1 SOURCE AND DRAIN ARCHI TECTURE | N AN ACTI VE REG ON OF A P- CHANNEL

TRANSI STOR BY TI LTED | MPLANTATI ON FI ELD OF THE DI SCLOSURE The present

di sclosure relates to the field of sem conductor nanufacturing, and nore
particularly to contact areas of transistors having a shallow drain and
source dopant profile. DESCRIPTI ON OF1{THE PRI OR ART Sem conduct or devi ces,
such as advanced integrated circuits, typically contain a | arge nunber of
circuit elements, such as transistors, capacitors, and the |ike, which are
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DESCRIPTION OF THE PRIOR ART

Semiconductor devices, such as advanced integrated circuits, typically contain a
large number of circuit elements, such as transistors, capacitors, and the like,
which are formed on an appropriate substrate having formed thereon a
crystalline semiconductor layer. Due to the large number of circuit elements and
the required complex layout of modern integrated circuits, the electrical
connections of the individual circuit elements may generally not be established
within the same level on which the circuit elements are manufactured, but require
one or more additional “wiring” layers, which are also referred to as metallization
layers. These metallization layers generally include metal-containing lines,
providing for the inner-level electrical connection, and also include a plurality of
inter-level connections, which are also referred to as “vias” that are filled with an
appropriate metal and provide for the electrical connection between two

neighboring stacked metallization layers.

To establish the connection of the circuit elements to the first metallization layer
an appropriate contact structure is provided that connects to a respective contact
region of a circuit element, such as a gate electrode and the drain/source regions
of field effect transistors, and to a respective metal line in the first metallization
layer. The vertical contact structure including a plurality of contacts or contact
plugs, is formed in an inter-layer dielectric material that encloses and passivates

the circuit elements.



To establish the connection of the circuit elenments to the first
netallization | ayer an appropriate contact structure is provided that
connects to a respective contact region of a circuit element, such as a
gate el ectrode and the drain/source régions of field effect transistors
and to a respective netal line in the first metallization |ayer. The
vertical contact structure including a plurality of contacts or contact
plugs, is formed in an inter-layer dielectric material that encloses and
passivates the circuit elements. 2 The continuing shrinkage of di nmensi ons
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wi th wgsy high dopant concentrations in the drain and source regi ons and
gate el ectrodes nay be used in view of reducing the overall series
resi stance of the individual circuit el enents. However, in order to further

reducqt RguRLbbeSHFIRSIAEANRSEt $br hRyhly scaled semiconductor devices, typically
electrical performance of the metallization system including the contact level has
a significant influence on the overall performance of the semiconductor device
due to parasitic capacitance and the parasitic resistivity of the metal features.
Consequently, in modern semiconductor devices, frequently highly conductive
metals, such as copper, and the like may be used in combination with dielectric
materials of reduced permittivity in order to restrict signal provocation delay
caused by the metallization system. On the other hand, in the device level a
reduction of the channel length of field effect transistors in combination with very
high dopant concentrations in the drain and source regions and gate electrodes
may be used in view of reducing the overall series resistance of the individual

circuit elements. However, in order to further reduce the series resistance of



transi stor devices and other circuit elenents in the device |level, the
resistivity of highly doped silicon based sem conductor areas is typically
reduced by incorporating an appropriate netal species, for instance in the
formof a netal silicide. The correspénding metal silicide may have a
reduced sheet resistivity conpared to even highly doped sem conduct or

mat eri als, and hence a respective manufacturing sequence is typically

i ncorporated in sophisticated process techniques in order to form
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plurality of active regions by neans of an isolation region 102, such as a
shal l ow trench isolation region conprised of silicon dioxide, silicon
nitride and the like. Furthernore, a gate el ectrode structure 160 is fornmed
on the active region 103 and extends also into the isolation region 102 as
may be required for connecting to other transistors and/or for allow ng the
reliable contacting of the gate el ectrode structure 160 by appropriate
contact elenents, as is also discussed above. As indicated above, the
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5 Figlb schematically illustrates a cross-sectional view taken along the
line Ib of Fig la. As illustrated, the isolation region 102 forned in a
sem conductor |ayer 103H nay significantly be recessed, as indicated by
102R, with respect to the active regi n 103. The degree of recessing 102R
may significantly depend on the process history of the transistor 150,
wherein in sophisticated applications the correspondi ng sidevvalls 103T nay
be represented by rather steep sidewalls, which may have a significant
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ther eQfny extends also into the isolation region 102 as may be required for connecting to other
transistors and/or for allowing the reliable contacting of the gate electrode structure 160
by appropriate contact elements, as is also discussed above. As indicated above, the
isolation region 102 may laterally delineate the active region 103, thereby defining
respective sidewalls 103S, which thus represent the boundaries of the active region 103
in a width direction, indicated as W. Similarly, in a length direction L sidewalls 103T
represent the boundaries of the active region 103, which in the illustrative embodiment

may have a substantially rectangular shape.



It should be appreciated that for conveni ence the gate el ectrode structure
160, which would actually not be visible in this section, is indicated in
dashed lines. The sem conductor device 100 as shown in Figs la - |Ic may be
formed on the basis of the followi ng Process strategies. The size, position
and shape of the active region 103 is determ ned by form ng the isolation
region 102, which nay be acconplished by applying well-established
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formed and further inplantation processes are typically applied so as to

i ncorporate further drain and source dopant species in order to formthe
regions 151D that appropriately connect to the extension regions 151E.
Simlarly, the depth of the concentration profile of the regions 151D is to
be reduced upon further



8 shrinking the overall transistor dinmensions. Thus, the depth of the areas
151D may be conparable or even |less than the degree of recessing 102r. Fig
1d schematically illustrates the device 100 in a further advanced

manuf acturing stage. As shown, a netaP silicide 166 is formed in the gate
el ectrode structure 160 and also a nmetal silicide 156 is forned in the
active region 103. As discussed above, typically the netal silicide regions
156 are provided so as to reduce the overall contact resistivity between
cont actheebetimenteagyi¢mot03s owm ¢rythalifeatiordci. nFig 1@t araymead actdihémstespage,
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sem conductor material arid the nickel silicide 156, extension of the netal
sui ci 156 into the remaining active region 103, ie. "shorting" the
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appropriately patterned on the basis of highly complex lithography techniques and etch
processes in order to form the gate electrode materials 161, 162 and the dielectric
materials 163, 164. A corresponding process sequence may comprise a plurality of
complex patterning processes in order to incorporate appropriate work function metal

species for the corresponding transistor type under consideration.

