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channel i on and
0(111 as microprocessors, storage chips and the like, CMOS technology is currently one of

the most promising approaches due to the superior characteristics in view of operating
15 speed and/or power consumption and/or cost efficiency. During the fabrication of complex
integrated circuits using CMOS technology, millions of transistors, ie., N-channel
transistors and P-channel transistors, are formed on a substrate including a crystalline
semiconductor layer. A MOS transistor, irrespective of whether an N-channel transistor or
a P-channel transistor is considered, comprises so-called PN junctions that are formed by an
20 interface of highly doped drain and source regions with an inversely doped channel region

disposed between the drain region and the source regions.

The conductivity of the channel region, ie., the drive current capability of the

conductive channel, is controlled by a gate electrode formed close to the channel region and

25 separated therefrom by a thin insulating layer. The conductivity of the channel region,
upon formation of a conductive channel due to the application of an appropriate control

voltage to the gate electrode, depends on the dopant concentration, the mobility of the

majority charge carriers and, for a given extension of the channel region in the transistor

width direction, on the distance between the source and drain regions, which is also referred

30 to as channel length. Hence, in combination with the capability of rapidly creating a
conductive channel below the insulating layer upon application of the control voltage to the

gate electrode, the overall conductivity of the channel region substantially determines the
performance of the MOS transistors. Thus, the reduction of the channel length, and

associated therewith the reduction of the channel resistivity, renders the channel length a
1
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Dopant profiles are usually obtained by ion implantation techniques. lon
implantation is essential to the fabrication of modern integrated circuits. Ion implantation
involves generating the required beam of ions and implanting them into the substrate so that

30 they come to rest just below the semiconductor surface. Currently, ion implantation is used
to form source and drain regions, shallow extension junctions between the channel and the
source/drain contacts, and electrically active polysilicon gate electrodes. lon implantation
is usually followed by an annealing step to heal the damage that occurs when ions occupy

the interstitial spaces in the semiconductor crystal lattice during implanting.
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advance to a future technology node while avoiding or at least postponing many of the
above process adaptations associated with device scaling. One efficient mechanism for
25 increasing the charge carrter mobility is the modification of the lattice structure in the
channel region, for instance, by creating tensile or compressive stress in the vicinity of the
channel region to produce a corresponding strain in the channel region, which results in a
modified mobility for electrons and holes, respectively. For example, creating tensile strain
in the channel region increases the mobility of electrons, wherein, depending on the
30 magnitude and direction of the tensile strain, an increase in mobility of 50% or more may
be obtained, which, in turn, may directly translate into a corresponding increase in the
conductivity. On the other hand, compressive strain in the channel region may increase the
mobility of holes, thereby providing the potential for enhancing the performance of P-type

transistors.  The introduction of stress or strain engineering into integrated circuit
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30 In another approach, the hole mobility of PMOS transistors is enhanced by forming
a strained silicon/germanium layer in the drain and source regions of the transistors,
wherein the compressively strained drain and source regions create uniaxial strain in the
adjacent silicon channel region. To this end, the drain and source regions of the PMOS

transistors are selectively recessed, while the NMOS transistors are masked, and
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concepts in a simplified form as a prelude to the more detailed description that is discussed

later.

20 Generally, the subject matter disclosed herein is directed to a technique that enables
the formation of a transistor, during the manufacture of which source/drain regions are at

least in part pre-amorphized, whereas a gaie electrode is not pre-amorphized.

One illustrative method comprises providing a substrate, the substrate having a gate

25 electrode of a transistor with a pre-amorphization implant blocking material over the gate
electrode. The substrate further comprises source/drain regions of the transistor that are

free of the pre-amorphization implant blocking material. The substrate is subjected to a
pre-amorphization implanlt process to thereby pre-amorphize at least part of the
source/drain regions while blocking the gate electrode from the pre-amorphization implant

30 process.

Another illustrative method comprises selectively pre-amorphizing source/drain
regions of a transistor while preventing pre-amorphization of a gate electrode of the

transistor.
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stressors, in accordance with illustrative enbodi nents di scl osed
helrsel " Figures 2 and 3 schematically show cross-sectional views of semiconductor devices

having transistors in accordance with illustrative embodiments disclosed herein;

Figures 4A-4B schematically shows cross-sectional views of a semiconductor
device illustrating the formation of intrinsic stresses in source/drain regions by a stress

20 memorization technique in accordance with illustrative embodiments disclosed herein;

Figure 5 schematically shows a cross-sectional view of a semiconductor device

including two different types of transistors; and

25 Figures 6A-6C schematically show cross-sectional views of a semiconductor device
including two different types of transistors, such as P-channel transistors and N-channel
transistors, source/drain regions thereof that are selectively pre-amorphized while a gate
electrode of the transistor is protected from pre-amorphization in accordance with
illustrative embodiments disclosed herein.

30

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the

drawings and are herein described in detail. It should be understood, however, that the
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nodi fi catdr@iSins CARCY MiBNasy fofdord! fnfididntavi6s b ahdthtd Motddh &, th®ill be
spirit and scope of the invention as defined by the appended cl ai ns.

5 DETAI Lipreseatdrhetriucl aofevelgpmerp/effort opght be complex and time-consuming, but

would nevertheless be a routine undertaking for those of ordinary skill in the art having the

15 benefit of this disclosure.

The present subject matter will now be described with reference to the attached
figures. Various structures, systems and devices are schematically depicted in the drawings
for purposes of explanation only and so as to not obscure the present disclosure with details

20 that are well known to those skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the present disclosure. The words
and phrases used herein should be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those skilled in the relevant art. No
special definition of a term or phrase, i.e., a definition that is different from the ordinary

25 and customary meaning as understood by those skilled in the art, is intended to be implied
by consistent usage of the term or phrase herein. To the extent that a term or phrase is
intended to have a special meaning, /.e., a meaning other than that understood by skilled
artisans, such a special definition will be expressly set forth in the specification in a defini-
tional manner that directly and unequivocally provides the special definition for the term or

30 phrase.

Generally, the subject matter disclosed herein is related to a technique that enables
the formation of a transistor involving pre-amorphized source/drain regions, whereas a gate

electrode of the transistor is not pre-amorphized, i.e., a crystalline structure of the gate
7



Various illustrative enbodi ments of the invention are described
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layer is of a relatively stiff material that is capable of withstanding stress developing during
annealing of the pre-amorphized source/drain regions without considerable deformation
30 such that a respective opposite stress is formed in the source/drain regions itself. This

stress is preserved, i.e., memorized, even after removal of the cover layer.

