METHOD OF FORM NG SOURCE AND DRAI N OF FI ELD- EFFECT-
TRANS|I STOR AND STRUCTURE THEREOF (0001] FIELD OF THE
I NVENTI ON [ 0002] - The present invention rel ates
generally to the manufacturing of sem conductor
devices, and in particular, to the formation of
source and drain of a field-effect-transistor.
BACKGROUND COF TILE I NVENTION [0003] In the field of
sem conductor integrated circuit (1C manufacturing,
e s e
wel | - known fRANSISTOROAND smudﬁﬁ@tkﬂ@@éﬁ?‘ ogi es.
transi stor may be afield-effect-transistor (FET), e. g
a conpl enmentary netal - oxi de-sem conductor (CMOS) FET,
and the FET nay be a p-type doped FET (pFET) or an n-
type doped FET (nFET). Different types of transistors

oaggy_be manuf act ured on -a common substrate . of
'sem conductor chip or structure. [0004] In nost recent
several years, efforts of continuing to scale FET
devi ces have been nainly focused on the area of
stress engi neering. For exanple, in the case of
manuf acturi ng pFET devi ces, incorporation of

FIRIO ¥ EAB INCESTIcRsS |1 ners and/ or stressors of enbedded
SiGe (eSiGe) in source and drain regions. have

(0062 T aeers st lidvyntiche rebars énada Bydko it MavRamR Rk of RmRSFJUQLTRRAES, and in

partﬁflla.lt B%heq'glﬁltmq%l’(éoﬁl%g‘ an'c_i Ig%m 9 r gl& eftfect-tralillsrl ttcl;l er enhance
performance of devi ces, - hew &chni ques nay
need to be developed and |ncorporated into the

BACKGROURS S hOFENRbLROY and, in certain situations,
careful optimzation of current technol ogy el enents
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semit@divRobiggyt strkches e are certain practical |imtations on
the level of Ge concentration that may be used before
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focused on the area of stress engineering. For example, in the case of manufacturing pFET devices,
incorporation of compressive stress liners and/or stressors of embedded SiGe (eSiGe) in source and
drain regions have successfully demonstrated improvement in performance of the pFET devices. In
qrder to further enhance performance of the pFET devices, new techniques may need to be developed
and incorporated info the existing FEOL technology and, in certain situations, careful ‘optimization of

current technology elements may need to be performed.



proximty that eSi Ge stressor in the source and drain

regi ons may be brought relatively close to the

channel region. [0006] Therefore, there exists in the

art a need to.devel op new net hod, and structures

‘associated with the nmethod, to further enhance the

strain effect of eSi Ge stressor w thout degrading

performance of a PpFET such as, for exanple, parasitic

and punch-through characteristics of the pFET. SUMVARY
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consisting of As, Sb, and P. [0010] Structures of the
field-effect-transistor manufactured according to
enbodi ments of methods of the present invention are
al so provided. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0011] The present inwvention will be understood and
appreciated nore fully fromthe followng detailed
description of the invention, taken in conjunction

th the acconpanyi ng draw ngs of which: [0012] FIGS.
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of the invention that are proposed in this
application. It shall be understood by those skilled
in the art that they are provided nerely as exenplary
sanpl es, and shall not be constructed as |limtation to
the invention. [0019] FIGS. IA-1C are denonstrative
illustrations of a nethod of creating recesses in
source and drain regions of a field-effect-transistor
(FET) according to one enbodi ment of the present

DETAYERD DESCRIPMueOs paEihvERTIoN FIG 1A illustrates a
step of formng a gate structure 120 on a top surface
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ot her suitable types of etchants. [0022] The areas of

i npl anted regions 151 and 152 nay be defined and/ or
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131, 132 and shallow trench isolations 111, 112. The
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and/ or adjusted by varying the angle, and the energy
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type dopant may be inplanted to have pre-determ ned or
desired shapes that -enable form ng stressors, such as
enbedded Si Ge, in positions rmuch closer to the channe
regi on underneath gate dielectric 121. Accordingly,
enbodi nents of the present invention may inprove the
ef fectiveness of strain applied by the stressors
significantly, as described belowin further details.
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accordi ng to one enbodi nent of the present invention.

Under neat h t he
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6 second set of spacers 233 and 234 define the
extensi on regions of source and drain of pFET200,
where the inplantation may be later replaced with
stressors, as described belowin nore detail, to apply
stress nore closely to the channel region 223 of pFET
200. A person skilled in the art will appreciate that
al though only two sets of spacers have been shown in
FIG 2B, a conbination of nultiple sets of spacers
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theinogenda@medias) anbifie fddRe/8:010 GBS aii265 G ECE 233 and 234,
and a portion of substrate 202 underneath may be
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During this step, inplanted regions 251 and 252 may
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-formed in the openings of 263 and 264 may act as stressors and apply compressive stress towards the



