1 SUPERI OR | NTEGRI TY OF HI GH K METAL GATE STACKS BY CAPPI NG STI REG ONS

FI ELD OF THE PRESENT DI SCLOSURE Generally, t he present disclosure relates
to the fabrication of highly sophisticated integrated circuits including
advanced transi stor elenments that conprise gate structures of increased
capaci tance including a high-k gate dielectric material. DESCRI PTION OF THE
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storage devices, ASICs (application specific integrated circuits), and the
like, requires the formation of REGSnunber of circuit el ements on a

gi ven chip area according to a specified circuit layout. In a wde variety
of integrated circuits field effect transistors represent one inportant
type of circuit el ements that substantially determne perfornmance of the

integrated circuits. s technol ogies are
currently practiced for [fe%?dr)n##é‘lﬁpg%%égt\‘f %é)(lt’lr@lﬁgﬁgéors wherein for many
types of conplex ci rcmtry CMOS technol ogy is one of the nobst prom sing
appr ogg hes the perior characterjstics in view of operating speed
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transistor, irrespective of whether an n-channel transistor or a p-channel
transistor is considered, typically conprises so-called pn-junctions that
are formed by an interface of highly doped regions, referred to as drain

and source regions, Wt ;dpped region, such as a
channel region, dlsposég % acen@kyggoﬁﬁgﬁﬁgH?@qﬁgged regions. In a field
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circuit elements that substantially determine performance of the integrated circuits.
Generally, a plurality of process technologies are currently practiced for forming field
effect transistors, wherein for many types of complex circuitry CMOS technology is one
of the most promising approaches due to the superior characteristics in view of operating
speed and/or power consumption and/or cost efficiency. During the fabrication of
complex integrated circuits using CMOS technology, millions of transistors, i.e., n-
channel fransistors and p-channel transistors are formed on a substrate including a
crystalline semiconductor layer. A field effect transistor, irrespective of whether an n-
channel transistor or a p-channel transistor is considered, typically comprises so-called
pn-junctions that are formed by an interface of highly doped regions, referred to as drain
and source regions, with a slightly doped or non-doped region, such as a channel region,
disposed adjacent to the highly doped regions. In a field effect transistor the conductivity
of the channel region, i.e., the drive current capability of the conductive channel, is
controlled by a gate elecfrode formed adjacent to the channel region and 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 voitage
to the gate electrode depends, among others, on the mobility of the charge carriers in the

channel region.



2 The continuous shrinkage of critical dinmensions of transistor elenents
has resulted in a gate length of field effect transistors of 50 nm and
significantly | ess, thereby providing sophisticated sem conductor devices
havi ng enhanced perfornmance and an i ncreased packing density. The increase
of electrical performance of the transistors is strongly correlated with a
reduction of the channel length, which nay result in an increased drive
current and switching speed of the field effect transistors. On the other
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Basically, the above described strain inducing nmechanismis a very
efficient concept for inproving transistor perfornmance of p-channel

transi stors, wherein the efficiency of the finally obtained strain in the
channel region of the transistor, however, strongly depends on the internal
strain I evel of the sem conductor alloy and on the lateral offset of this
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the case of a silicon/germanium alloy may presently not allow germanium
concentrations of more than approximately 30 atomic percent. Consequently, a
further improvement of the total strain in the channel region requires a reduction
of the lateral offset of the silicon/germanium alloy from the channel region so that

any protective spacer structures may have to be provided with a reduced width.



order to avoid a shift in threshold voltage or any other variabilities of
t he sophisticated high-k netal gate electrode structures. In an attenpt to
further enhance devi ce performance of sophisticated field effect
transistors, it has been proposed to conbi ne sophisticated high-k netal
gate el ectrode structures with a strain inducing nechanism for instance,
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solutions, however, may result in significant gate failures in
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be unde%éttr&%g éﬁat%c%éarri@,t?c%n%lf'ct &r gate electrode material in order to obtain a
desired threshold voltage of the transistors under consideration. For this reason,
specific work function adjusting metal species, such as aluminum, lanthanum,
and the like are typically incorporated in the gate dielectric material and/or in an
appropriate elecirode material in order to obtain a desired work function and also
increase conductivity of the gate electrode material at least in the vicinity of the

gate dielectric material.