The present subject matter is applicable to both NMOS and PMOS transistors,

wherein it should be understood that the term NMOS is to be considered as a generic notion
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of the c%& W, The present subject matter is applicable
to both transistors, wherein it should be understood
that the term NMOS is to be considered as a generic notion WO

2009/ 005787PCJ/ /0081 nel
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transi st @Etsbhsﬁafﬁtﬁﬁmmﬁﬁhghwdrﬁgpq&hﬂﬁgat’ﬂnhﬁ)[hﬂ}é&hit@lﬂl x@éaoh bea fransistor, it
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transi st @iafsidtor ﬁﬁy afet in¢Rbied P e siintAfling Uhé REcPElEctRED dBNhe afah88loOtn ke
source/drain_regions, whereas the other gate electrode is

pr eanor P ¥ Ty SEincestalFryy ihout pre: a@g{p@:l@p%t rodes of NMOS transistors
mays be sel ectively preserved crystalline during pre-anorphization,
whereas the gate el ectrodes of the PMOS 10transi stors may be

amor phi zed. ~ Figure Iy schematicaly Ylusapsoasrpasreationplaievs eltserusasrvetyr deyige

per f or mange chHepfidd Ssubbudi B i inSRERHiCH R vl SRR S b¥ 14RO AL
an NMOS transistor. Mreover, the present subject matter allows for

more pr esiksats AP hmey representiant aprsplretehe etefavingdonpdtharyoarsiubstantislly nd

crystalline semiconductor layer 103 that enables the formation of the transistor element. In
30 one illustrative embodiment, the semiconductor layer 103 may represent a silicon-based
semiconductor material, which may be formed on a buried insulating layer (not shown), so
that the substrate 101 may represent an SOI-like substrate. In other embodiments, the semi-
conductor layer 103 may be formed on top of a bulk semiconductor substrate, where the

transistor element may represent bulk transistor devices. It should be understood that
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while 20 maintaining a gate electrode of the transistor crystalline.
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and on the segi tﬁ&?ﬂ;&ﬁ'&%&s ! %eforgfgénmg & §£‘ch BF 1OYicd s LRRudTRY
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t he | ayegubkQde MY, Dierippr, @Ry isalaod Qfuctips (ﬁarsﬁa%pfﬂayolﬁe fouhwordm@ b@shsed
devices or, in other cases, bulk devices may be fornmed in fhe

103. A t Phiteliresiblihed deqipesysicy ay (BP?PPW@"%fF@Ysé‘Fﬁ éB‘ﬁ‘HU{?tCoF‘C}(‘Je‘Wh@éW%O

as shown fdiRdwed By Epabpraud f Bﬁﬁoﬁ SPSd1iSng Rehufi Qles ONhMAP IRBEKHEST trehlE
substrate 101, when inclu Pﬂfa buried insulating | ayer, éqg&‘recel ve

the seni tsahaa%ﬁ@raqrwércomglp W Nexdt ﬁhwr%lafeh@elﬁ@fwwr
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techniques. The dielectric layer 106A serves as a gate insulating layer.

30 Over the gate electrode material layer 105A, a pre-amorphization implant blocking
material 132 (Figure 1B) is formed by a pre-amorphization implant blocking material
deposition process 130. The deposition process 130 may be any appropriate method for
depositing the pre-amorphization implant blocking material 132, e.g., chemical vapor

deposition, e.g., plasma assisted chemical vapor deposition, physical vapor deposition, e.g.,
10



20 growm h techni ques on the basis of a substantially crystalline
tenpl ate provided in the substrate 101. Thereafter, any isolation
structures (not shown) nay be formed on the basis of well-established
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f ol | owed by appropri ate deposition and polishing techni ques, when the
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etch proges&séd34. Depending on the device strategy, a resist nmask or
a hard mask, or both, may. be used for patterning the gate el ectrode
erial, so as to obtain the 15 respective gate insulation |ayer 106
and the gat e Bbeetitadewd fe seReiREIoMIdicet 100 iPh AMIBN RVh%RS hARufabil st
bl ocking materral 132. The nmask 133 nmay be renoved on the basis of
vel | - est @35 Shegintbe prtaeris etohdirocessal?diles beencempleted igaltingaip threrespec-
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pre-

implantation may be, for example, silicon (8i), germanium (Ge), xenon (Xe), etc.
According to illustrative embodiments, the pre-amorphization implant is implanted as ions,
30 e.g., positively charged ions, As stated before, the pre-amorphization implant blocking
material 132 stops the pre-amorphization implant process 135. Hence, the gate electrode
105 is maintained without any substantial pre-amorphization, e.g., in its original

(poly-)crystalline structure.
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the further conmponent. In other words, the preanorphization of the
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132 act as a mask for dopant implantation processes.

25
It should be understood that any implantation sequence may be performed for
obtaining a required lateral dopant profile as required for the complex concentration in the
drain and the source regions 112. It should be appreciated that a plurality of implantation
sequences may have already taken place to provide a desired vertical dopant profile within
30 the semiconductor layer 103 prior to the formation of the gate electrodes 105.

Figures 1E-1G further illustrate a process sequence for forming a sidewall spacer
according to illustrative embodiments disclosed herein. In a first step, illustrated in Figure

1E, a sidewall spacer material deposition process 138 is perfonﬁed to thereby deposit a
i3
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the pre- process 142, using the sidewall spacer 111 as a mask for generating a desired dopant profile

141 in the source/drain regions 112.

25
It should be appreciated that the spacers 111 may be formed in accordance with
requirements of the corresponding dopant profile 141 in the regions 112 so that a width of
the respective spacers 111, as well as the number thereof, may be varied in accordance with
requirements. For example, a single spacer element 111 may be sufficient or more than two
30 spacer elements may be provided to act as an implantation mask for the formation of the

drain and source regions 112. After each or some of the implantation cycles or after the
very last implantation process, a comesponding anneal process may be carried out to

substantially activate the implanted dopants and to substantially re-crystallize the pre-

14



WO 2009/ 005787PCT/ US2008/ 008152 anor phi zed regi ons 136 and, if
present, further inplantation-induced danage in the sem conductor
| ayer 103. According to illustrative enbodi nents, the sidewall spacer
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basi s of¢stablished techniques. For example, annealing the pre-amorphized regions may include

25 heating the whole semiconductor device 100. According to other illustrative embodiments,
annealing the pre-amorphized regions may include selectively heating the pre-amorphized

regions 136, e.g., by laser irradiation.

Further, in the manufacturing stage shown in Figure 1H, metal silicide regions 114

30 have been formed in contact portions of the source/drain regions 112 and the gate electrode
105 according to well-established techniques. For example, the respective metal silicide

regions 114 may be substantially comprised of nickel silicide or nickel/platinum silicide,

which may be reliably formed within a silicon/germanium material. Further, metal silicide

regions 114 on the basis of nickel or nickel/platinum may be formed on the basis of
15



WO 2009/ 005787PCT/ US2008/ 008152 appropri ate tenperatures, which may
not exceed approxi mately 400C. The netal silicide regions may be
formed by depositing the respective netal on the contact portions and
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channel re(%irons 113. For exanple, the contact |ayer 117 may be
conpri seBILF ¥ con nitride having an 25 intrinsic conpressive
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transi stor. nsequently, i.n thig case, the.spacer el enent 1 ma
bl 20 have. beelh Ferietecyhanlolt TusRRRE eRRbRs T auaT s ettt
as to suppREingtidier ﬁlﬁ{ BS forinb A& e (TIRSIRGN vihidtel! @V ke inicinh &yeonbiaet
| ayer 117. In the illustrative enbodi nent shown, the_contact |ayer
117 is f@riiess it & 6‘?@“%‘"@%‘?"% 1t19 bedow 1he Bpisndeids 1930, AGgeuties f0 ops

one enbog¥RRtve RBodimest RO s&ORLAGIIHgAYREr 114 uRidk@icMmBshigdk regd | yi7on
the respective netal silicide regions 114 fornmed on the source/drain

red? ons Proordingds eehilustitiye sEbpdimaats.the piess-BRBEEE Y 1§ an £15B StoptsEL

| ayer 114;g8which may be conprised, in one illustrative enbodi nent, of
silicon nitride, has a desired magnitude and type of intrinsic
stress, such ascudipgimssame iJustatve enbodigeus e ogtactAgyer 117 comprises a first

2009/ 005 Z%%Pﬂ{ltHﬁglgggéSQQ§ Ifice a corresponding strain in the respective channel regions

113. For example, the contact layer 117 may be comprised of silicon nitride having an
25 intrinsic compressive stress, when the first transistor 100 is to represent a P-channel
transistor. Consequently, in this case, the spacer element 111 may also have been formed
to exhibit an intrinsic compressive stress so as to support the stress transfer mechanism
provided by the contact layer 117. In the illustrative embodiment shown, the contact layer
117 is formed in close proximity to the transistor 110, wherein, in one embodiment, the first
30 contact layer 117 is formed directly on the respective metal silicide regions 114 formed on
the source/drain regions 112. According to some illustrative embodiments, the contact
layer 117, which may be comprised, in one illustrative embodiment, of silicon nitride, has a

desired magnitude and type of intrinsic stress, such as a tensile stress of a specified

16



magni tude, when the transistor 110 is to represent an N channel
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Figure 2 shows an alternative enbodi nent. qf ) st
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be

Above the contact layer 117, an interlayer dielectric material may be formed to
complete an interlayer dielectric material layer (not shown), in which corresponding
contacts are to be formed to respective contact regions of the transistor 110, such as the gate

25 electrode 105 and the drain or source regions 112.