Furthermore, as discussed above, if the semiconductor alloy 103B is to be provided, for
instance when requiring a corresponding adaptation of the electronic characteristics, for
instance when providing sophisticated gate materials, the complex gate patterning
process is preceded by a process sequence in which an appropriate semiconductor alloy

is grown selectively on those active regions that require a corresponding adaptation of



That is, during the silicidation process typically an appropriate
refractory netal is deposited and is subsequently heat treated so as to
initiate silicon and netal diffusion. On the other hand, chem cal reaction
is substantially suppressed on any di électric surface areas. Consequently,

t he spacer structure 165 and the isolation region 102 nmay act as efficient
silicidation nmasks, while on the other hand the sidewalls 103T and 1038 (cf
Fig lc) are efficiently silicided, thereby formng the netal silicide 156
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provided in the drain and source regions 151. Frequently, in the vicinity of a channel
area 155 the depth of the concentration profile is to be selected less compared to the
depth of the concentration profile of “deep” drain and source regions 151D. To this end,
typically any drain and source extension regions 151E may be formed, for instance by
providing an appropriate offset spacer element (not shown) and incorporating drain and
source dopant species with an appropriate implantation energy and dose. Thereafter,
the spacer structure 165 may be formed and further implantation processes are typically
applied so as to incorporate further drain and source dopant species in order to form the
regions 151D that appropriately connect to the extension regions 151E. Similarly, the

depth of the concentration profile of the regions 151D is to be reduced upon further



Instead of increasing the inplantation dose the inplantation energy could
be increased in order to generate a nore honbgeneous dopant profile

t hroughout the depth of the drain and source regions. It turns out,

however, that significant increase of8the inplantation energy may not be
conpatible wwth the overall gate configuration, that is, undue dopant

i ncorporation into the channel region may occur upon increasing the

i npl antati on energy. An prom sing approach is described in the
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to the gate el ectrode sStructure.
though the metal silicide regions 156 may be embedded in the drain and source regions,

since current flow from contact elements to the transistor may preferably occur via the



One illustrative nmethod di sclosed herein conprises performng an

I npl antation process in the presence of a gate el ectrode structure so as to
i ntroduce drain and source dopant species through a first sidewall and a
second sidewal | of an 12 active regi 8n of a p-channel transistor of a

sem conductor device, wherein the active region is laterally enclosed by an
I solation region that is recessed with respect to the active regi on and
wherein the first and second sidewal|ls define a width of the active region.
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delineated by an isolation region that is recessed with respect to the
active region. The nmethod further conprises introducing drain and source

dopant Tisqew, eguringt ehd REicRRLIbN EploB8EL Ny RYaIRE R 8 HABEriAB fé?@c?d? ahben is
proces whi ch |n§clu des at eagt t wo '\t/fh |g?ent @ ? | es WI%h resp‘ect to

a nor rigrastteqd atngdgsﬁypﬁ%@nﬂi’ heé trgatedyeo p@@q) dﬁt'ﬁﬁdﬂl@@ﬂlamidmeiﬁlaﬂlfquﬂcs”t pl ane
that isnn@eBihet Chatnlae cth%ﬁw iSH" katorPlis tshlBst%ﬁ lélpesﬁﬁ&%g%&g%g gﬁ\{]a& ik 0 @

wi dth direction. ntation process onz varyi ng
i mpl antfdcermreay GOH@QWHV |‘thea"p9w(ﬁ'iwcmrar‘i@5tdmajtthe ssatdiomalegion td2embipp

surf ac&t%defﬁﬁémeﬁ%ﬁé“oﬂrmg%st Béhi J\Q" &;{He%tﬁgrcﬁén%nth]eﬁ(ﬂ v&%@nﬁiﬁﬂ?rgg W@%ém thod

conprises formng a ortion o
(cf Fig 1c) are efficiently silicided, thereby formmg the metal silicide 156 that may thus be

positioned outside of the deep drain and source areas 151D or may be positioned in an
area of the drain and source regions, which have a reduced dopant concentration,

thereby encountering an increased Schottky barrier.

Fig 1e schematically illustrates the situation in the cross-sectional view as indicated in
Fig 1a as section Ic, wherein also at the sidewalls 103S metal silicide 156Dd extends
deeply into the active region 103.

Fig 1f schematically illustrates a top view of the device 100 in which the peripheral areas
103P at or in the vicinity of the sidewalls 103T, 103S are illustrated, in which the metal
silicide may extend deeply into the active region 103, thereby possibly causing significant

device failures or generally reducing overall performance of the transistor devices.

Consequently, in particular sophisticated p-channel transistors may suffer from increased
yield loss and reduced performance, when the gate length may be 40 nm and less in
transistor architectures requiring the incorporation of a strain inducing silicon/germanium
alloy, thereby making this basically a very promising approach less attractive in volume
production environments. Therefore a plurality of approaches has been discussed. For
example, avoiding the significant recessing of the isolation structures 102 during the
formation of sophisticated p-channel transistors has been proposed, however, without
giving any details as to the practical implementation of an improved strategy in this
respect. Another alternative would be the increase of the drain and source dopant
concentration by implanting a higher dopant dose. As discussed above, however,

significantly modifying the dopant concentration in highly scaled transistors may be



One illustrative sem conductor device disclosed herein conprises an

i solation region forned above a substrate noreover, the sem conductor

devi ce conprises a silicon containi ng active region of a p-channel

transi stor laterally enclosed by the i0sol ati on region, which is recessed
with respect to the silicon containing active region. The silicon
containing active region has a length delimted by a pair of first
sidewalls and a width delimted by a pair of second sidewalls.
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as shown in Flg | a;
Instead of increasing the implantation dose the implantation energy could be increased in
order to generate a more homogeneous dopant profile throughout the depth of the drain
and source regions. It turns out, however, that significant increase of the implantation
energy may not be compatible with the overall gate configuration, that is, undue dopant

incorporation into the channel region may occur upon increasing the implantation energy.