Thus, a plurality of sophisticated process strategies have been developed,
wherein in some promising approaches the sophisticated gate materials, such as
a high-k dielectric material and a metal containing electrode material, possibly
including a work function adjusting metal species, may be provided in an early
manufacturing stage in combination with a polysilicon material, thereby providing
for a high degree of compatibility with conventional process strategies for
forming sophisticated field effect transistors. [t turns out, however, that a reliable
confinement of the sensitive material system including the high-k dielectric

material and the metal containing electrode material, has to be guaranteed in



6 region in which one or nore transistors are to be fornmed. For exanpl e,
the active region 102a is illustrated.to conprise three transistors 150a

i ncludi ng respective gate el ectrode structures 130a. The gate el ectrode
structures 130a may include a conplex material systemincluding a high-k
dielectric material and a netal -containing electrode material, as discussed
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conprises a plurality of active regions, such as the active region 102a,
which are laterally delineated by the isolation region 102c. The isolation
region 102c is typically conprised of silicon dioxide and may have a
pronounced recessing 102r that is positioned close to the active region
102a. Furthernore, the gate el ectrode structures 130a, 130c are fornmed on



8 plurality of individual material |ayers wherein the specific nunber and
conposition of the various material |ayers depend on device and process
requirenents. Furthernmore, the gate efectrode structures 130a, 130c
conprise a further electrode material 132, for instance in the formof a
silicon material followed by a dielectric cap nmaterial 133, such as a
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result in a pronounced material loss in the isolation region 102c in
particular in the vicinity of the active region 102a when 9

Consequently, upon forming the device 100 according to the geometric
configuration as shown in Fig 1a, a plurality of complex process steps are
required for forming the isolation region 102c and the active region 102, followed
by a sophisticated patterning process for implementing the gate electrode
structures 130a, 130c in combination with any processes for forming the
semiconducior alloy as required for adjusting the threshold voltage of the
transistors 150a. To this end, compiex wet chemical cleaning recipes are
typically applied, which may have a negative influence on the finally obtained
device characteristics, which may even resuit in significant gate failures. For
example, it has been observed that in particular the metal-containing electrode
material of the sensitive material system in the gate electrode structures 130a,
130c is significantly damaged or missing, which may resuit in reduced
performance or total failure of the corresponding transistor elements. For this
reason, appropriate sidewall spacer structures or protective liners are provided
immediately after patterning the gate electrode structures 130a, 130c¢ in order to

appropriately encapsulate the sensitive gate material system. Although this



correspondi ng to a p-channel transi stor Thereafter, the further processing
is continued by providing materi al ?'ers for the system 131, possibly in
conbi nati on wi th additional heat trea ments so as to diffuse a work
function adjusting netal speci es and the like. Finally, the material 132
and the cap material 133, possibly in conbination with additional
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Fig id schematically |IIustrates t he device 100 during an etch process 103
for f n the active region 102a adjacent to the

1
i sol at I!gnﬂ?gaﬁ%waf@%y q'ﬁ@”@t?%étCrraﬁ%éecf’%a‘c‘éﬁwnﬁft érsleé}l‘@%@@délﬁ@'eﬂhié l'i ner
134 mey0REEcES IR t@ L6 sEBSKn ifdifalR §§h§rWtF'f§6¥| | vkl Iitﬁ‘ﬁtrét%tie%eblaﬁvg vi ce

100 dur|ng a cleaning process 104 in order tO renove any etch byproducts
and ot 1t CRBRIgRT MasiRsttaier dhly andeneemicoralustorclewer ilBdt inich & typéeilyai n

mat er i @by Rfe@SiAn (i £XRosgd ssigienal Im?%‘rrfaqce ffgag,, Qtr&%e ﬁﬂwéfifgstgéo'sa

10 Fig if schematically 1llustrates sem conduc vice ring a
furt he?ler@lr:@adm’@rdmem@ﬂmy \Whiirg ha s"S@yﬁsdmbhyopemfsorateq aréhotectiore

starti it lal r S in er to rermventlve
oXi des\’vqgenlgat re‘?cat Ln\é‘aia‘éﬁt er{eHg( wgﬁa‘% P}aﬁ%gag’&@b@ B MiRANGE
er osi dayerayl G@ccur i nothlee cavdd,i @s bLGGaccﬁrmgmlﬁ@tﬁora slagewal foswed age theea 131s

t he sensitive &% gn ge e posed bel ow t he sidewal |
spacerseé‘ttP%‘flﬂ?thrlraﬂer t?éyd; % Sd g@?%a th% SegueoON iSRSt | y,
sensi tiogeisr@pertidl sf %szhﬁ!hﬁéts%qﬁi%@lnéﬂé'tdmts{atlé?la'i %W@Qubgﬁ%nﬂ@ﬁgmg the
cl eani n%ﬁor etch chem str%/( used. Furthernore, during the furt