According to other illustrative embodiments, the sidewall spacer 111, or at least one
sidewall spacer if more than one sidewall spacer is present, may be removed from the gate
electrode 105 before forming the stress-inducing layer.

30

Figure 2 shows an altemative embodiment of a spacer structure 107 which may be
formed instead of the single sidewall spacer 111 of the semiconductor device 100 shown in
Figure 1H. According to other illustrative embodiments, the spacer structures 107 may

comprise, in the depicted stage of manufacturing, an offset spacer 108 which may be
17
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material, such as silicon dioxide. The offset spacer 108, if
required, may be formed by depositing and/or oxidizing the device 100

and ani sot gQpieeadok}7r enovi ng hori zontal portions of the@yesodsesf or m
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conpri ses [ i S | al t i S
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gate e:c e@kl’eﬁfjhealdl%the \gidehala of ferdarosié@ddode pO3 Eﬁ(bﬁls@mr&;m‘ﬂes‘lg patti@nthading
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o addPbRERA L pE PR FERPIAES e BRECE Y S RO 03 i ¢
and sour Gehidegifosveldidin ahl@osP@fiond 112 BRYfokifed aTdiREquehtlya il Glagkt10bC
material that may exhibit a significant 15 etch selectivity w

. y, with
respect tRAYAEEOBIdarekas contormdlly farmesklinener sepesbdhe shorr fvhjstetybgpotiplly
spegi fi C BhEPohRGbRE: FRp@SS IR ARG e $64, 86 ¥ iR poRfontdEending
spacer 111 while substantially maintaining the spacer 109. For
exanpl e, algng@rhartdf thesdrpigapg souserpsaione hi2, theprdy semfasingrane of mpregrdivenal
spacer 1 CORPL [ lld&ptg Laxide leb&nt N one or nore
spacers %ﬁﬁéﬁg;?g@ con%%tléggfa&%lfqglk ico%gr?i tdrnl dgl.‘erggB\[}er, ot her
regimes for the spacers 109 and 20 111 nay be contenpl ated. For
i nstance, in il ust i 'Fﬁq; : - : 09
may be conpri gggg%fe'érsllllli"@nﬁeﬁgwﬂ?c@%\?ﬁc e t?{%ﬁa}sﬂgﬁ;feﬂ?p%ﬁg‘ﬁggﬂgﬁkﬁ
f olfred ofetchiskiectontydvidwiespect 1§ e didadtior materislpd derspa@o 10fin iew Hox sedifiby

initially, depositing an rgpriate 2 Lelectr] eri ..such. as
Si1 i con SBRraR e PnBPERAR Bl AP hE EE 11T ML bRl Rl
f ashi on, taintigshidsggeredd. yFar &uantpherin spadéasihtiwemmbollonent, gt amefermaal or

silicon nitride |ayer  nmay be deposited on,.the basis of

wel | - est dntensEapaFeicio8 oty e rompRedpplcsson iyl Whs e ong fr gppup goacers
not ed, thalaeyasi doh@ﬁlseﬁlad’faﬂﬁtbﬁhgridm (rj Ha-ge\tekd]emfea;dgaﬁésdbr dfg spivers 109 and
correspondin acer er e adjusted .such that g desire

oRar ont 0t ray SR mataly R Vet 4 ot T aigs rahod gt the E-shaped
Prior to spier 169aig/beWonPeEReassft dilgdn Gitrid€ Spiafet thy Spdeer 1 110M3y O fofted of
spacer structure 107, a further inplantation process may be perforned
in order SlE°BBIXIdR the required lateral dopant profile in the drain
and source regions 112. WD 2009/ 005787PCT/ US2008/ 008152

The conformal spacer 109 may be formed by initially depositing an appropriate

25 dielectric material, such as silicon dioxide, with the specified thickness in a highly
conformal fashion, and subsequently a further spacer layer, for instance a silicon nitride

layer, may be deposited on the basis of well-established recipes, such as PECVD, wherein,

as previously noted, the deposition parameters during the formation of the corresponding

spacer layer may be adjusted such that a desired inherent stress is created in the layer 109 as

30 deposited.

Prior to the removal or deposition of respective portions of the spacer structure 107,
a further implantation process may be performed in order to obtain the required lateral

dopant profile in the drain and source regions 112.
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Figure 3 shows an alternative enbodi ment of a sem conductor device
havi ng a stress-inducing |layer 117, 118 formed over the transistor
110. The spacer structure 107 of the transistor 110 shown in Figure 3
has been fpaRdisgaccordance with the spacer 5 strugtpiSaeReH: bed
with respect to Figure 1H, except that the sidewall spacer 111 has
been renoved prior to the formation of the stress-inducing |ayer 117,
118. The transistor shown in Figure 3 may be, for exanple, an NMOS
transistor. Iﬂégm:ceﬁ ghbers \aar dlisustisd mesdinsntedph (sgmt;tomhlytobelevjwfrmgjug ed
to nduc e str i.n the channe e 13. 10 [

and a5 1eenseRare S 0Pl S R AR B SRR st R

st I’ﬂ.l n ithe ttﬂfaesm&amr[ebhcrvagimmhghﬂe%masabesm-fsxaiehad att:asreaﬁ:efrmﬂﬁnrmezqtamn
techni que. Figure 4A shows t etran st or 0,in nuf act.yr,in
tdge. ¢ s UERGHDER AB S Pet (R E ey et PG e GRAL RS 11 e Be

1G excepembbaltprich® $it danalibn S08E ek s-1aihcina e DEEN 1 1% MM hnsibidr shown
accordance wt h one illustrative enbodi nent, a cover |ayer 143 is

formed dOefiBYRe MY RendPic &Y, iny E‘M%éra?tsﬁmby Hgneeo s VRIARYE pStressors
deposi t | Qihl6e@efgDe Ltigufedde inddcd ENREBRES fhe cHiRIGOYER 11 RYer 143
may be sel'ectively deposited, e.g., by enploying an appropriate
maski ng and etching regine. According to other illustrative