An promising approach is described in the non--published US patent application filed by
the applicant of the present application (applicant’s reference number BD152) entitled
"Shallow source and drain architecture in an active region of a semiconductor device
having a pronounced surface topography by tilted implantation”. According to this
concept tilted implantation processes may be applied with tilt angles of 30° or greater in
an aftempt to incorporate additional dopant species into the deeper drain and source
areas through exposed sidewall surface areas in order to embed the resulting deep
metal silicide regions in a semiconductor material of increased dopant concentration.
Upon applying this concept, however, it has been observed that the resulting gain in
transistor performance is less pronounced as expected, thereby indicating that the
significant surface topography of the active region of, in particular, p-channel transistors
still significantly influences the behaviour of sophisticated semiconductor devices.
Therefore, the concept disclosed in this patent application may still require additional
improvement in order to provide a strategy appropriate for volume production techniques
in view of semiconductor devices including p-channel transistors having a gate length of

40 nm and less in combination with sophisticated gate electrode structures.



Figs idif schematically illustrate cross-sectional views and a t
respectively, of the sem conductor device in a further advanced
manuf acturing stage in which netal silicide regions are forned i
drain and source regions on the basi s'of conventi onal process st
Figs 2a schematically illustrates a top view of a sem conduct or
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according to illustrative enbodiments in which inplantation strategies are
illustrated in order to incorporate a drain and source dopant species
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according to illustrative enbodi nents in which p-channel transistors with
different orientation may receive a tilted inplantation parallel to the

respective gate el ectrode structures based on appropriate masking regi ne

according to illustrative enbodi nents; and 14

SUMMARY OF THE DISCLOSURE

Generally, the present disclosure provides manufacturing techniques and semiconductor
devices in which the probability of creating device failures upon forming contact regions,
such as metal silicide regions, in sophisticated semiconductor devices by appropriately
adapting the dopant profile to the pronounced surface topography of the active regions of
p-channel transistors. It has been recognised that the implantation of the drain and
source dopant species at an appropriately selected tilt angle with respect to the width
direction of the active region may result in superior transistor performance of the p
channel transistors, while undue lateral penetration of the channel region by the drain
and source dopants is suppressed by avoiding the usage of any tilt angle along the
length direction of the active region. In some illustrative embodiments of the present
disclosure that tilt angle is restricted to a range of 20° and less, thereby obtaining
superior performance for sophisticated p-channel transistors with a gate length of 40 nm
and less. Consequently, appropriate spacer technologies may still be applied so as to
adjust the lateral dopant profile in the vicinity of the channel region, while nevertheless
an increased averaged dopant concentration is obtained at peripheral areas of the active
region so that superior resistance conditions across the full width of the transistor may be
achieved. Hence, the resulting metal silicide may reliably be embedded in highly doped
semiconductor material, however without unduly affecting the lateral dopant profile in the
vicinity of the channel region, since the inclination or tilt during the implantation occurs in
a plane that is normal to the top surface of the active region and substantially parallel to

the gate electrode structure.

One illustrative method disclosed herein comprises performing an implantation
process in the presence of a gate electrode structure so as to introduce drain

and source dopant species through a first sidewall and a second sidewall of an



Figs 2f schematically illustrates a cross-sectional view of the

sem conduct or device in further advanced manufacturing stages, in which an

interlayer dielectric material of a contact |evel may conprise contact

el enents, which may have reduce contat® resistance to the drain and source

regions due to the increased averaged dopant concentration according to

still further illustrative enbodi nents. DETAI LED DESCRI PTI ON Wil e the

present disclosure is described with reference to the enbodi nents as
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transi stor performance in sophisticated p-channel transistors due to a
pronounced surface topography in conbination with netal silicide regions,
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transistors, a significant increase of overall performance of the p-channel

”a”S‘cﬁ%grmus'?Prth?S soebmsi%z)\r/\gﬂbtor device disclosed herein comprises an isolation
region formed above a substrate moreover, the semiconductor device comprises
a silicon containing active region of a p-channel transistor laterally enclosed by
the isolation region, which is recessed with respect to the silicon containing
active region. The silicon containing active region has a length delimited by a
pair of first sidewalls and a width delimited by a pair of second sidewalls.
Additionally, the semiconductor device comprises a gate electrode structure
formed on the silicon containing active region and drain and source regions. The
drain and source regions comprises a first averaged dopant concentration at the
first sidewalls that is less than a second averaged dopant concentration at the
second sidewalls. Moreover, the semiconductor device comprises a metal silicide
formed in a portion of the silicon containing semiconductor region, wherein the

metal silicide is positioned within the drain and source regions.



Furthernore, it has been recognised that the tilted inplantation parall el
to the gate electrode structure nay be restricted to tilt angles of

magni tude of 200 and | ess, thereby obtaining superior performance conpared
to larger tilt angles. Wthout intendihg to restrict the present
application to the follow ng explanation it is assunmed that a noderate tilt
angle parallel to the gate electrode structure may, on the one hand, result
in an increased averaged dopant concentration at the peripheral regions
that define the width of the transistor, and on the other hand, enable a
nor e honogeneous do I I i i ., [N ortion of the drain
and sourcg regi ons. p%'%?ﬁﬁéwﬁuﬁméﬁ 3%[% ﬁ%‘%@% ate tilt angle in

t he above specified range the inplantation energy nay appropriately be

adapteig ﬁ as to still refain a desjred penetratlon dept h wi thout inducing
undue n’dﬁ £ SPaHEIHs gaimibe RIeseBhdlisGlougevire cdalina infibe PRBERARE at

