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 applylng well-known front end of

I(||r:1§ Qoneshraegin PR ﬂ@#fi&ﬁ%@g%)é%’g_r
,e.g.ac me ctor

and the FET m %@%ﬁgg e o“o é@&f FES %%Pré{ﬁ? fype doped FET
(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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particular, to the formation of source and drain of a field-cffect-transistor,

BACKGROUND OF THE INVENTION

[0003] In the field of semiconductor integrated circuit {IC) manufaciuring, active semiconductor
devices, e.g. transistors, are generally manufactured or formed by applying well-known front end of
line (FEOL) technologies. A transistor may be a field-effect-transistor (FET), e.g. a complementary
" metal-oxide-semiconductor {CMOS) FET, and the FET.may be a p-iype doped FET {pFET) or an n-
‘type d_oped FET (nFET). Different types of transistors 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,



[0005] It is well-known in the art that increasing Ge concentration in the
eSiGi as well as bringing eGiSe stressor closer to the channel region of a
pFET device may result in certain desirably higher strain in the channel,
which in turn may improve performance of the device. However, it is also
known in the art that, with the current EEOL technology, there are certain
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performance of a pFET such as, for example, parasitic and punch-through
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field-effect-transistor (FET). The method includes the steps of implanting

one or more n-type dopants to create one or more implanted regions, at
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FET by growing silicon germanium (SiGe) in the set of openings. [0007a]
The second aspect of the present invention provides a method of forming
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for forming source and drain of the FET. Yet another embodiment includes

forming the source and drain extensions by growing SiGe epitaxially in the

set of openings.
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[0009] According to embodiments of the present invention, the

field-effect-transistor is a p-type doped FET, wherein activating the

implanted regions includes annealing the implanted regions at a

temperature between about 600C and about I300C, and for a time

duration ranging from about a millisecond to about 30 minutes. In addition,
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DETAILED DESCRIPTION OF THE INVENTION [0017] In the following
detailed description, numerous specific details are set forth in order to
provide a thorough understanding of embodiments of the invention.
However, it will be understood by those of ordinary skill in the art that
embodiments of the invention may be practiced without these specific
details. In other instances, well-known methods and procedures have not
been described in detail so as not to obscure the embodiments of the
~nyention.. rootsi In the following description, variqus figures, diagrams,
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condRlesa1d shall not be constructed as limitation to the invention.
[001&5] FIGS. 1A-1C are demonstrative illustrations of a method of creating
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according to Qa@»?a%%?&?é@%?m of the present invention. More specifically,

the present in .
FIG. IA lUstrates a ep of forming a gate structure 120 on a top surface
of an N-well substrate 102/101 during a process of manufacturing a p-type

BREETOHEET O SotESRRAHRYE50 may be formed in between regions
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embodiment of the invention, as described below in more detail. [0021]
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invention, in the process of manufacturing ’
[0016] It will be appreciated by 2 person skilled in the art that for simplicity reason and for clarity of

illustration, clements shown in the drawings have not necessarily been drawn to scale. For example,

dimensions of some of the elements may be exaggerated relative to other elements for clarity purpose.



pFET 100. As is illustrated in FIG. 113, source/drain regions 141 and 142
may be implanted to become implanted regions 151 and 152 by using one
or more n-type dopants such as, for example, As, Sb, and/or P. However,
the present invention is not limited in this respect and other n-type
dopants may be equally used in the ion implantation process.
Furthermore, the type of dopants may not be limited to n-type so long as
the implanted regions (with the dopant) may be selectively (as compared
to reglons that are not implanted) etched away in a next step by, for
e B P RA G AT CHi GAHE B ¥ &8 BN ant or other suitable types of
etchants, ﬁ1&00221 The areas of implanted regions 151 and 152 may be
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invigsgne embodiment of the present invention, in the process of
manufacturing pFET 100. More specifically, following ion implantation,
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the anneallng may vary, from sub-millisecond to less than an hour, also
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- spacansriedling 3, L308G ey e gutir didkyicl Zowg ldliokimitlispecrch trodlewtage of
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- (s: % IT ccor odiments of the present invention,
embafa&ﬁ?ﬁ %&%%"gée%%a%%znmav fi&Lontrolled, in combination with
{mgi)l: ispacer techrﬁque hroul%h controllln the reglons Where the n-type
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closer to the channel region underneath gate dielectric 121. Accordingly,
embodiments of the present mvenilon may improve the effectiveness of
strain applied by the stressors significantly, as described below in further
details. [0025] FIGS. 2A-2F are demonstrative illustrations of a 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 a p-type FET 200 on an
N-well substrate 202/201. Gate structure 220 includes a gate dielectric
221, a top portion of which may be salicided to include a suicide 222, and
.a first set of spacers 231 and 232. Between spacer 231 and a STI 211,
and between spacer 232 and a 511 212, 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 illustrates that areas close to the surface of

source and drain regions may be implanted, at least partially, by one or
more n-tvvne Adonnante (cr1ich aec Ae Th and/or P ac AdAeceribhed ahove with