erfgodi ment s, ¢ oVl 4Bam%£ua1e4§fmxr Qﬁoo‘a'h{?éﬁ't Qﬁéitagﬂﬁﬁ%i‘é‘es%@itﬁam in
transistor 11 After deposition of the cover
pre- armrtphplzaeuehrmg@rohléi lzs@ssoafraéle@ﬁtnféah@dwnm@almopmnm sFigyrdal shags te
acconpa y r g
1365 nEE R B R WM EINE BT Rl I REMRR AR,
of the mhewanmrﬁghmedGr@@ﬂmn®at13& sidewally smwnl@alhlng@veabtteanmﬂoee(st rlass
devel ops_i.n neale |on 1 du e.S |n | t he
channel arcg%rl ongﬂ'gh o ! HS“%E b%bﬂa:)%‘epgt o%d e?ha@fer?‘he co(?er ayer 43
hds to tmufceddmdr@mnasu by ha:\zmraayeanwcrsmbn @tc&estlﬂe,%g re?E@szpIe«;esk.e
to withst,and th rﬁgses @ved vvlth neal g 25 t he
pr e- anor phi Z8§" @55& 36° %&‘-'alkynﬁepf% né«’»ﬁ PSR ¥‘P%ea“e?ﬂ5’6‘?ff‘ﬂ‘§nt,
t he covemaslkafg%d k&Bnnigs-egambnat&c@ﬁmgltd: bmenxllnsttatnvdembodlments the ghieeladd
shows the sem conduct or 00 in er .advance
out act (P Y 66 AgegopE e Rbokosiond i ANe ISt ARG B e laver

regi ons ﬂ436melpte-£ra@pmanre§mmd36 Retanfdated. muﬂtyrmﬁ&nh@ahﬁglnsica@hﬁ)@tddy
preserved, | rized," even after renoval of the cover |ayer

148, Th ebyraevﬂ&\va? f@%l%ﬁf {hs @recaueRphized Biopd J6-bRineehs FYAT Er M%‘ﬁaﬁofrrng
on the nALGKI Rliucef, al MAnERY OF uiee;y@amaﬁﬁ%megqm& Qw\e&rkrrgea%@mngsah@ﬂs@t ch

t echni ques for t he respective cover ci/ mat er i al
2009100578 ¥RETFoERTob? euBllsd regions 13€w uging Wetel&ﬁw@afwhfhe@h@awl region

i1l ustragjisvey mgﬂbmme%t&aw&a;hﬁ@em@%%a n@,%awté Be ¥Rl 8D 9@ td Rav@ an

single transistor, it should be understood that a sem conduct or
devi ce mmprtweééﬁqﬁrrp%%@ca igh U avithsiang thet sirgssss gvelved withdhgyprnealingt§f of

t K3nsi Sttﬁé ?re%yq ze(afre%/g'r?s I%@rrﬁfct:(grﬁﬁ]@té Bxﬁé lllﬁﬁﬁqﬁve &nlgzdimé?lft tflpgover layer

N—chann ransistor type or annel transistor
5Accor di Hg is fproedefrsilicoh ogtideat i ve enbodi nents, the plurali ty of
transi stors include P-channel

Figure 4B shows the semiconductor device 100 in a further advanced manufacturing

stage, after the annealing of the pre-amorphized regions 136. It has been found that the

30 stress is substantially preserved, i.e., “memorized,” even after removal of the cover layer
143. The removal 145 of the cover layer may be carried out depending on the material of

the cover layer according to well-established etch techniques for the respective cover layer

material.
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transistors as well as N-channel transistors. Figure 5 shows a
sem conductor device 200 in accordance with illustrative enbodi nents
of the present subject matter. The sem conductor device 200 conpri ses

N-channel wiholdiaggt stors as well as P-channel transi W{gzgoﬁ,@mgzdi ng
to one illustrative enbodi nent, the substrate 101 conprises gate

el ect rodes 105t tﬁgﬁw@ﬁhﬁi@m%c& SOl A, B8O it

t ransi st or e- anor phi zation | Ing materi al
132 over rdfhencgab e seﬂgwane:dtes mffhﬁuidﬂaemheerstbctcthet 4 seamjnéumr detBn usnaty

the P-type tranS| 0 Str

transi st SPEPBED R P TE)‘S’ 8?2"%%0‘& e ﬁléa%g% gé{?ﬁsnlaayst gtgoef the SAME At
COr r espondssidiér tyhe etganbff @etwbhangelatzalgletoeiypbhe &rtaenm(:hmml ﬂrﬁﬁkzssd?(lm | n
Figure 1E, the det of whic ndth fac ure.of whic e no
ot ed ARBIEEI oD GBI SeR SEBSAnE RUTERG TP S FERme

110p nay yhamidiels aRdell B RGeMndPRGEistkd h at | east one of the
above-nentioned illustrative enbodi nents di scussed with reference to

Figures 1A-4B. 20l n accordance with other illustrative enbodi nents,

the pre-anor phisaaty Mws AREARLnAUCKRS HbNE: 20 B at@rdsh32whiB 1lﬂ@¥rati\‘éremb‘adl-
over the gate eI ectrodes 105 of all the transistors 110 of

senmi condirenisrof dles/pregent pilyect ganer Beremgonduchydeviss 29%0&'%%% Psehgpae! of
a gen CoRdiGh QK ge\ég%p Jhamei t}e{s;smg A8 ccdrdlfe af&eaenygtam@%b&ﬁmmpéh@nt

bl ocki ng nateri a is selectively forned over part of the gate
el ect r odesbsghtcal (e poropnirgs catsr eldetvddee . 10AcHortiMhghanpelohignsisis 110n and a

illustra t

mat ori ol TS9O 10p I8y e ERCARIAR BTBIERGHAGEL T v
wher eas ttﬁeegagebbcteideetmﬁ)@ésr,heoﬁ tﬂbmartsrsmnﬁilgn and tizr B-t¥pedeansitor Hé0p, as
pr €- anor pl?usfrz?tt in F1 e ? ml‘he kr gslfs'torg 1 f qutlpﬂareld’%ﬁ:c ed i in a manuffac't:drgllé s?a%e

6A-6C i | ['US rocess sequence fire™s
sen$ conduici omﬁﬁd&isltc ¢he3QBufdvanringridghef fredsampisop ﬂ]l(}z gltomanini Hiplrank, the

bl ocki ng mat er 32 sele ivel d ov r of t

ol ect r oqdBagT of AuidiAnd SnE FERGRUE, It uRish e RPeRBch e ;1P SHBIE vy
sem Conduﬁﬂ@ﬂoﬁﬁlﬁht&&e ﬁﬁ}ﬁls&ﬁanOns E)pansledbmaidén d@0rdaasd wigh & least one of
sem conduc

i ol oot 1 1 PayeTiaRd eSS oesrab PETharroSoTH) GoRss s FEues FA4B.
20 In accordance with other illustrative embodiments, the pre-amorphization implant
blocking material 132 is not formed over the gate clectrodes 105 of all the transistors 110 of
a semiconductor device, but rather over only part of the transistors of a semiconductor
device. In other words, the pre-amorphization implant blocking material 132 is selectively
formed over part of the gate electrodes of a semiconductor device. According to one
25 illustrative embodiment, the pre-amorphization implant blocking material 132 is formed
over the gate electrodes of NMOS transistors, whereas the gate electrodes of PMOS

transistors are free of the pre-amorphization impiant blocking material 132.

Figures 6A-6C illustrate a process sequence for the manufacture of a semiconductor
30 device 300 wherein the pre-amorphization implant blocking material 132 is selectively

formed over part of the gate electrodes of the semiconductor device 300.