end pogikimesard Wlheb@@érﬁeetn%@é Qs hf WAt Re f-BlﬂHWmd SRR Idld lSHﬁbflﬁﬁl ve

enbodi ments, the drain and source regions, i.e. the deep portions thereof
nay beWh@Prt@tﬁeWItm@%f%:mG@ t@rth@wwqqmwarahggéir@wmﬁﬁdem athéctinount with an
appropriately adapted i nplantati on energy w thout requiring any further ny
education of the overall process flow On the other hand, the | ateral
dopant Figr d#i $@1Qmatih@llwiildjjsttatt§zsoﬁ tbheviehaohel seegcondicos uesi@ntfoahéy not

af f ect -t rofl thls area may still efficiently be
adj ust% ‘%ﬁ'ﬂgg %‘S@? (]F’%étpﬁ(g stg%tggé 8, and the like. In sone

illustrative enbodi ments, the gate electrode structures of the p channel

tran5| tors, may ve the sane entation throughout the entire
sem con@ﬁcty? d’é\ﬂa gcsostrf%{f‘aiéc%llyngl'@‘s’”ﬁﬁ?arﬁrﬁﬁgéﬁ‘?ﬂ?%%'esg'ewst helit they

addi t i eftalcomaskiordStiePasaowreirPRl 1#d. That is, during the inplantation
process the semiconductor device may be rotated by 180 in order to realise

at least two different tilt angles, which may have the same or a different

anountgiggoghat 1t%<§1e?fﬁé@cé1§/9ﬁl‘ﬁf‘st%9é' EFRR- s%cg i dE0R Bag! Ll ed), O\ﬂBﬂ; nt

speci es may efficiently 1ncorporated into t peri pheral areas of
act i veresegrivelyl @fdttﬁestemlqomtsimmn devieabioda rfenthe advansedtmasufmuwgg

di ffersﬁ@héymo(l\)h%ﬁ qﬁel%?tﬁllﬁhgcrteﬁ? s SHE YT RS D" sh re{lﬁoéuﬁ; Sgpi?é%t t he

covere ropria I on mask 'so as

| at er ategdn‘psant\ tpeduhlsiseof nom\lrmttmnall prm(yessfsttrdmegwmnnel reg| ons of these
transistors. Thereafter, a further inplantation process, for instance using
the sane process paraneters, may be applied after renoving the inplantation

mask dﬁgsm/ech@gatlbalmﬁlmétmﬂéé)é ioppliant efl atdeanRiodtiQE ® rdvicea abuis tdney
i nmpl a tat on mask 6‘\gloﬁgmreference o f| ures 2a to 2f further illustrative

enbodi ‘fefl u§t%t1|vp A G851 pERIGhn IThBRE tRfde i Stratgasse e dildsiraedei®nce
may beprgeeeo icdrpBrdiesa baaihunk fourck d(ﬁ%ﬁtrs%(émes through exposed sidewall

areas of an active region in a substantially parallel manner with respect to the

gate electrode structure according to illustrative embodiments;

Figs 2b and 2c schematically illustrate cross-sectional views of the
semiconductor device in which a tilted implantation process is applied with

parallel orientation with respect to the gate electrode structure according to
illustrative embodiments;

Fig 2d and 2e schematically illustrate a top views of the semiconductor device
according to illustrative embodiments in which p-channel transistors with
different orientation may receive a tilted implantation parallel to the respective
gate electrode structures based on appropriate masking regime according to
ilustrative embodiments; and



Figure 2a schematically illustrates a top view of a sem conductor device
200 conprising a sem conductor region or active region 203, in and above
whi ch a p-channel transistor 250 is forned. The sen conductor region or
active region 203 may be conprised of!4 silicon-containing sem conduct or
material, which may enable the formation of a netal silicide in a later
manuf acturing stage. As shown, the active region 203 may have a wi dth 203W
ie. the lateral dinension along a width direction (cf. Fig la), wherein it
shoul d be appreciated that the width 203Wnmay vary along a |length 2031.. of

be. concoPoart ety BefBRes &0 BRP R0 BR TR o O SeeBhader s °

det er nilensde by farihesetieanhcsd regiudact2idg dages, ial weicdi acissadyabeeeomit h
refer encg tq tpe sen}eqccgng}t;/chor devi ce .100. Moreover, in the manufacturing
stage SHOWY &' Gaf@ E Bt 60d"3Y riRiTRTEe 260 1PE P ReliSonV IR BEYI V8VPegi on
203 angdalceocentbendssisiinet faetHes al@hi MY k6di@N rafidns drrRe g irebbBed
overal |l device conf :C%r ation. Generall e transistor 250 may have any

1y, th . . .
appr op? Y{PECE At cRNCeRtratioh aceetdngdorshd furthnsilbtssrativscemigdimsmisa
configuration as shown in Figs | b and 1c when referring to the transistor
150, for instance with respect to the configuration of the active region
203 and with respect to the gate electrode structure 260. In 17 other
cases, these conponents may %ﬁ%ﬂL% D@%ﬁfﬁ”@ﬂeﬁ@priate configuration, as
required. Furthernore, in tﬁe manufacturing stage shown, the transistor 250
may receive a drain and source dopant species in order to inplenent an

incre eraged concentration which rovi de for superior process
condi %ﬂga@? %'%ﬁgpfﬁl’?eq?%?“rgr 'éad%w%ﬁipg(ﬂy‘f'%J?ﬁeﬂﬁeatﬁpW@p?‘g‘gpg'@ﬁ tsa$

ar eas, illastehteas imghal foleghgedétagea@nded drigidnataer weBNHE aat tHd RBaRtREe- it AS
previ OLHSPILéggl scussed th reference to the sem conductor device 100 as
shown § ey ,efﬁwvgpﬁﬁtﬁh%r@“%m detgrled slosarpton@ng| Wevdiiaming 3te
definimg thenwedt o 203W MRy dHeniBbohhyier i diseRkeandep@y b ﬁ?épqyi.ﬁﬁcﬁﬁﬁ to
the recessed configuration of the isolation region 202. It has been

r ecogrill4elgativpnerahodimests pelisginsedl Brkatathesothe dJlegsvibers Hossativet
defin | Wk cal i i p to
SO aranPRERK e RE el TRV PRI TR vaTichE Shprgtirt IMmhRRER ieclod SRR
conporf@ors efayhishvierdefinedpey tgheppendedictriss2030, for instance when form ng
dummy gate el ectrode structures, and the |like, The wdth of the peripheral
areas 203P, 2030 may be 20 nmor less. Thus, in sone illustrative