According to one enbodi nent of the present invention
and as is clearly illustrated in FIG 2D, eSi Ge
formed in the openings of 263 and 264 may act as
stressors and apply conpressive stress towards the 7
p3 channel region 223 under gate dielectric 221 in
positions that are nmuch closer than those forned in
the openings of 261 and 262. [0031] Follow ng the
growth of SiGe in the source and drain regions, as
chanpql frgiop Z43atyder gatigiglpeuri221 iy pasitopsthat afejmysh clpsor thanghase formed in the
opapecifRéicati bgz. a conpressive stress liner) may be
optionally forned, as is well known in the art, on
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 Tegiogy, &jspleqtixg B}Eswrmqssmeg}yms chierime dmied etchiegingy t@tuséw at @peration 318 to

furth PERASsourRs! £l dRsn théﬁm&lqﬁ%&g @ens), &/ﬂllHﬂf&bJﬁen B@\ﬁ(ﬁlgl%’ implanted
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‘ seml&ﬁcﬁfafopgﬁergafls s‘:&n as SIS @ﬁi QEF w(iiuc’ﬁ“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,




regions, a selective RIE process applying a

chl ori ne-based etching my be used at operation 318 to
further open the source and drain extension regions
(FIG 2D), which have been previously inplanted wth
n-type dopants and may be underneath the second set of
spacers. At a follow ng operation 320, the openings
of source and drain regions and source and drain
extension regions may be filled with sem conductor

sucmaats &hlaﬁﬂaeiluguﬁﬂzeﬁsangl sitRidbtioh Procdds)to fitfikh Ghe FEIS" d@\ﬂcc Optionally, a

corf b LB e SR Ve i 7B e o
furthey Flﬂmcp thn stesks pplisd cheshaine region ofthe FEThe FET may be

foll owed by other well-known conventional operations,
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field-effect-transi stor manufactured according to one
100381 Wbt e invengon hap beep dessilied in taynsrof Pxsmplak qmbedimentss thpse|skifled in

“the drfwill RRogalz thvd thd in i @& RipRchidddith fmbalfichs £ MW le dpiit Erld@cope
es source and drain extension regions 4;1 and
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919 U are filled with embedded Si Ge and forned
underneath a set of spacers 481 and 482. Stressor of
eSi Ge are placed nuch closer to the channel region of
the field-effect-transistor. [0034] Wile the
i nvention has been described in terns of exenplary
enbodi nents, those skilled in the art will recognize
that the invention can be practiced with nodifications
and in the spirit and scope of the appended clains. 9
CLAIM5 What is clained is: 1. A nmethod of formng a
field-effect-transistor (FET), conprising: inplanting
one or nore n-type dopants to create one or nore
i mplanted regions, at least a portion of said
i npl ant ed regi ons bei ng designated as regions for
form ng source and drain extensions of said FET,



activating said inplanted regions; etching with a

chl orine based etchant to create a set of openings in
said portion of said inplanted regions for form ng
sai d source and drain extensions; and form ng said
source and drain extensions of said FET by grow ng
silicon germanium (SiGe) in said set of openings. 2.
The nethod of claim1, further conprising formng a
set of spacers adjacent to a gate region of said FET
to define edges of said ¢legMsns for said source and
drai n extensions, before inplanting said one or nore

Whatls dlyip&1 igopants. 3. The method of claim2, wherein said

1.

'spacerg'1p
: f Q)Drtlsla iofl sad itnydanted nelgidhis deing ededigand ansegiods foFherniid fatte @hd drain

set of spacers is a first set of spacers, further

Caﬁiﬁ&Hosbmmdgarﬂadwe@uaeﬁ@m$ﬁ&on@ﬁsxﬁgoacer s adj acent
to said Elrst set of &% g ] salte second s%ﬁ 1
solihop? g p PR GET bl PSR T gy iens a least a

fﬁﬁgn said set of openings is a first set
of openln urther conprising etching a portion of

saldlaﬂwﬂmgxmhm@gmﬁmﬁqmn covered by said second set

For mi nagpyrd SR fuft ARGANS SR« i £ BERRAR oz of sid
c Ilrmlanﬁtcd regiony fohformiegyaid spusdenyd dran pﬁtqngogaq_nd source and

- drai n il L e SRR T By 330 SBER Db siG

of openings. 6. The net Fain
séﬁ@ﬂaﬂﬁgwmﬁ%ﬁopenlngs i s deeper than, and adj acent to
said first set of openings. ' 10 7. The nethod of
aims 5 qr 6, conprising annealln% said FET after
' %‘g’@g Flamsbm’fgg I COPrIEREIOH B B St 95 FRIcEAdiacAt Hreate region of
dsfami FETEs tcefizi QS of kHidDitGibnsOHOMddursd 4 drdin Sddnflods] BeBdre implanting
second sets of openings. 8 The nethod of any one
lfﬁ%mﬁﬁg%ﬁﬁﬁﬁﬁ%¥alns, wherein said FET is a p-type
doped FET and formng said source and drain

ST BRI LR wiRGT O Bt Sdr B 25 o8 mtory, Pl i

pﬁom_u@a sgol =i ofsspacatserpiont @cshid it isetgpf Spricets, i saip Isevohdegbt of spacers
rc%%rﬁ@&id portion of implanted regions for said source and drain extensions.

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.

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

growing SiGe in said second set of openings.