Figure 6A shows a semiconductor device 300 comprises a substrate 100 having a

semiconductor layer 103. The semiconductor device 300 comprises a dielectric layer 106A
20



above the sem conductor |ayer 103. Above the sem conductor |ayer
106A, a gate electrode material |ayer 105A is fornmed. The gate
el ectrode naterial layer 105A is covered with the pre-anorphization

i npl ant bl\pgkiogesimt erial 132. The above-described napefizgdossand:
| ayers of the sem conductor device 300 correspond to the respective

mat eri al 0
devi ce %89@%8%%?%'? gﬁﬁ ?a ﬁﬁ bf?big‘%%%% ["ﬂ"e cfmsﬁ g ofe?%/vﬁ?c

i's not rmpea&lé@ehé@fex is formed Thi gatselkcoodwinateoal laisevil@,‘iaﬁ 800veredpithses a
first re|o erein a fi.st tran or110n is f ormed and
a second”t &gt 8’ 'Zf T KRR blo%kl%(%aﬁe 'af r@%srg of vaélest":r%gg & ?‘3e”r£%0£m‘fl
formed. lagert betikei sesicondgiconledibé) 300 hﬁ'rq&paadimlhp h’ﬂspmwo matanialsaant! layers

bl Qcki ng, material, 132 is partial covere sk 1

hat or eoieaREh it e 5 SeiniSprcelep e P bsbut ingpirs [ A S aa *
gat e el egt de@depi@n drh@idhiik dt régeadhekor. I n the second region 151, the
pr eanor phi zati on i nplant bl ocking | ayer 132 is uncovered. The mask
133A may be formed according to well-established techni ques, wherein
the material g stRARoARSIOr USViIGEIOCORPribR alitst BAYE150 WRPEN QUGS transistor
selectivity with regard to the pre-anorphization inplant blocking

mat er i al 11P8ds to be formeq gnd pseappd segion bof heresna sacprd wxpiskasd 10p is to'be
Prig- amor RRL&AL iPMhe AR @Bbn B50.CHKE e m&%ﬁfzé’tlionlr%%ldn§ bRELIRE haX&laY 132 is
renoved by an etch proceéss 154, whereas the pre-anorphization inplant
20 bl ockwardplyeorerpd vith 3 mask 18h 44 r-'sphfrt@rgsiewr 2 5ardi massnioylefag thiedaiprpl
renoved t Of 51t

pre- am)r‘gﬁl Iﬁgﬁsg%rf%h %ant @Foag%enmha&t%@gﬁ%?% tgg gfe&r ke’%ﬁje ISl EfellggA
The r erroarmrpmfzattohemplaet blndnmlazatiﬁns vl vared. thocﬂKaShg3Mtneryrlwl fofigal
exposes fh at I a I ng
o 133% &d% 6 v‘?efrF{sLaVbP&l%d ”&@&Buéé dh@%g{ %légﬁﬁ%yﬁf‘h*e 13?15% %%elg% d
rdgi on B¢ argsod archmsdectviey with ecggait te ted petamodhizaborainmgrdna bloklkbiye matkdibiA
of the sg%ond regi on 151. Fi gure 68 shows the sem conduct or
device 300°in a further advanced nmanufacturing stage, wherein the
exposed portions of the pre-anorphization inplant blocking materi al
132 have bee rem)ve fromthe ate Iectrod mat er i 105A and
the Tor mar: ofngie FHEgREEn deh i osrdane pogutiznon et biiShe gRga=d 51
has beeniosptiedi@dly rtlaowed bytathcﬁQerzufﬁi}méﬂeﬂQﬂls b@g@n&f)hlrzmm implant
sem conduct or devi.ce i IS char terr zed b maski ng

0 _Fi
| &ers |¥8King @3‘8“%2 Mffrﬂ‘e‘%glﬁg 18 {50y Bi‘ff‘? d’é“’Pﬁedt I%X‘F \Flég‘tpf?‘@&i on

150 and {3aenseeandy ﬁﬂgioﬂfbnl)'l_’ the gresRBRhiMEbY impTilt blbeKing RRtABEB Y Bider
first masking Iager 3A and the gate el ectrode material |ayer 105A

i s | ocat '8 mask la 8. afs pioyal Ploiel RIpRERIPIEIABK iR aelledking mfezal 132

wher eas &3 8BdZaAt hakHaMmRlantosRl ek rhggar@ae%h@lmésﬁazsﬁ chaf ed
WO 2009/ 0 5787P / US2008/ 008152 bet ween the second maski ng

and the @aseneypeap Sgenirktlép Al healjist regpnA 30 f?rﬁed@aﬁmmae@te eﬁgode
st;age Shﬂ%ﬂél@eg’é ‘,,fe ﬁﬁ e seebifl o ggrﬂﬁl masking | ayer 133B in the second
rect

region 151 1I's ocated on the gate electrode material |ayer
105A. 5Subsedtigue b§ shmwwhgmc@deepr daress 3005 adrtheradvinged manyfpgtuting

maski ng Jt@é?&rhelrgl?l'ﬁwa&gosed portions of the pre-amorphization implant blocking material 132
have been removed from the gate electrode material layer 105A and the formation of the
gate defining mask 133B in the second region 151 has been completed. Hence, the

30 manufacturing stage of the semiconductor device 300 in Figure 6B is characterized by two
masking layers 133A, 133B which define the gate electrode in the first region 150 and the
second region 151, respectively. Further, between the first masking layer 133A and the
gate electrode material layer 105A is located the pre-amorphization implant blocking

material 132, whereas no pre-amorphization implant blocking material 132 is located
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t he second masking | ayer 133B nay be provided by perform ng an

ani sotropi c etch process 134 which renoves the exposed portions of
the gate electrode material |ayer 105A. The ani sotropic etch process
134 may bewaenbhossred i n accordance with the detail s dimalwa@dowiih
regard to Figure 18. Thereafter, the masking | ayer 133A and the

maski ng |bayeken i23BcontiGnAking 188DVBS Mmd thdigatbasiidomawehl lagstiabAi shad

t echni ques as di scl osed wth regard to Figure 1B. Acco 0 one

i |1 ust r atRAPESEEBEiSRER showh ﬁ‘ﬁ‘é’l@l ‘ﬁ%?@%“‘igé‘ *%H’yﬁb%ﬁagﬂﬁ‘ﬁgfe?cﬁ?er
133B arerégfi&pl/ﬁhkﬁlrw,ﬂ%hoéa&ﬁ &@E@gaﬁ@&&ﬁb%’ﬂmteﬂa}aa)&k nggse step. For
exanple, an identical material may be used for formng the first
masking | ayer 133A and the second masking layer 1338. This results in
a sem conduct @ﬁbs@@ﬂénﬁ? tﬁQ%atEQIEE{rbtﬁek rig5 Befideti Yy thel Rest mAfkPSiaPér 138 A%nd
respective manufacturing Stage, the first transistor having a gate
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110n and the,secand transi st res . Lth irs .
{fanst ot dB. TAGEGRE fhiro Dt e LPRImaR, Pea™Shk tueh 1k aid the masking
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and a gate el ectrode 105 free _or_supst i all of

oo Aoy DG UGS biret o GRETRART PEnarSting T T0L Y S ibe second

sem condugisRingd@ydrC 33800 THANREHIEEH § QdintdhlioRdr NdeivRE1 3V0Scokdptisigi £ Hiratr e
at least in part pre-anprphized and a gate_el ectrode 105 which is at

| edSt i n YRAFIBOpHE2 FFFBFGHNE Feguiacturing S‘R%‘gé%f‘ﬁ@ AR 1A VIRR S BE FlsET

the sem c@pdueheh plexh&phizlon ;ﬁ?fantfmacs&ngtﬁﬁ%ﬁlagprané&Qéboﬁayraﬂseﬂ@nalal y
be processed as tﬁe tran5| stor 110 described above with regard to 30