6 second set of spacers 233 and 234 define the extension regions of
source and drain of pFET200, where the implantation may be Later
replaced with stressors, as described below in more detail, to apply stress
more closely to the channel region 223 of pFET 200. A person skilled in
the art will appreciate that although only two sets of spacers have been
shown in FIG. 2B, a 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
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depggqfq%gw%@&ply stress more closely to the channel region 223 o FET
200, under gate dielectric 221. [0030] FIG. 2E illustrates a step of
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specthl CRROINGSRE K6 38%ation time for the annealing may vary, from sub-millisecond
“to less than an hour, also depending on the specific annealing technique used. In general, a higher
temperature annealing requires a shorter duration. For instance, a laser amnealing at 1300°C may
require only a couple of millisecond. Following activation, the implanted regions 151 and 152 may be

. efched in a chiorine based etchant, creating openings or recesses 161 and 162 as shown in FIG. 1C.



[003 1] Following the growth of SiGe in the source and drain regions, as
illustrated in FIG. 2F, a stress liner (or more specifically a compressive
stress liner) may be optionally formed, as is well known in the art, on top
of the gate structure to further enhance the stress effect being applied to
the channel region 223 of gate 220. Other stress engineering techniques
may be used as well. [00321 FIG.3 is a simplified flowchart of a method
of forming source and drain of a field-effect-transistor (FET) according to
one embodiment of the present invention. More specifically, at operation
106210 AscpEmede vidodipraferhbiypepatyperEeTInmgsye partalhf forhetd byy be
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but other types of dopants in particular n-type dopants may be used as
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anisotropic etching process, such as the conventional fluorine based
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operations, as indicated in operation 322, 8 such as an annealing process
{003 GG gk Bhierripr s ctapsoforiviSistehiee PERT &0 iEdio@ptidalhp, sown in FIG. 24
accegdingpseasiviensiie s din grtaaynbefarmedysuch-asHamt ghidgpasitionemns |
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PACOT a field-etfect-tranaistor manufactired accor ing to one empodiment of
- PREf0 Br‘é%ﬁ? FITRSHRSAOTANS SPsOlls SRMREMFTTISE %?tﬁfﬁf%ﬁﬁfé&?&téiﬂﬁ'awﬁw
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 &siGe are placed much 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. 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 with a chlorine
based etchant to create a set of openings in said 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
- sepagisehof st Seref dtalifing ez rraonretings B hedeinnd dfenthlgrET200, where
thcowiprisingforbaiingracsiet-ohipacess adjdceribio algate megitm:Ofio apply stress
more closely to the channel region 223 of pFET 200. A person skilled in the art will appreciate that
although only two sets of spacers have been shown in FIG. 2B, a 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 ilhustrates 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 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 -



sald FET to define edges of sald regions for said source and draln
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
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

ch&AM g@ﬁwmmp% 9K 2f saiddmplanted regions not.covered by said

o secﬂon set of s acers to create a second set of openings for forming
PEFCE And 3raln of said It 1. The method of claim 4, further comprising

fodS f& 3,581, growis 6 cs%ﬁ%'” Of)égéan rOW'”QE:E%r%ed'Q E@dzﬁ‘eacé%m
? opeﬁl et claim erel secon

i“*ﬁé@ﬂﬁ?ﬁ?@“ﬁg&é%@? Fﬁ‘&ﬁre%ff‘(a %f&&éﬁﬁi ‘F&S‘ys%ﬁd’?ﬂ%‘t"&étf%f“&béﬁi’ﬁ%“ Fgpwen in

theTeie o ethdfUtof mlairmseGro tofugmptisingtarmresl inly < didh £ piplEfter fornhimge!