P

pr oceS§MGONFGFior iesnde &@Hw%&rfe@wijtmtwg»facgwaegzo.nﬁdam:m@s

e COREe ALK | odPnsy ko ORg, oM ALIUR e RBP rh o of

the sy&2em TL*:B@.lftmiiﬁlcwgrftgtenle!DthChertyptCaéesmngsed of silicon dlomde and may
have a pronounced recessing 102r that is positioned close to the active region
102a. Furthermore, the gate electrode structures 130a, 130c are formed on the
active region 102a and the isolation region 102c, respectively, and comprise a
material system 131, which is to be understood as a gate dielectric material
including a high-k dielectric material, such as hafnium oxide and the like, in
combination with a conventional dielectric material such as silicon oxynitride and
the like. Moreover, typically the material system 131 comprises a metal-
containing cap or electrode material, such as titanium nitride, which may also
include appropriate metal species in order to obtain the desired work function, as

is also discussed above. Thus, the material system 131 typically comprises a



Simlarly, the recessed configuration of the isolation region 102c at or
near the end portions of the gate elegtrode structure 130c (cf. Fig 1c) may
al so result in an exposure of any senSitive materials thereby causing a
significant shift of the overall material characteristics. In view of the
situation described above, the present disclosure relates to manufacturing
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during the conplex manufacturing process for formng high-k netal gate
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active regl ons of p-channel transistors and n-channel transistors, which
may t \IPEEPTS SECuresid®@. during the process sequence for sel ectively
formng a threshol d adjusting sem conductor alloy. For exanple, an
appropriate adaptation of the height |evel of one type of active regi on may
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the semiconductor fayer 102 on the basis of well-established shaliow trench
isolation process techniques. Thereafter, appropriate masking regimes may be
applied so as to incorporate a desired well dopant species in the various active
regions, such as the active region 102a, thereby adjusting the basic transistor
characteristics, such as conductivity type, threshold voltage and the like. As is
well known, a plurality of cleaning processes may typically have to be applied
which may result in a certain degree of material erosion in the isolation region
102¢, wherein additional rework processes of the lithography processes may
even further contribute to unwanted material erosion. Moreover, as discussed
above, in some active regions an additional semiconductor material (not shown)
is frequently provided on the basis of selective epitaxial growth techniques, for
instance for appropriately adjusting the threshold voltage of p-channel
transistors, wherein the corresponding masking process in combination with the
selective epitaxial growth techniques and the surface preparation processes
associated therewith may result in a pronounced material loss in the isolation

region 102¢ in particular in the vicinity of the active region 102a when



One illustrative nmethod di sclosed herein conprises formng a trench
isolation region in a sem conductor |ayer of a sem conductor device by
using a first dielectric fill material wherein the trench isolation region
| aterally delineates an active region in the sem conductor |ayer. The

met hod further conprises formng a cap layer on the first dielectric
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Further enbodinents of the present disclosure are I'n the appended
cl ai mvRiRE MARY Peperashiorforeingpihar gnictuia h3¢he fol | owi ng det ail ed
description when taken with reference to the acconpanying draw ngs, in
! Ch'With reference to Figs 1d ~ 1f a process sequence will be described as an

example for illustrating a failure mechanism, in which the encapsulation of the

gate electrode structures, such as the gate electrode structure 130c¢ (cf. Fig 1b),

may be insufficient and may result in pronounced vyield loss. It should be

appreciated, however, that a similar exposure of sensitive gate materials may

also occur at the end portions of the gate electrode structure 130 caused by the

pronounced recessing 102r, as shown in Fig 1c.

Fig 1d schematically illustrates the device 100 during an etch process 103 for
forming cavities 103a in the active region 102a adjacent to the isolation region
102¢. As illustrated, the cap materials 133 and the liner 134 may act as an etch

mask.

Fig 1e schematically illustrates the device 100 during a cleaning process 104 in
order to remove any etch byproducts and other contaminants thereby, however,
also contributing to a certain material erosion at exposed sidewall surface areas
in the cavities 103a.