Fi gures IFaspagiveTheubskiing stagarile sacepd Tamistargy Oy badngg gife Bl@ctﬁ?(@cf&es@d
as the tran &gsh%ggagoggﬁﬁm%qkﬁg%gﬂm jd» regard to Figures |A-48,
npl

except that” no pre-anorphization I ant bl ocking material 132 has to
be renoved. However, it is to be understood that process sequences

whhgh are carp gﬁgﬁﬁ’@ hdWbs Qé&n:?&htﬁhcg& deDRe BYRinld ﬁﬁﬁér%&%éed]rﬂ%{lvfa 9%

require maskin e ot er o two transistors 110n

by a photsm.gesw@trelrr&mre VB BN OOBIGTHEH HeSLEa00s yEing prg-amurphized

mask. Furt her I, d 0 [ t .gues

whi ch requ%lons’ essf G he‘%lattl eﬁmpﬁx‘hg%rﬁg@ | d’qﬁg%éé%xg{gtr?&%@ﬁ@kaﬁ%?g%sw’

rret al si Ithe fieke txrassgstmn’sl()nmmhe aﬂfrmctﬁrmiunted dé\rwsﬁot)maynlimeﬂ wurelirof regpdml t
silici

metal sui Pad LT ol G pbpae Rl a8 TR eSS BpkbletIRLE6®
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Regarding further processing of the semiconductor device 300, the first transistor

110n may generally be processed as the transistor 110 described above with regard to

30 Figures 1A-4B. The second transistor 110p may generally be processed as the transistor

110 described above with regard to Figures 1A-4B, except that no pre-amorphization

implant blocking material 132 has to be removed. However, it is to be understood that

process sequences which are carried out on only one of the two transistors 110n, 110p

require masking of the other of the two transistors 110n, 110p, e.g., by a photoresist mask
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10 In accordance with well-established techniques, difference
in nmetal suicides for NMOS and PMOS transi stors may al so be used for
bal anci ng any asymetry in the device behavior of the first and
second traRg SboapsAdevi ces 110p, 110n due to the differ@nas:2608008152
conductivity of, for instance, nickel silicide with respect to cobalt
silici degor WHaROM@Sk, Burlter, HANDh GRayObc preforinyP 6§ rébediit abchgighéscvhieh
may be consi dered appropriate, when significant anounts of other

sem condaeause lesneleyated techniquesif 8@ ani um carbon and the |ike, may
be present in the gate el ectrode 105 and/or the drain and source
regions 112. According to one illustrative enbodi nent, the
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trench isolatipn. I|n.other enbodinents, the transistors 110p and 110n
may repré%’&ﬁ?ncfuﬂ'?ﬁg?vé‘i ors provided in different die regions forned on
thqaosubstrate 101. 30In surmary, a technique is presented which
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transferring a "WO 2009/ 005787PCT/ US2008/ 008152 stress into the
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el ectrodes which are to be prevented from bei ng pre-anorphi zed. The
pre- 5 anorphization inplant blocking material nmay be patterned
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for t he rsemjrenductoe doticcKiOnga BM(EnraimstoAccor ding to i I I ustrative
enbodi nents, the blocking material may be silicon oxygen nitrogen
(SION) or silicon nitride. Application of the inventive

It should further be appreciated that the first transistor 110p and the second

transistor 110n may be formed in close proximity to each other, wherein a corresponding
25 isolation structure (not shown) may be provided, as is typically provided in sophisticated
applications, in the form of a shallow trench isolation. In other embodiments, the
transistors 110p and 110n may represent transistors provided in different die regions

formed on the substrate 101.

30 In summary, a technique is presented which provides for a pre-amorphization of
source/drain regions of a transistor while preventing pre-amorphization of a gate electrode
of the transistor. According to illustrative embodiments, the pre-amorphization provides
benefits in regard to the formation of a desired dopant profile of a source/drain region.

According to illustrative embodiments, the stress transfer mechanism of transferring a
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10 technique has been illustrated for single transistors as well as
for a plurality of transistors, for a single type of transistors as
well as for different types of transistors. Various stressors

for induci 4@ Reesloéass i n the channel region of a transicghRseldses:been
di scussed and are well established in the art. According to
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source/drain regions of the transistor. Depending on the composition and the elements
used, compressive stresses, as well as tensile stresses, may be induced in the channel
25 region. According to illustrative embodiments, a stress-inducing layer may be formed over
the respective transistors, wherein the stress-inducing layer may be, for example, a
dielectric contact layer or an etch stop layer. Other illustrative embodiments employ a stress
memorization technique wherein an intrinsic stress is developed and memorized in
source/drain regions by annealing the pre-amorphized regions under a cover layer that is

30 capable of resisting at least part of the stresses developing during annealing.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled

in the art having the benefit of the teachings herein. For example, the process steps set
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What is clainmed: 1. A nethod, conprising: providing a substrate;
said substrate having a gate electrode of a transistor with a
pre-anor phi zation inplant blocking material over said gate el ectrode;

sai d subst wpab fRedivdgng source/ drain regions of said transhshakoisist
are free of said pre-anorphization inplant blocking nmaterial;

subj ect i Fght$ absheS MRy e ApSfohed P aCaRERAP Biat i QiAo PHAGRSS L
t hereby preanorphize at | east part of said source/drain regions while

bl ocki ng ifgnded ¢athe detpidscal corrrutiomarsigsien herein shoytp ietheathirnas daseribgddn the
process .05l phod @tqyﬁ{eréf@r)é%{udgﬁ&%at%ﬁé %a:ﬁ&lllgr%ﬁ‘{bgﬁ jeBts éﬁsglogéhsabove may
perform ng an anneal i ng process on said pre- armrp I zed region

wher ei n daialiered pemotiifigé and sl adhgaedmmw@un@rai wohinriee &Immgel sphritgdi d
pr e; anor g i L in

G i covelt PEhbE PhORRUANG dOn STy PR Hlth OSSRy AR JAIRULPR
claim1l1, wherein providing said substrate corrprl ses: providing said
substrate having a gate insulating | ayer; formng said gate

el ectrode material |ayer over said gate insulating |ayer; formng

sai d pre-anorphization inplant blocking material over said gate

el ectrode material |ayer; and patterning said pre-anorphization
i npl ant bl ocking material and said gate electrode material |ayer so
as to provide said gate el ectrode with said pre-anorphization inplant
bl ocki ng material over said gate electrode. 3. The nethod of claim
2, wherein patterning said pre-anorphization inplant
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bl ocki ng material conprises: formng a mask over said

pre- anor phi zati on i npl ant bl ocking material, said mask being
posi ti oned above said gate el ectrode; and renovi ng said

pre- anor phi zati on i npl ant bl ocking material and said gate el ectrode
material |ayer in regions not covered by said nmask so as to provide
said gate el ectrode with said pre-anorphization inplant bl ocking
materi al over said gate el ectrode and said mask over said

pr e- anor phi 24w teldimpd:ant bl ocking material. 4. The nethod of claim
1, further conprising: i npl anting a dopant in said at |east
partially pre-anorphized source/drain regions; and annealing said
sour ce/ dr ai ih. r egAomshod; confpresimet hod of claim4, further conprising:

removi ng said pre-anorphization inplant blocking material; and
forming a netal @PV%@W&E“@%E?QeaCh of said source/drain regions and

sai d gate el ectr@qglesubstate BrengRENOEletode bah Madsistdrunittheprecaimpptii sdtiog
formng a sidewall spacer at sidewalls of said gate el ectrode after

subj ecti ng yeplentdigskingapaeriad ogerspid galwstsshP%ati on inplant. 7. The
met hod of clai m &;; whehgk Ha\fifi’ééﬂufblg/di?aﬁhpe rdONElid 1 SRARG thdt B! LS said

formng a sidewall spacer material [ayer over said gate electrode;
and perefaprarphigaton implagtblodpigmaleed; process to ani sotropically
etch said sidewall acer. ayer

ci doval 5 spacer “iRGREr T SR Gs e mRSFom Dl O p PR S
materi al i samerphized: Ryst pait of id SREdeQPAIC rai@R whilobRSEIng said gate electrode
from said pre-amorphization implant process forming a cover layer over said source/drain
regions;
performing an annealing process on said pre-amorphized regions, wherein said
cover layer is adapted to reduce a volume change of said pre-amorphized regions due to

said annealing process; and

removing said cover layer from said source/drain regions.