The method of claim 3, wherein said second set of openings is deeper than, and adjacent to said

first set of openings.

10 .



conprises annealing said inplanted regions at a
t enper at ure bet ween about 600C and about 1300C, and
for a tinme duration ranging fromabout a nmllisecond
to about 30 m nutes. 10. The nethod of any one of the
precedi ng cl ains, wherein said one or nore n-type
dopants are selected froma group consisting of As,
Sb, and P. 11. A nethod of formng a
7. - f '"ﬁlte gleﬁ&f &%{al 5508, Ic%&fsmé 51'1:1391111 %rp%rflaﬁér?&ﬁun g%?(!l é%ﬂltcé ng drain and
one or nore dopant’s to create BRe or nmore |
- r égidowyree sad drapwt@mt% thrpyehi gsprging Nige |rrngalétﬁrstezaétsecond sets of
r egbsgs designated for formng source and drain
extensions of said FET, activating said inplanted
regions; creating openings for said source and drain

8. exnhe RAfthod 51 my cﬁé @mha Precddfnly RN whiréih and FE§$J £phyp¥ aogee FET and
i d.one or ants, said inpla ans;

?fml%gialé S Lo AP S S RO PSP AR tid ol opnings.
openlngs 12. The method of claim 11, conprising

n f.irst set, of spacers ad acent to.a t.e )
Sy g%ll onglg of 4% OneFél'thf Sreag nlgn%al?l%gl RFdn pgivating; s gﬁslglﬁwtgd feglons
' amknptrssa annmhngmd mpdantee Ivefzidng atra mepparagieCiEngees @boud600°C and about

J | e t 0
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The met hod of claim 12, conprising etching said
10. | *ml: ﬁ@&@&i of ﬁ9'09@§f #HO Bre&eg\ﬁg %ﬂn@ %irheci@lh Qalﬁ &6 Ig%&@'ﬁ t)éé%fdogants are
spacers to create op enln% ormng sald sourc
- dedstpd domspgrepprposistingpf A SbpAdP. et hod of any one of
claims 11 to 13, conprising form ng said source and
drain as_well as_  source and drain extensions by

1. 'eﬁT%?fi &f foyming afifldrifeditprsison(FEE) AAPOSRE i n sai d
openl ri@@lamﬂa@ oneT&andeHJp@lds fa,fcr@ﬁyon@ Bemerk iGpiaidiregidnst Bid implanted

wherej n ﬂctlvatl sa| anted reg ons
i ChioE afl sty S arod o Bt e gGn sengions of seid FET:
tenpemahnﬁgsheﬁmmmmda@@mi 600C and about 1300C, and
for a time dur.ati n g fromabout a m!|
to ab8ff?“r§o°Pﬁ?1ﬁ¥ft 85 Sm?ég“‘"’f*haé‘drfg?‘ﬁ SEEBIong by e&h@%o‘fsmg an etchant
© Cielrrtive td saill ohoor fere dapratsainid ilsglantbdodiongendior € dopants are

n-type n cted froma_.group consisting of
As. Sborg%ﬁgauﬁjﬁ%urfgand Al extensions in 9 iggn 16, wherein

sai d et chant |s_chlor|ne_based etchant t hat provides
12. Tﬁ@ﬁl@tﬁ&d H&laih Ebeﬂgnsgn% fm P RNALSS; g}%@&@ Lcﬁacent to a gate region of said
FET to define regions for said source and drain extensions, and forming a second set of spacers

adjacent 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.
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14, @

15,

-16.

I7.

18.

19.

20.

18. A nethod of fomlIng a field-effect-transistor
(FET), conprising: creating inplanted regions

desi gnated for source and drain extensions of said FET
by inplanting one or nore n-type dopants in regions
next to a first set of spacers adjacent to a gate
region of said FET; activating said inplanted regions;
covering said source and drain extension regions with

gglgiﬂﬁisﬁtan t)ne &%ﬁ%ﬁl& H& g%m }éﬁl&%m%tf?rhﬁagss&ﬂ %gm% and drain as well as

i nplanted regions thro [ori
bas@-cerdhieinextngons by eiwenlip pening gécon aeroparfign ixistid) owamgis
source and drain extensions in said openings. 19. The
met hod of claim 18, wherein fornm ng said source and

dr dhmethedsiny pre of iaisild & 14 mgren gotivaling seigAmplaterbiagionm comprises
( StakeR)1ing R4k ﬁﬁﬁilﬁlltédh‘egﬂﬂls sed t@m@@&ﬁﬂe r&&&ee@&outﬁb@dﬁa heght ©d00°C, and

clains 18 or rther co etc ing sa

i wﬁqféﬂfné&urﬁ@g.r@ﬁ’gg b Aol Beff to d set of

spacers to create openings and gromnng therein SiGe to

f Olf[ﬂg metf’iI d o agynéjne% c?l!a.ilrl]ns (H to IS, Ivs/fgercleznilE Iald c:!'nze or more dopants are n-type dopants
selected from a group consisting of As, Sb, and P.

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

etching to said n-type dopants.

A method of fomiing a field-effect-transistor (FET), comprising;
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

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 (8iGe) 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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