Fig la schematically illustrates a top view of a sem conductor device
conprising high-k netal gate el ectroqs structures forned on the basis of a
conventional process strategy; Figs 1°b, lIc schematically illustrate
cross-sectional views of the device of Fig 1 a; Figs id - if schematically
illustrate cross-sectional views of a conventional manufacturing sequence
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havi ngotaes pedi ar certain degree of material erosion may occur in the cavities 103a
so that a sidewall surface area 131s of the sensitive material system 131 may be
exposed below the sidewall spacer structure 134 of the gate electrode structure
130c. Consequently, sensitive materials may be attacked and may be removed,
depending on the cleaning or etch chemistry used. Furthermore, during the
further processing, for instance upon epitaxially growing a strain inducing
semiconductor alloy in the cavities 103a, the sidewalls may not efficiently be
covered, thereby even further contributing {o material deterioration of the system

131 during the further processing.

Similarly, the recessed configuration of the isolation region 102¢ at or near the
end portions of the gate electrode structure 130c (cf. Fig 1¢) may also result in
an exposure of any sensitive materials thereby causing a significant shift of the

overall material characteristics.

In view of the situation described above, the present disclosure relates to
manufacturing techniques and semiconductor devices in which sophisticated
high-k metal gate electrode structures may be formed in an early manufacturing
stage while avoiding or at least reducing the effects of one or more of the

problems identified above.

SUMMARY OF THE PRESENT DISCLOSURE

Generally, the present disclosure provides manufacturing techniques and
semiconductor devices in which integrity of sensitive gate materials may bhe
ensured with superior efficiency by reducing the degree of recessing of trench
isolation regions in the vicinity of active regions. It has been recognized that, in
particular, the recessed configuration of trench isolation regions in close
proximity to active regions may significantly contribute to yield losses caused by
gate failures or gate deterioration. According to the principles disclosed herein,

a superior surface topography in isolation regions may be accomplished by



13 surface topography by providing an additional dielectric cap |ayer
according to illustrative enbodi nents,, DETAI LED DESCRI PTI ON Wil e the
present disclosure is described with reference to the enbodi nents as
illustrated in the follow ng detailed description as well as in the

drawi ngs, it should be understood that the follow ng detail ed description
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whi ch high-k netal gate el ectrode structures may be in an early
manuf 488181 Ayestcatie prasence of the dielectric cap layer having the superior etch
resistivity.

One illustrative method disclosed herein comprises forming a trench isolation
region in a semiconductor layer of a semiconductor device by using a first
dielectric fill material wherein the trench isolation region laterally delineates an
active region in the semiconductor layer. The method further comprises forming
a cap layer on the first dielectric material by using a second dielectric material,
wherein the first and second dielectric materials have a different material
composition.  Additionally, the method comprises forming a gate electrode
structure on the active region and the trench isolation region, which includes the

cap layer.

A further illustrative method disclosed herein comprises forming a trench
isolation region in a semiconductor layer of a semiconductor device by recessing
a first dielectric material of the trench isolation region and by forming a second
diefectric material as a cap layer on the recessed first dielectric material. The
method further comprises forming a gate electrode structure on the cap layer of
the trench isolation region, wherein the gate electrode structure comprises a

high-k dielectric material.



Wth reference to Figs 2a - 2j further illustrative enbodi ments will now be
described in nore detail wherein alsqoreference may be nmade to Figs la -
1f . Fig 2a schematically illustrates a cross-sectional view of a

sem conduct or device 200 in an early manufacturing stage. As shown, the
devi ce 200 may conprise a substrate 201 such as a semiconductor material or
any other carrier material that is appropriate for formng thereon or

t her eabove a seniconductor |ayer 202. The substrate 201 and the
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dependi ng on the overall device requirements. Thus, it should be

appreci ated that the thickness 210t of the first mask layer 210a is
typically greater than an oxide |ayer of seniconductor devices that may
receive a conventi ongRIEtF @EHCRIPIAONODFEBYE PRARANGS for instance

descri bed above with reference to the sem conductor device 100. Fig 2b
schematically illustrates the device 200 in a further advanced
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for instance by formng or depositing a liner material such as a silicon

di oxide liner material, which may be acconplished by oxidation and/or
deposiFti9onbuds sghematinally |lusttate sress-evtiiemyhieys of tamdevive ¢fi fig.1a;
Thereafter, a further silicon dioxide material may be deposited by applying
hi gh density plasnma deposition recipes, thereby substantially void-free
fillifdgs Hel t+ dhcdoden2ORially illustrate cross-sectional views of a conventional

manufacturing sequence for forming an embedded strain inducing semiconductor
alloy, thereby causing significant gate failures according to conventional
strategies; and