2. The method of claim 1, wherein providing said substrate comprises:

providing said substrate having a gate insulating layer;

forming said gate electrode material layer over said gate insulating layer;

forming said pre-amorphization implant blocking material over said gate
¢lectrode material layer; and

patterning said pre-amorphization implant blocking material and said gate
electrode material layer so as to provide said gate electrode with said pre-amorphization

implant blocking material over said gate electrode.

3. The method of claim 2, wherein patterning said pre-amorphization implant
blocking material comprises:
forming a mask over said pre-amorphization implant blocking material, said mask

being positioned above said gate electrode; and

26



8. The method of claim®6, further conprising inplanting a dopant into
said source/drain regions and using said sidewall spacer as a mask
for generating a desired dopant profile in said source/drain regions.
9. The nethod of claim6, wherein the sidewall spacer is separated
fromsaid gate el ectrode and said source/drain region by an
internediate |liner. 10. The method of claim®6, said sidewall spacer
inducing an intrinsic stress in a channel region bel ow said  gate

el ectrode. 11. WH@VW§ﬁﬁ6@ﬁb@n@PﬁﬁﬁF@HmP&WfW@@“E%ﬁﬁ?ﬁéVﬁgSwgﬁﬁeng a
stress-i ndugl.ng, ik 3%e%iaPMGE: if Alefbrs nBNSvele@by sfilintheR 56 £58 phAiMCaliGate

| ayer inducing a stress in a channel regioh below said gate

el ectrode. elg@rod¥athreidipoetambrpblzation inplanphlecking maksiabeyes said Baie alerinele

| ayer is a diglectric contact |layer_ or an.et r. 13. The
ot hod of o Py Fr R s P h b Ear | spacer
fromsaid gate el ectrode before form ng said stress-inducing | ayer.
14. The nmethod of claiml wherz%ﬂ§§aid source/drain regions conprise

a stress-i nfluci therléEff‘%oﬁ%Wc]i’ TEYTRSY E channel region of said
transistor bel owgt tiQQB@o?Jn?ﬁlt daRPg -lea_stlp'?ﬁrtia-ﬁ%rér@ﬁibﬂﬁiz@&&Qﬁ'&yd?ﬁntr%ions;

claim1l1, wherein sald Substrate conprises gate el ectrodes of an

type transi sadmngriong seip sowrpeddiapragiost.or, with said pre-anor phi zati on
i npl ant bl ocking material over said gate el ectrodes of said N type
transi stor and said P type transistor. 16. The nethod according to
claim 1, wherei nThesmttodal daigl £ dinledeommisngat e el ectrode of a first

transistor; said source/drain regjons bein ource/ drajn regions of a
first transistor*moving salg HrHATHY Fﬁﬁﬁﬁnﬁgﬁgh%mgnéﬁﬁg”gi8%{rode of a

Setcon_d lt ransi st oforflRdndif188icRfe S SheR LE MR ALrhia NediciRlaaa baibbasKi ng
mat eri al ;
electrode.

6. The method of claim 1, further comprising forming a sidewall spacer at sidewalls

of said gate electrode after subjecting said substrate to a pre-amorphization implant.

7. The method of claim 6, wherein forming said sidewall spacer includes:

forming a sidewall spacer material layer over said gate electrode; and

performing an anisotropic etch process to anisotropically etch said sidewall spacer
material layer in order to provide said sidewalls spacer, wherein said pre-amorphization

implant blocking material is removed by said anisotropic etch process.
8. The method of claim 6, further comprising implanting a dopant into said
source/drain regions and using said sidewall spacer as a mask for generating a desired

dopant profile in said source/drain regions,

9. The method of claim 6, wherein the sidewall spacer is separated from said gate

electrode and said source/drain region by an intermediate liner.
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sai d substrate having source/drain regions of said second transistor,
said source/drain regions of said second transistor being free of
sai d pre-anorphization inplant blocking material; and

subj ecting said substrate to a pre-anorphization inplant conprises
subj ecting said substrate to the pre-anorphization inplant to thereby
pre-anor phi ze at |east part of said source/drain regions of said
first transistor and said second transistor, pre-anorphize at |east
part of sai 0.gatEheanetbed elddainfo, saifl didewebygcdr irghisingtas AntHAYIC HEGShId n

said gate ey 519%%"(1)6761&%@%6%}88&% nsi stor without

pr e- anor phi zat'i on. tho claim 16, wherein one of said
first transistor and said second transistor is an N-type transistor

and the oth of,_ said first .transi,stor and id second.transistors is
2" type t 1 thsi stelnas i AR Ema e R o g RS §NE 18P e
pr e- amor phi Zid@arsRtr CRldit@kNind e ©RFerhduking Sitstraitn S eBaind! fepidn deldivasnk!
and a gate electrode of said second transistor while preventing

pr eanor phi z&at¢ gecteidea gate el ectrode of said first transistor. 19.
The nethod of claim®6, wherein said sidewall spacer is renoved prior
to form ng said cover layer. 20. A nethod, conprising: providing a
substrate; 12. Tleahdhedibbdlaiat B, Wheicinghastypas-indatiog tayotie agielegtric contact
transistor with a E{E-gnquhization i npl ant bl ocki ng material over
said gate el¥¢t¥BRECNSOPIYLAi g substrate having source/drain regions
of said transistor that are free of said pre-anorphization inplant

bl ocking materi al ; jecting said substrate to

; subj a
pr e- aror phi Yt i obhq metheghe! gaipcbls Surfhgr qopurisg rppedsqihiidevall shress diom

part of sai gaiégﬂé celfi R EHRANS Waish&shh@klkigngysai d gate el ectrode
from said pre-anorphization i nplant process; form ng a sidewal l

spacer at sidewalls of said gate electrode after subjecting said

substrate to, sai re:a hi zat i,on. | r : . nting
= dopant i nib” ea W BOR TR Araf AR QMR s sompri LR
spacer as aindldkg fegfondeMetqld Ngsea chasid agichafant tpnoftot elow tieajatt
source/draiq ne%ions;

ciectroqae.

15.  The method according to claim 1, wherein said substrate comprises gate
electrodes of an N type transistor and a P type transistor, with said pre-amorphization
implant blocking material over said gate electrodes of said N type transistor and said P

type transistor.