. regi@i oS anga:.ane diainarcbsalebanticcmang drain: eedensiens through
growing SiGe in said first and second sets of openings.

f0032] FI1G.3 is a simplified flowchart of a method of forming source and drain of 2 feld-effect

transistor {FET) according to one embodiment of the present invention. More specifically, at operation
310, 2 FET device (preferably a p-type FET) may be partially formed by forming shallow trench
isolations, a gate stack, and a first set of spacers adjacent to fhe gate stack, all on a semiconductor
substrate (FIG. 2A). Operation 310 may be followed by operation 312, in which an n-type dopant or
dopants may be implanted 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
followed by ar activation process such as, for example, an anncaling process, to activate the dopants
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. Afier forming the second sef 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 dopanis and may be undemneath the second set of spacers. At a foilowing 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,



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 said implanted regions at a temperature
between about 600C and about 1300C, and for a time duration ranging
from about a millisecond to about 30 minutes. 10.The method of any one
of the preceding claims, wherein said one or-type dopants are selected
suffiofh 8t GO ASISEN gRB T sAisidaisn drierss & rfieth gleof For ity oOptionally, a
cofiplelsbifectstriinsistor {F BE)Comiprsingush iaplgniingone df tnoteldbpants
fiBCERRIRQRAREI BRI W Blanisd I egions:saig implanted regions covering
at least regions designated for forming source and drain extensions of
(0@l RET iaetialingssaidiimplanteshseginnss » rekeatidgepeningsdigiaaid
acRPHIE S BRI RAIGARY (g}&&y RIGHING wYRIRG: JiRkeD mtaﬁe\,l%yyp@e&%é%@t
FE?’ §0 m rxg ﬁ%pﬁ ?r;[auj es_ S0l ?a(?nre OSEI o rgnlgnfo ? Eﬁ Fcf ra?se filled
drain extensions in sai op enln S. ﬁe BAOG°SY clain
“’”&ﬁﬁ*ﬁﬁﬁ%‘iﬁ&%ﬁ‘iﬁ ﬁ&%ﬁ@fﬁ%ﬁ%ﬁféﬁ%&@%ﬁ&@rﬁ%%ﬁ@ FGRITR TSl
- muphEPso tdéknberegiopisifoitsaidisetiteamdwdrain extensions, and forming a
second set of spacers adjacent to said first set of spacers to define
Eﬁoﬁébf@h@ﬁ@? wEenitn avsddnadesrofredio BRT 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.



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
duration ranging from about a nfifid@¥8nd to about 30 minutes. 16. The

metﬁoda?.f any one of claims 11 to 15, wherein said one or more dopants

Whal BOARBE dopants selected from a group consisting of As, Sb, and P. 17.

1. Thespetheekaflaimdbwhersisaiteaichanischlorine based etchant
.that pro%@lﬁ%&%%gggre rr?&%hzi[‘t?péod%%% rllx;té/rgaetc%gg grnrtnsdre implanted regions, af 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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18. A method of forming 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

- 7. famnisgsaidsoureesand, ciajumgansionssim S8 AREHRGE 48 sdh@ and drain and
methed of claim 38 Whersin fowning:said.se @%eaznud?gy{@'ﬁr&_xz&%@%'ﬁ%eéd sets of

comprises growing silicon germanium (SiGe) epitaxially in said openings.
20°FF&8hethod of claims 18 or 19, further comprising etching said
implanted regions not covered by

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



said second set of spacers to create openings and growing therein SiCie
to form source and drain of said FET. 12 METHOD OF FORMING
SOURCE AND DRAIN OF FIELD-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

14, desipatedias egignsder éﬁ[ﬁki @g @%r%ﬁﬂd@%&@gmim&@ma&ﬂg well as
actlvatl cega;[hgrlmgj! nsgglds tchln }Qoa chlorine u%asi etchant to
create openings in the |m nte glon dnf%rmlnﬁmhe Source and
drain extensions by epitaxially growing embedded silicon germanium in

15. the Tigenirigs.oStiyatur efofzansénic oAduistonfeld-efe ctidramdistod wrhee comprises
therﬁﬂ&dﬁg@';&@dﬂ%@ 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.

16, 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.

I7. The method of claim 16, wherein said etchant is chlorine based etchant that provides selective

etching to said n-tyne dopants,

18. 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.

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

silicon germanium {$iGe) epitaxially in said openings.
20. . 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.

12



Figure |

METHOD OF FORMING SOURCE AND DRAIN OF FIELD-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 designated as regions
for forming source and drain extensions of the FET; activating the implanted regions; etching
with a chlorine based etchant to create openings in the implanted regions, and forming the
source and drain extensions by epitaxially growing embedded silicon germanium in the

openings. Structure of a semiconductor field-effect-transistor made thereof is also provided.

Figure 1
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