Figs 2a — 2j schematically illustrate cross-sectional views of a semiconductor
device during various manufacturing stages in forming high-k metal gate

electrode structures on the basis of trench isoiation regions having a superior



Fig 2d schematically illustrates the device 200 during a naterial renoval
process 205, which may be appl i ed as 4 chemi cal nechani cal planarization or
pol i shing process using appropriate etch recipes for removing a silicon
di oxi de material selectively with respect to t he mask | ayer 210Db.
Consequently, sinmlarly as in conventional STI (shaIIOM/trench i sol ation)
pr ocesgy k&b SR8 ph rbbianly aht £4416, MRt Gk f y be
used as a CWP stopprrg:@-r ?)a 7 g 2e sc%ematllegz “8 C%p{]%s\{ 60&%&@ ([;ng ce
200 mhéﬁs@ﬁbﬁ%édﬂﬁﬁhweﬂéactlve etch at nosphere 208 whi ch may be sel ected
such that the material 211 may preferably be renpbved with respect to the
mask material 210b and al so selectively with respect to the nmaterial of the
active regi ons 202a, 202b. To this end, a plurality of highly selective
etch reci pes are avail abl e, | st on hydrofluoric acid (HF)
and the like. It should be Q%ﬁ?ﬂLEE&@ggﬁﬁQ?%ggﬁertain degree of "under
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di el egttarl c material during the further processing of the device 200.



17 Fig 2h schematically illustrates the device 200 during a further etch
process 213 in which the height IeveI of trench isolation regions 202c,
conprised of the materials 211 and 215 may be reduced as for instance

i ndi cated by 212r, which nmay be acconplished on the basis of any
appropriate etch chenistry, such as a m xture of hydrofluoric acid and

et hyl epgir0lr¥eBbné eﬁl gh):oé% 2%35-—9%' 1‘1’1@}’ lﬂﬁ@ﬁét:@?p&ﬂBBH%?ﬂtgt ﬁ(hl %%Wb%t 'y,
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the active regions 202a, 202b. It should be appreciated that the materi al

of the layer 210a may al so be renoved to a certain degree, depending on the

sel ectFigi 23 sohetriaﬂalcatly:hﬂmmstar@'roet delteioptiD eSS 02 B3serhiconbiQulod deeideur t her
i i red, an further control rrat erial such as hafnium
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appropriate etch {)rotectl on layer. Fig 2i schematically illustrates the
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reci pes, for instance erein cap | ayer
i sol athﬁﬂr’égb@f’n@d 2@2@'3’?&5@ sudistiaht(nat | shpves enae b@epmweiﬂdommlhw the

est abl r f he furt
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havi ngditémdlydesinnect saurd alrgstlaﬁpmglsaphyowmgﬁer rmtamtf:alllm eod rsubstrate |2@MGL 212
ma r ide for superior robustness cle g reC| es, ic
Cyoi cafrs el R ER od B gRRIR ey FiheEMart &y Trasb eIt i con
oxi de-foased amiver i) SemfUndceiPiager R02SHRE, pr ﬁ@eémb%tdrrﬂbsgsﬁ@wnan%a@r eshol d
adj ustin may sel ective be formed on one type of

sem conduct or materi al I
acti vepor’ﬂ@'i'%a ?"0‘:1t Magh & 4 Wa reicices \Pesﬂ@ﬁﬂo%ozw@aiayﬁhl fodlowedehy act i ve
r egi ONfocoRdChaaR r@peremlbveof%tanc@%m@wm@é%ma&ﬁhys.nsom t‘l?ﬁ%d TO

this end, well-established masking regimes and sel ective epitaxial grow
t echnifjakesialn dbebiavers odl Gd.t R18ppmeyr bat wratesamimghe élaspres)fnalyy breei&ppl i ed

mher eidy b Bt P bREIdsCebRid &Y Sor A2alBY ) WddiEAn cteym Weg S,

recessing o non- masked' areas 1'on Hons
f ur t heste padéparats oy ti"fermm&yomanmtéd qiv ba@henuipaigyapbyr daps@udoby add the

non-sxwt I’Siir%ilé)rrlfr),c e Ia@'e?tﬂr(% Vn\ﬁ'atyhbe dBeposited by any appropriate deposition
technique. The first mask layer 210a may be provided with a thickness of
approximately 10 nm — 25 nm so as to provide for sufficient process margins
during the further processing when forming a dielectric cap layer in trench
isolation regions. Furthermore, the layer 210b may be provided with a thickness
of approximately 60 — 100 nm, depending on the overall device requirements.
Thus, it should be appreciated that the thickness 210t of the first mask layer
210a is typically greater than an oxide layer of semiconductor devices that may
receive a conventional trench isolation region, as is for instance described above

with reference to the semiconductor device 100.