enbodi Mentsesant Hesasdsuaepgetermatyohddiresds ahp prudlsmuof ecdopantirapestbes my
be incorporated through,the exposed sidewal|l surface areas 203T by applying
i mpl arﬁea{f)?rm@%'eo@eég%lggﬂg?tﬁ& %ﬁ?‘éﬂﬁﬁgyﬁiﬂét%%% 5&*651%9% BIOTHYINGELly %Cé)as
shown tbpo§igguneirR@onbinses® Wikl UsETAtdiNEde e MENkBe@in | FR! 8ALALHOSS
process mag gorrpél se a first _inplantatjon step 205A in which an appropriate
tilt dHgPEsPs udBa ahpveridentifigd; sr-appeing: BSt ARPlradion Wvy wsultc ddpemt

speci afah W @eale B8N hE/oA i i tafd oo, step
205B ma?)]be appl i gdl S(;] gg ?ﬁhighg%\f%ﬁoafée}sgh@%éﬁéﬁhﬁgggg%ﬁaé%s%t r uéé:ﬁ&f he
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the wichanngi reandistors i @ayi heFagc@aplibeed ewithcal udiduge tdootrilfeting Rogtie) . For

exanpl r pally non-til.ted, inplantation direction, which
corr esogfgrrlél@ Qr?c%&%?&%ﬂ%l%%b %)é(r g%sr%hf’%%? 3Pet'80?FPe°r8h8w (ﬂrlgd‘ﬁﬂ'an%nq)fsol‘i‘f‘be 2a, a
tilt afopamé sipeplesntaatikpmsall setalnsurfaee plraag Whah dsfipetpendigubathd o the
drawi n | ane of f.igur .and that is aligned, ie parallel, to the width
i r ecPehariigy P et T BispMegneh: sy soRR balabiiEr dapnrRIiGn st eps
205A, a20bB, cli@spsciiceel thay 4l be obtained on the basis of appropriate spacer
techniques, since the used to its angles may substantially not affect the lateral
dopant profile in this sensitive area. On the other hand, at the periphery with
respect to the transistor width a significantly increased averaged dopant

concentration is obtained, thereby contributing to superior drive current



| ateral dopant profile in the vicinity of the gate electrode structure 260

may still be adjusted by any sidewall spacers fornmed thereon, which thus
enabl es the inplenentation of reduced gate | ength of 40 nm and | ess, such
as 32 nmand less. In some illustrati\® enbodi ments, the magnitude of the

respective tilt angles during the inplantation steps 205A, 205B is sel ected
to 15" or less, while in other cases a tilt angle is selected with an
anount of 8.5 to 12.5. Figure 2b schematically illustrates a

cr oss- sapalibiyalsiviewveakanttad pegiphbealwiedidnodiar estios, traneitioal @sistbhee
sectio I shown emc ctor devi 200, ma
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appreci ated that due to the noderate magnitude of the tilt angles a
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Figure 2c schematically illustrates a cross-sectional view taken along a
length direction, i.e. along the section Ilc of figure 2a. As shown, the
transi stor 250 may conprise drain and source regions 251, deep portions
251D thereof may be forned during thelf nplantation steps 205A/ 205B, as

di scussed above. Furthernore, the drain and source regions 251 may conprise
extensi on regions 251E, which substantially determne the |ateral dopant
profile in a channel region 255. Furthernore, in sone illustrative

enbodi Mt1§0°a3<:t8hhi@$|dobdnt/ebeaige rady wsdficingtlg émiarpncatetiantatiopedPBBaray be
f or med annel 20 region 255 below the gate el ectrode
str uct%:fe%sg% e-[ah& gcﬁect rode structure 260 may conprise gate dialectic
mat er i aI S 264 263, for instance in the form of a conventional dielectric
rraterl ielectrig materials, and the k as is al so discussed
above. A(%h?r gIH‘ﬁl%f%'ve CARIBEE é’"ﬁ“ﬁl‘%‘)%faﬂf{w %ﬁewlybgr'ﬁf‘m d8de and
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havi ng, a propriate width so as to determ ne the |ateral l'e of
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are al so déscri bed above erformng t antation proce
conpr i §iHanteHi®nspeguess 05y E@E@Q%@Sm@aﬁhﬂ &lam@omwgdp@@nimmmecnw bay be

i ncorp tg.al l nn W [ p t he .t op
surfac%ﬁageqfhég%a@tr?\%%r@iﬂg% %@Yﬂttamat e g’r gw E’S yaeﬁ%b{)%vﬁ%‘ﬂswat er al
dopantinglahiddetrafisishs exitleasducher égpenga@dimagky not significantly be

af fected upon form ng the deep drain and source regions 2510. Furthernore,
si nce dopant penetration through the exposed portions of the sidewalls 203S

i s subafitantdfald e pErRSs€Ra 3o STNRMIYT NBJUEEFe BEHSUREMSNAHN now be
ratjon be encountered in the peripheral regions 2030 conpared to

conce

t he péﬁqsﬁ’ﬁ&eﬁll in %Qf%ﬁﬁazbwef?m pisot fedenegice may e wrderptfiouses tietoplis i ed

i nsul gt ké@uiteyer 201A. Figure 2d schematically illustrates a top view of

t he sem conduct or device 200 according to further illustrative enbodi nents,
in which a second p-channel transistor 250B nay be provided with an

di ct atffl 0rd BAY sbﬁegLftlcﬁfl mlugt‘?gt% ggtc}éfrvh&lf cﬁrée c]pﬂﬂH {otrt §&vibE agh st or

250. Fo exarrpl e e ga ure ransi'stor 250B
may becamnpésingda penmiesrdiuibardgionidrhaatespegion GOma gad ebelvecvhictiea p-

e L G L SR R T

tr anS|mhprb@%myed)e)frrasmadommkmnb@sIs%nﬂéor&mcﬁ@prr@@trelr@ﬂ ewhigH ang@t i on
mask 206 su h gs a resi st mask. Thus undue enetratlon of drain and

sour c& Hante IO B o2 NG EligBleedn gy e EDg o8l 98t r 6% ur e
260 ofsHdwn ttﬂw@%d:tﬁ@?e@ﬁﬁ@mﬁmé%ﬁh@\l@léj%ﬂdth 203\/\/, ie. the lateral dimension

along a width direction (cf. Fig 1a), wherein it should be appreciated that the
width 203W may vary along a length 203L of the active region 203 if a non-
rectangular geomeiric configuration is to be considered. The size, shape and
position of the active region 203 is determined by an isolation region 202, as is
also discussed above with reference to the semiconductor device 100.
Moreover, in the manufacturing stage shown, a gate electrode structure 260 is
formed on the active region 203 and also extends into the isolation region 203,

depending on the overall device configuration.