16.  The method according to claim 1, wherein:

said gate clectrode is a pate electrode of a first transistor;

said source/drain regions being source/drain regions of a first transistor;

said substrate having a gate electrode of a second transistor being free of said pre-
amorphization implant blocking material;

said substrate having source/drain regions of said second transistor, said
source/drain regions of said second transistor being free of said pre-amorphization

implant blocking material; and

28



removi ng said sidewall spacer fromsaid gate el ectrode; and

form ng a stress-inducing | ayer over said transistor after renoving
sai d sidewal | spacer, said stress-inducing |layer inducing a stress in
a channel region below said gate el ectrode. 21. The nmethod of claim
20, wherein providing said substrate conprises: providing said
substrate having a gate insulating |ayer; form ng said gate

el ectrode material, .|l ayer .over. sajd gate insul.ating |layer: form .
sai d pre- amor phi SRICERE PG TERFBl R ot Pa i Bga R gulec e said
el ectrode nafigtratako thaye-am@phization impat fohdtetgprsaitbrfiiiR-a8 reast paft patdidn
i mpl ant blockigg mat eri al and said gate el ectrode material |ayer so
as to provi a¥readraingegiansaf spf sy drapgister andisaidspeond YBnsisips B WROPIHAET Hnt

bl ocki ng maijgkiml oPYRA pRBbRcEREDT §li€ ScbAd §ansistd and Midhh BAd o AE cL@bd
21, wherein patterning said pre-anorphizat on inplant blocking

mat eri al coapydidist transistor wWithewtipigramorphigRti@ver sai d pre- anor phi zat i on

i npl ant bl ocking material, said mask bei ng positioned above said gate
el ectrode; and renovi ng sai d pre-anorphization inplant bl ocking
mat eri al and7.sai thgathodbidiimode witatear oralof kAl difst ittangi oy and Said @écond

covered by said mask so as to, provjde said electrode, wth said

pr e- amor phi Z425%Y 1§ "?fbﬁéﬁl?e tlﬁ“ﬁ‘é&? ﬁ‘b‘! tg‘ﬁf’éﬁef of S%g{éﬁt Lansigtoy é‘idesalﬂt ¥t ode
and sai d magknQ¥Qs issA-tpRL8ngdt®Y, phi zati on i nplant bl ocking material .
23. The nethod of claim 20, further conprising annealing said

source/drain regions after inplanting said dopant.
18. A method, comprising selectively pre-amorphizing source/drain regions of first

and second transistors and a gate electrode of said second transistor while preventing pre-

amorphization of a gate electrode of said first transistor.

19.  The method of claim 6, wherein said sidewall spacer is removed prior to forming

said cover layer.

20. A method, comprising:

providing a substrate;

said substrate having a gate electrode of a transistor with a pre-amorphization
implant blocking material over said gate electrode;

said substrate having source/drain regions of said transistor that are free of said
pre-amorphization implant blocking material;

subjecting said substrate to a pre-amorphization implant process to thereby pre-
amorphize at least part of said source/drain regions while blocking said gate electrode
from said pre-amorphization implant process;

forming a sidewall spacer at sidewalls of said gate electrode after subjecting said
substrate to said pre-amorphization implant process;

implanting a dopant into said source/drain regions and using said sidewall spacer
as a mask for generating a desired dopant profile in said source/drain regions;

removing said sidewall spacer from said gate electrode; and
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24. The nmethod of claim 23, further conprising: renoving said

pr e- anor phi zati on i npl ant bl ocking material; and formng a
nmetal suicide over each of said source/drain regions and said gate
el ectrode. 25. The nethod of claim 20, wherein form ng said sidewall
spacer includes: formng a sidewall spacer material |ayer over said
gate el ectrode; and perform ng an ani sotropic etch process to

ani sotropical ly f@xtnﬁﬁg 8 s ALHBI1Ayes PRE id TRlsBidrfict RURN inRafdl iR lvafl O
provi de said sidewalTs spacer, wherein said pre-anorphlzaﬁlon I mpl ant

bl ocki ng neater.ghidisgessdndieent lpyerdedudingnisgesibprlianaelohgipn bdewsaid 26,
The net hod @f.,chai m 20, wherein the sidewall spacer is separated from
said gate el éctrode and said source/drain region by an internediate
liner. 27. The nmethod of claim 20, wherein the stress-inducing |ayer

is a dielectric. contact |layer aor an etch stop.|ayer. 28..A nethod,
compri s ng 2 TGl Rl BonbiraeirBip Ry byt
el ectrode and fkasﬁdiﬁ%kbﬁ@@mfr@cbﬁaﬁﬁ@aga@;n@maaﬂgllapég transistor, said
first gate el ectrode having a pre-anoafhlzatlon I npl ant bl ocki ng

mat eri al for med [eERgstrbgae clsefrelednaierial lyer dvar safrbgate ngpating lavpra
second gate ele S I nal n- 1L.OF . ond
transi stor; and%mggesag%grfe %?ﬂgzﬁggrl@ﬂ g%o%cﬁln{%:r?%tgﬂrl}ﬁ io?}pé@rlsgqutsg% %r ocess
on sai d subddctrajembtorigraanomdhi ze sai d second gate el ectrode and at

| east part of said first. .and secpnd.saurce/dragi.n regi.ons, erein

S i ol ant bi GATHGE S R uRo BRGSO SUH SeB o
first gate opdca6dd @aerial 1A% sd BetoPREI@Kk RS gaed AddodSwithREH SlddahpBizhtidnst

transistor is an N-type transistor and said second transistor is a
P-type tr angpnphlocking material over said gate electrode.

22, The method of claim 21, wherein patterning said pre-amorphization implant
blocking material comprises:

forming a mask over said pre-amorphization implant blocking material, said mask
being positioned above said gate electrode; and

removing said pre-amorphization implant blocking material and said gate
electrode material layer in regions not covered by said mask so as to provide said gate
electrode with said pre-amorphization implant blocking material over said gate electrode

and said mask over said pre-amorphization implant blocking material.

23, The method of claim 20, further comprising annealing said source/drain regions

after implanting said dopant.
24, The method of claim 23, further comprising:
removing said pre-amorphization implant blocking material; and
forming a metal silicide over each of said source/drain regions and said gate

clectrode.

25.  The method of claim 20, wherein forming said sidewall spacer includes:
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30. A sem conductor device fabricated by the nethod according to
claims 1 to 27. 31. A substrate conpri sing: a first gate
el ectrode and first source/drain regions of a first transistor, said
first gate el ectrode having a pre-anorphization inplant blocking
materi al fornmed thereabove; a second gate el ectrode and second
source/drain regions of a second transistor wherein,; sai d

second gate el eqihpde, aBdval sph&R ot fayQlovelafh Sdid Siketag sgeond

s .
source/drain regions are subjected to a pre-annl%tlzatlon I mpl ant
process, wher ei pederindng ampingsetropic gtckipnagesred enisettopprady etvhsaid sidewall spacer

pre-anol ph'n%a%ﬁa? ﬂiyglf ins()?cieg tof Il)rg)\sritde 94 seldgxlvﬁﬁtsﬁe?c%g 'wherein said pre-amorphization

implant blocking material is removed by said anisotropic etch process.

26.  The method of claim 20, wherein the sidewall spacer is separated from said gate

electrode and said source/drain region by an intermediate liner.

27.  The method of claim 20, wherein the stress-inducing layer is a dielectric contact

layer or an etch stop layer.

28. A method, comprising:

providing a substrate comprising a first gate electrode and first source/drain
regions of a first transistor, said first gate electrode having a pre-amorphization implant
blocking material formed thereabove, said substrate further comprising a second gate
electrode and second source/drain regions of a second transistor; and

performing a pre-amorphization implant process on said substrate to pre-
amorphize said second gate electrode and at least part of said first and second
source/drain regions, wherein said implant blocking material prevents pre-amorphization

of said first gate electrode.

29.  The method of claim 28, wherein said first transistor is an N-type transistor and

said second transistor is a P-type transistor.
30. A semiconductor device fabricated by the method according to claims 1 to 27.

31. A substrate comprising;
a first gate electrode and first source/drain regions of a first transistor, said first
gate electrode having a pre-amorphization implant blocking material formed thereabove;
a second gate electrode and second source/drain regions of a second transistor

wherein;
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said second gate electrode and at least part of said first and second source/drain
regions are subjected to a pre-amorphization implant process, wherein said implant

blocking material prevents pre-amorphization of said first gate electrode.
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