Fig 2b schematically illustrates the device 200 in a further advanced
manufacturing stage in which trenches 202t are formed so as to extend through
the semiconductor layer 202, thereby lateraily delineating a plurality of active
regions, such as active regions 202a, 202b. To this end, the mask layer 210 may
be appropriately patterned on the basis of a lithography process using a resist

material in order to pattern the mask layer 210, which may then be used as a



respect to the active regions 202a, 202b, a selective renoval of materi al
of the cap layers 212 in previously sked areas may be applied by using a
resi st mask and applying an appropriate etch chem stry for renoving a
portion of the dielectric cap layer 212. In other cases, a difference in
hei ght | evels of the active regions 202a, which nmay receive the threshold
adj USthAd SREkTRRGIEAIAG Ald Mo AU IEORIRGD! VAN T508R: S o RY Ot
recei ve a correspondi ng sem conductor al loy,” may be acconplléheg y
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Wi thi n.dhe terepsialiglei n the degree of recessing and/or the thickness of
the sem conductor alloy may appropriately be selected so as to obtain a
desired height level. 1In still other enbodi nents, as al so di scussed above

with reference to.the sen caonductor devj 100, after tterning the
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close proximty to the active region 202a. The gate el ectrode structures
230a, .....,, 230cC opprise a material_ system 231 acting as a gate
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surface 211s of the dielectric material 211 with respect to a surface 202s of the

active regions 202a, 202b may be adjusted. For example, the degree of

recessing 211r may be adjusted to approximately 5 — 50 nm, depending on the

etch resistivity of a further dielectric material to be filled into the trench 202t in a

later manufacturing stage.



Furthernore, in sone illustrative enbodi nents as shown, cavities 203a may
be filled or overfilled with an apprqﬁriate strain induci ng sem conduct or
mat erial 253, such as a silicon/germaniumalloy, a silicon/tin alloy, a
silicon/germaniunitin alloy, a silicon/carbon alloy and the Iike. On the

ot her hand, the materials 253 and 251a may not be present in the active
regi on 202b, depending on the overall device requirenents. The

sem conduct or device 200 as shown in Fig 2) may be forned on the basis of
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enbodimante. used as a stop material. In other illustrative embodiments, the removal
process 209 may be controlled on the basis of appropriately selecting the polish
time in order to substantially expose the layer 210a. In still other illustrative
embodiments (not shown) the mask layer 210 (cf. Fig 2a) may be formed so as to
include a thin dedicated stop layer, for instance in the form of hafnium oxide and
the like, which may be provided between the layers 210a, 210b of Fig 2a. For
example, a layer thickness of 2 — 10 nm may be selected for a corresponding
stop layer, which may then be used for more efficiently controlling the removal
process 209. [t should be appreciated that hafnium oxide is a well-established
material which may also be used as an efficient high-k dielectric material during

the further processing of the device 200.



21 CLAIMS A met hod conprising: formng a trench isolation region in a
sem conduct or | ayer of a sem conduct QF device by using a first dielectric
material, said trench isolation regi orz laterally delineating an active
region in said sem conductor |ayer; formng a cap layer on said first
dielectric material by using a second dielectric material, said first and
second dielectric materials having different material conposition; and
formng a gate el ectrode structure on said active region and said trench
i sol atign2ly eghematinsllyidiusgrases dhe alevicey 200 during a further etch process 213

in which the height level of trench isolation regions 202c, comprised of the
materials 211 and 212, may be reduced as for instance indicated by 212r, which
may be accomplished on the basis of any appropriate etch chemistry, such as a
mixture of hydrofluoric acid and ethylene glycol (HFEG) or based on any other
appropriate etch chemistry, which exhibits a high degree of selectivity with
respect to silicon material. In this case, the height level may be reduced without
affecting the aclive regions 202a, 202b. It should be appreciated that the
material of the layer 210a may also be removed to a certain degree, depending
on the selectivity of the etch chemistry of the process 213. It should be further
appreciated that, if required, any further control material such as hafnium oxide
and the like may be removed prior to, during or after the process 213, while
using the remaining portion of the mask layer 210a as an appropriate etch

protection layer.