Generally, the transistor 250 may have any appropriate configuration, for
instance the transistor 250 may have a configuration as shown in Figs 1b and 1c
when referring to the transistor 150, for instance with respect to the configuration

of the active region 203 and with respect to the gate electrode structure 260. In



21 Figure 2e schematically illustrates the device 200 in a further
advanced manufacturing stage, in which the transistor 250 is nmasked by an
appropriate inplantation nmask 208, such as a resist mask, while the

transi stor 250B i s exposed to the inpl/antati on process 205 conprising the
steps 205A/ 205B, as di scussed above, wherein, however, generally the device
200 is appropriately adjusted to the corresponding i on beam of the process
205 so as to achieve a tilt angle parallel with respect to the gate

el ect r ohersiaseet thase a@mbsnah’somexmaa/ienemiy auwmpp@opeemjeumﬂumrahbe as
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in order to aFrEeéﬁE“atel tune the resulting transistor characteristics. It
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2f schematically illustrates a cross-sectional view o e sem co duct or
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e'implantatio rection’in a plane that is perpendicular to the drawing plane of

figure 2a and that is aligned, ie. parallel, to the width direction, may result in
appropriate tilt angles for the implantation steps 205A, 205B, respectively.

As discussed above, by selecting the magnitude or amount of the tilt angles of

the implantation steps 205A, 205B according to the above specified range, the



As a result, the present disclosure provides manufacturing techni ques and
sem conduct or devices, in which overall drive current capability and thus
general ly performance of p-channel transistors nay be enhanced by
specifically incorporating an increasEl averaged dopant concentration at

t he peripheral regions 203P, which define the effective width of the
p-channel transistors. It has been recognised that a tilted inplantation
parallel to the gate electrode structures the deep drain and source regions
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discussed, for example due to a previously performed process sequence for
incorporating a strain inducing semiconductor alloy 203A, such as a
silicon/germanium alloy, as is also previously explained. It should be appreciated
that with reference to the components described so far also the same criteria
may apply as previously discussed with reference to the semiconductor device
100. Hence, a corresponding detailed description of these components and

techniques for forming the same may be omitted.

As shown, the implantation process comprising the steps 205A, 205B may be
performed on the basis of respective tilt angles «, B, which are defined in the
plane 206. The plane 206 may be normal or orthogonal with respect to the top
surface 203G and may be oriented in parallel to the width direction W, thereby
enabling a variation of the implantation angle with respect to the exposed
sidewall surfaces 203T, without affecting the lateral dopant profile in the vicinity
of the gate electrode structure 260, which is indicated in dashed lines, which,
however, would not be visible in the cross-sectional figure 2b. It should be
appreciated that the tilt angles o, § may be considered as to different tilt angles,

since, even if these angles are of the same magnitude the orientation is different



CLAI M5 A nethod conprising: performng an inplantation process in the
presence of a gate electrode structure so as to introduce drain and source
dopant species through a first sidewall and a second sidewall of an active
regi on of a p-channel transistor of al%em conductor device, said active
region being laterally enclosed by an isolation region that is recessed
Wth respect to said active region, said first and second sidewal |ls
defining a wwdth of said active region; and formng a netal suicide in said
act i vewitegrespe. toThe metihmid Nofofc kied rmbl, Sm@biei aoper LObms@@uér&iﬂ ]yp%o

i npl antation process conprises using tilt angles with an amunt of or
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of claim wherei n sai d anount of sal It angles’is selecte ein
t he ra%l@ér‘ib_”tl@_ withgn thesactive region 203 with an appropriate penetration depth,

while additionally an increased dopant concentration may be obtained in the
peripheral regions 203P compared to conventional strategies. For example, the
averaged dopant concentration in the peripheral region 203P, i.e. in a striped
with a thickness D, may be higher compared to strategies, in which a
substantially non-tilted implantation is applied in order to form the deep drain and
source regions in the active region 203. Furthermore, the averaged dopant
concentration in the peripheral region 203P may be higher compared to the
averaged dopant concentration at the peripheral regions 203Q (cf figure 2a), at
least at a depth in the vicinity of the buried insulating layer 201A.

It should be appreciated that due to the moderate magnitude of the tilt angles a
corresponding adaptation of the implant energies may substantially not affect any
other device components or subsequent processes. That is, compared to tilt
angles of 30° and significantly higher, in the present embodiments only a
moderate increase of energy may be required so as o obtain substantially the
target penetration depth. Consequently, the additional penetration lengih into the
gate electrode structure 260 at end (cf figure 2a) during the tilted implantation
steps 205A, 205B may not alter the desired transistor characteristics, since
typically the length of the end portions of the gate electrode structures 260 that
extend above the isolation region 202 is greater compared to the additional

penetration length caused by the moderate tilt angles a, B.

Figure 2c schematically illustrates a cross-sectional view taken along a length
direction, i.e. along the section lic of figure 2a. As shown, the transistor 250 may
comprise drain and source regions 251, deep portions 251D thereof may be
formed during the implantation steps 205A/205B, as discussed above.
Furthermore, the drain and source regions 251 may comprise extension regions
251E, which substantially determine the lateral dopant profile in a channel region
255. Furthermore, in some illustrative embodiments, a threshold voltage

adjusting semiconductor alloy 203B may be formed as a part of the channel



5. The method of claim11, wherein performng said inplantation process
further conprises formng deep drain and source regions in said active
regions. 6. The nmethod of claim 1, wherein said inplantation process is
performed so as to be substantially mh-tilted with respect to a plane that
Is normal to a top surface of said active region and parallel to a wdth
direction. 7. The nethod of claim1, further conprising covering a second
active region with an inplantati on mask when perform ng said inplantation
pr ocesggioRR25hbemivn tisaigdte etartcbdee strueturegd @ Tas ghos whstitdury ebucarsecond
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conventional dielectric materials, high-k dielectric materials, and the like, as is
also discussed above. Additionally, electrode materials 262 and 261 may be
provided and these materials may laterally be encapsulated by a spacer
structure 265 having an appropriate width so as to determine the lateral profile of
the drain and source regions 251, as is also discussed above. The components
described so far may be formed on the basis of manufacturing techniques, as are

also described above.

Upon performing the implantation process comprising the steps 205A/205B the
drain and source dopant species may be incorporated in a substantially vertical
manner with respect to the top surface of the active region 203 so that the
previously established lateral dopant profile of the extension regions 251E may
not significantly be affected upon forming the deep drain and source regions
251D. Furthermore, since dopant penetration through the exposed portions of the
sidewalls 2038 is substantially suppressed, a somewhat reduced averaged
dopant concentration may be encountered in the peripheral regions 203Q
compared to the peripheral regions 203P, in particular in the vicinity of the buried
insulating layer 201A.

Figure 2d schematically illustrates a top view of the semiconductor device 200
according to further illustrative embodiments, in which a second p-channel
transistor 250B may be provided with an dictation that is different compared to
the orientation of the transistor 250. For example, the gate electrode structure
260 of the transistor 250B may be oriented perpendicularly with respect to the
gate electrode structure 260 of the transistor 250. In this case, during the
implantation process 205 comprising the steps 205A, 205B, as discussed above,
the transistor 250B may be masked on the basis of an appropriate implantation
mask 206, such as a resist mask. Thus, undue penetration of drain and source
dopant species into areas covered by the gate electrode structure 260 of the

transistor 250B may be avoided.



8. The method of claim7, further conprising renoving said inplantation
mask from said second active region, formng a further inplantation mask so
as to mask said active region arid performng a second inplantation process
so as to introduce said drain and sodlce dopant species through a first
sidewal | and a second sidewall of said second active region of a second

p- channel transistor, wherein said first and second sidewal |l s of said
second active region define a width of said second active region. 9. The
met hodFighire| aemsthefatichly dospraitss nghef afavicy 206enm conflutiedr aavhayed n at
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first tpeapsddsat 2085 naymalpprapsa@iet) thep selected for the transistor 250B. For
example, the same implantation parameters and tilt angles may be selected,
while in other cases, at least one process parameter, such as the amount of the
tilt angles, the implantation energy, and the like may be selected differently in
order to appropriately tune the resulting transistor characteristics. It should be
appreciated that the corresponding implantation masks may readily be formed on

the basis of well-established lithography techniques.

Figure 2f schematically illustrates a cross-sectional view of the semiconductor
device 200 in a further advanced manufacturing stage. The cross-section is
taken along the width direction, i.e. along the section llb of figure 2a. As shown,
a contact level 220 may be formed so as to enclose and thus passivate the
transistor 250. To this end, appropriate dielectric materials, such as a layer 221
and a layer 222, for instance provided in the form of silicon nitride, silicon
dioxide, and the like, may be formed above the active region 203, wherein one or
more contact elements 2 to 3 may be provided so as to connect to the drain and
source regions 251. Furthermore, a metal silicide 256 may be formed in the
active region 203 and may substantially completely be embedded in the deep
drain and source regions 251D so as to ensure a reduced series resistance in
the transistor 250. That is, since the metal silicide 256, which may be provided in
the form of a nickel containing silicide material, is embedded in a semiconductor
material having a moderately high dopant concentration the corresponding
Schottky barrier is relatively low, thereby providing for superior drive current
capability. In particular due to the preceding process for forming the deep drain

and source regions 251D an increased averaged dopant concentration may be



26 surface of said active region and parallel to a width direction, said
I npl antati on process further including a non-varying inplantation angle
defined in a second plane that is normal to said top surface and
perpendicular to said width directiom2and forming a metal silicide in a
portion of said active region. 13. The nethod of claim 12, wherein
respective two of said at least two different tilt angles are of sane
amount and different orientation. 14. The method of claim 12, wherein an
anmount obfaiged tin dhe gadripretral eagons )30, fkichnth usi provadey & & Suirrerd methgedof
8.5to0 : thod of claim 14, wherein an a nt of each of said at
Ceast 10 atPped dRiOR P Rl emE g 4elie TeBRn 285 unfen PRI naj
translate into superior performance of the transistor 250.

The contact level 220 and the contact elements 2 to 3 may be formed on the
basis of any well-established process techniques. It should be appreciated that
the metal silicide 256 may be formed in accordance with process strategies, as
also previously discussed with reference to the semiconductor device 100,
thereby providing for superior process conditions at the peripheral regions 203P.
In other cases, however, the metal silicide 256 may be formed locally at the
contact elements 223, depending on the overall process strategy. Also in this
case the increased averaged dopant concentration and the peripheral regions
203P may contribute to superior transistor performance. Furthermore, in this
case a reduced contact resistance may be obtained, in the case that one or more
of the contact elements 223 may be positioned in close proximity to the
peripheral regions 203P.

As a result, the present disclosure provides manufacturing techniques and
semiconductor devices, in which overall drive current capability and thus
generally performance of p-channel transistors may be enhanced by specifically
incorporating an increased averaged dopant concentration at the peripheral
regions 203P, which define the effective width of the p-channel transistors. It has
been recognised that a tilted implantation parallel to the gate electrode
structures the deep drain and source regions may be formed such that superior
dopant concentrations are obtained, while on the other hand undue lateral
penetration of the channel areas may be avoided during the tilted implantation
process. Furthermore, a magnitude of 20° or less has been identified as a highly
efficient tilt angle for p-channel transistors having a gate length of 40 nm and
less. For example, for p-channel transistors of the 32 nm technology
improvement of transistor performance of several percent with respect to on-
resistance and linear on-current has been observed for an amount of 10° of the
tilt angles during the formation of the deep drain and source regions compared to
p-channel transistors formed on the basis of a non-tilted implantation sequence.