Fig 2i schematically illustrates the device 200 after the removal of the mask layer
210a (cf. Fig 2h). The removal may be accomplished by using well-established
wet chemical etch recipes, for instance by applying HF wherein the cap layer 212
in the isolation regions 202¢ may substantially preserve the previously

established surface topography thereof.

Consequently, the further processing may be continued on the basis of the
isolation regions 202c having the desired surface topography wherein the
dielectric cap layer 212 may provide for superior robustness during any cleaning
recipes, which typically include reactive agents that may efficiently remove any
silicon oxide-based materials. For example, in some process strategies, a
threshold adjusting semiconductor material may selectively be formed on one
type of active region, for instance in the active region 202a, while other active
regions, such as the active region 202b, may appropriately be covered. To this
end, well-established masking regimes and selective epitaxial growth techniques
in combination with appropriate cleaning recipes may be applied wherein the
dielectric cap layer 212 may significantly reduce undue recessing of any non-
masked areas of the isolation regions 202¢. For a further adaptation of the

overall surface topography caused by a non-symmetric process history with



The nethod of claim1, wherein formng a gate el ectrode structure conprises

formng a gate insul atlon | ayer so as

mat er i

to include a high-k dielectric

al and form ng a netal containi |§g el ectrode nmaterial above said gate
i nsulation | ayer. The nethod of claim2, wherein formng said gate

el ectrode structure further conprises formng a protective liner on
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the active region 202b, which may not receive a corresponding semiconductor
alloy, may be accomplished by recessing the active region 202a and regrowing
the semiconductor alloy within the recess, wherein the degree of recessing
and/or the thickness of the semiconductor alloy may appropriately be selected so

as to obtain a desired height level.

In still other embodiments, as also discussed above with reference to the
semiconductor device 100, after patterning the sophisticated high-k metal gate
electrode structure, a strain inducing semiconductor alioy may be formed wherein
aiso the superior robustness of the dielectric cap layer 212 may significantly

reduce the probability of exposing sensitive gate materials.

Fig 2} schematically illustrates the semiconductor device 200 in a further
advanced manufacturing stage. As shown, gate electrode structures 230a of
transistors 250a may be formed on the active region 202a and gate electrode
structures 230b of transistors 2560b may be formed on the active region 202b. It
should be appreciated that, as illustrated in Fig 1a, the gate electrode structures
230a, 230b may also extend with respective end portions above the isolation
region 202¢, depending on the overall layout requirements. Furthermore, a gate
electrode structure 230c may be formed on the isolation region 202c in close
proximity to the active region 202a. The gate electrode structures 230a, ..., 230c
may comprise a material system 231 acting as a gate insulation layer and may
comprise a high-k dielectric material 231b, possibly in combination with a
conventional gate dielectric material 231a, such as a silicon dioxide, a silicon
oxynitride and the like. Moreover, a metal-containing electrode material 2322
may be formed on the gate insulation layer 231 and may be comprised of
titanium nitride, tantalum, tantalum nitride and the like. Furthermore, a
semiconductor-based electrode material 232 may be provided. The materials
232, 232a and the gate insulation layer 231 may be encapsulated by a liner or
sidewall spacer 234 and a dielectric cap layer 233 may be provided. It should be



6. The nmethod of claim 1, further conprising formng a sem conductor all oy
on said active region prior to form ng said gate el ectrode structure. The
nmet hod of claim6, wherein formng said sem conductor alloy conprises
recessing said active region and sel ectively depositing said sem conduct or
alloy in said recess. 8 The nethod of claim1, further conprising formng
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Furthermore, in the active region 202a a threshold voltage adjusting
semiconductor alloy such as a silicon/germanium alloy 251a may be provided so
as to act as a portion of a channel area 251, which thus forms an interface 251s
with the corresponding gate insulation layers 231. Consequently, as discussed
above, due to the presence of the dielectric cap layer 212 in the isolation regions
202¢, in addition to a superior surface topography of the isolation regions 202c, a
height level of the dielectric material 211 may be less than a height level defined
by the interface 251s, as is indicated by the difference in height levels 251d.

Furthermore, in some illustrative embodiments as shown, cavities 203a may be
filed or overfilled with an appropriate strain inducing semiconductor material
253, such as a silicon/germanium alloy, a silicon/tin  alloy, a
silicon/germanium/tin alloy, a silicon/carbon alloy and the like. On the other
hand, the materials 253 and 251a may not be present in the active region 202b,

depending on the overall device requirements.