It should be appreciated that the above described embodiments refer to an SOI



16. The method of claim 12, wherein formng said gate el ectrode structure
conprises formng a spacer structure prior to performng said inplantation
process and using at |east a portion of said spacer structure as mask. 17.
The nethod of claim 12, further conprd%sing formng a sem conductor alloy in
at least a portion of said active region prior to performng said

i nplantation process. 18. The method of claim12, further conprising
covering a second active region with an inplantation mask when perfornm ng
sai d i afsihalecitieorinpwbards s, "sWetariing's aif dihee Ednhuratioinge nragginon rbeasit fiar eed

t her eo ond .gatge.el ectro structyre that |.s not parallel to sajd gate
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further inplantation mask so as to mask said active region and performng a
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addition to achieving superior performance as described above, significantly
reducing the probability of causing a short of the PN-junctions in the vicinity of

the peripheral regions that define the effective width of the transistors.

Further modifications and variations of the present disclosure will be apparent to
those skilled in the art in view of this description. Accordingly, this description is
to be construed as illustrative only and is for the purpose of teaching those
skilled in the art the general manner of carrying out the principles disclosed
herein. It is to be understood that the forms shown and described herein are to

be taken as the presently preferred embodiments.



an isolation region fornmed above a substrate; a silicon containing active
region of a p-channel transistor laterally enclosed by said isolation
region, said isolation region being recessed with respect to said silicon
contai ning active region, said silicotftcontaining active region having a
length delimted by a pair of first sidewalls and having a width delimnted
by a pair of second sidewalls; a gate electrode structure forned on said
silicon containing active region; drain and source regions, said drain and
source regions conprising a first @leki@ed dopant concentration at said
first sidewalls that is |less than a second averaged dopant concentration at
said second sidewalls; and a netal silicide forned in a portion of said

si | i cof. conhanhsinbg ceApesmduct or region, sai d netal silicide being

positioned within said drain and source regions.
performing an implantation process in the presence of a gate electrode
structure so as to introduce drain and source dopant species through a
first sidewall and a second sidewall of an active region of a p-channel
transistor of a semiconductor device, said active region being laterally
enclosed by an isolation region that is recessed with respect to said active
region, said first and second sidewalls defining a width of said active

region; and
forming a metal silicide in said active region.
2. The method of claim 1, wherein performing said implantation process

comprises using tilt angles with an amount of 20° or less with respect to a

normal of said active region.

3. The method of claim 2, wherein said tilt angle amount is selected to 15° or
less.
4. The method of claim 3, wherein said amount of said tilt angles is selected

to be in the range of 8.5° to 12.5°.

5. The method of claim 1, wherein performing said implantation process
further comprises forming deep drain and source regions in said active

regions.

6. The method of claim 1, wherein said implantation process is performed so
as to be substantially non-tilted with respect to a plane that is normal to a

top surface of said active region and parallel to a width direction.

7. The method of claim 1, further comprising covering a second active region

with an implantation mask when performing said implantation process,
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wherein said second active region has formed thereon a second gate

electrode structure that is not parallel to said gate electrode structure.

The method of claim 7, further comprising removing said implantation
mask from said second active region, forming a further implantation mask
so as to mask said active region and performing a second implantation
process so as to introduce said drain and source dopant species through a
first sidewall and a second sidewall of said second active region of a
second p-channel transistor, wherein said first and second sidewalls of

said second active region define a width of said second active region.

The method of claim 1, further comprising forming a semiconductor alloy in
at least a portion of said active region by an epitaxial growth process prior

to performing said implantation process.

The method of claim 9, wherein forming said semiconductor alloy
comprises forming a compressive strain inducing semiconductor alloy in

said active region.

The method of claim 9, wherein forming said semiconductor alloy
comprises forming a threshold voltage adjusting semiconductor alloy in

said active region.

A method comprising:

forming a gate electrode structure on an active region of a semiconductor
device, said active region having a length and a width and being laterally
delineated by an isolation region that is recessed with respect to said

active region;

introducing drain and source dopant species into said active region by
performing an implantation process, said implantation process including at
least two different tilt angles with respect to a normal of a top surface of

said active region and defined in a first plane that is normal to said top
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surface of said active region and parallel to a width direction, said
implantation process further including a non-varying implantation angle
defined in a second plane that is normal to said top surface and

perpendicular to said width direction; and

forming a metal silicide in a portion of said active region.

The method of claim 12, wherein respective two of said at least two

different tilt angles are of same amount and different orientation.

The method of claim 12, wherein an amount of each of said at least two

different tilt angles is in a range of 8.5° to 20°.

The method of claim 14, wherein an amount of each of said at least two

different tilt angles is 15° or less.

The method of claim 12, wherein forming said gate electrode structure
comprises forming a spacer structure prior to performing said implantation

process and using at least a portion of said spacer structure as mask.

The method of claim 12, further comprising forming a semiconductor alloy
in at least a portion of said active region prior to performing said

implantation process.

The method of claim 12, further comprising covering a second active
region with an implantation mask when performing said implantation
process, wherein said second active region has formed thereon a second

gate electrode structure that is not parallel to said gate electrode structure.

The method of claim 18, further comprising removing said implantation
mask from said second active region, forming a further implantation mask
so as to mask said active region and performing a second implantation

process.
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A semiconductor device comprising:

an isolation region formed above a substrate;

a silicon containing active region of a p-channel transistor laterally
enclosed by said isolation region, said isolation region being recessed with
respect fo said silicon containing active region, said silicon containing
active region having a length delimited by a pair of first sidewalls and

having a width delimited by a pair of second sidewalls;

a gate electrode structure formed on said silicon containing active region;

drain and source regions, said drain and source regions comprising a first
averaged dopant concentration at said first sidewalls that is less than a

second averaged dopant concentration at said second sidewalls; and

a metal silicide formed in a portion of said silicon containing
semiconductor region, said metal silicide being positioned within said drain

and source regions.