The semiconductor device 200 as shown in Fig 2] may be formed on the basis of
process techniques described above and also described with reference to the
semiconductor device 100. That is, after forming the isolation regions 202c
having the superior surface topography due to the dielectric cap layer 212, the
further processing may be continued by incorporating appropriate well dopant
species into the active regions 202a, 202b, wherein additional rework processes
may not negatively affect the finally obtained surface topography of the regions
202¢c. Thereafter, if required, the material 251a may be incorporated into the
active region 202a, while the active region 202b may be masked, for instance by
an oxide hard mask material and the like. As discussed above, the region 202a
may be recessed prior to growing the material 251a in order to obtain a desired
surface leveling with respect to the active region 202b. Next, the gate electrode



formng a gate el ectrode structure on said cap | ayer of said trench

I sol ation region, said gate el ectrode%ostructure conprising a high-k
dielectric material. 11. The method of" claim 10, wherein recessing said
first dielectric material conprises adjusting a height |level of said first
dielectric material so as to be below a height |evel of a surface of said
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formed so as to reliably confine the sensitive gate materials 231, 232a. Due to
the robustness of the dielectric cap layer 212, pronounced recess portions such
as the portions 102r (cf. Figs 1b — 1f) may be avoided or at least significantly
reduced, thereby also increasing integrity of the liner 234 and thus of the
sensitive materials 231, 232a.

As a result, the present disclosure provides manufacturing techniques and
semiconductor devices in which the encapsulation of sophisticated high-k metal
gate electrode structures may be improved by reducing the surface topography
of trench isolation regions. To this end, after filling the isolation trenches with an
appropriate dielectric material, this material is recessed and an appropriate
second dielectric material is provided, which has higher etch resistivity with
respect to a plurality of cleaning recipes. In this manner, increased production
yield may be obtained for process techniques in which high-k metal gate

electrode structures are to be provided in an early manufacturing stage.

FFurther 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 teaching provided herein. It is to be understood that
the forms of the subject matter shown and described herein are to be taken as the

presently preferred embodiments.



23 is laterally delineated in said sem conductor |ayer by said trench
i sol ation region. 14. The nethod of aim 11, wherein formng said gate
el ectrode structure conprises form ndg a | ayer stack conprising a gate

i nsul ation |ayer including said high-k dielectric materi al

and a netal

containing el ectrode naterial above said gate insulation |ayer, patter ni ng
said | ayer stack and formng a proqu_%' i ner on sidewalls of said
od of c

patterned | ayer stack. 15. The net

| ai m 14, further conprising

formng cavities in an active region that is laterally delineated in sai d
sem conduct Qr, r Ea said. trench isolation region and formng a strain
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i nduci ng sem condu

y in said cavities. 16. The nmethod of claim 10,

further conprising forming a first mask |ayer on said seniconductor |ayer

and formn

first and

a second mask I,ag r.on said first mask | ayer and usin
r's %‘
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semiconductor device by using a first dielectric material, said trench
isolation region laterally delineating an active region in said semiconductor

layer;

forming a cap layer on said first dielectric material by using a second
dielectric material, said first and second dielectric materials having

different material composition; and

forming a gate electrode structure on said active region and said trench

isolation region including said cap layer.

The method of claim 1, wherein forming a gate electrode structure
comprises forming a gate insulation layer so as to include a high-k
dielectric material and forming a metal containing electrode material above

said gate insulation layer.

The method of claim 2, wherein forming said gate electrode structure
further comprises forming a protective liner on sidewalls of said gate

insulation layer and said metal containing electrode material.

The method of claim 1, wherein forming said cap layer comprises filling an
isolation trench at least with said first dielectric material, recessing said
first dielectric material and forming said second dielectric material on said

recessed first dielectric material.

The method of claim 4, wherein recessing said first dielectric material
comprises adjusting a height level of said first dielectric material so as {o

be below a height level of a surface of said semiconductor layer.



for formng a trench in said sem conductor layer. 17. The method of claim
16, wherein said first mask | ayer conprises a silicon oxide material and
has a thickness of approxinmately 10 (nanoneter) or nore. 18. A

sem conductor device conprising: a trench isolation region laterally
delineating an active region in a sem conductor |ayer, said trench
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gate el ectrode structure formed on a channel area of said active region,
said gate el ectrode structure conprising a material systemconprising a
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gate el ectrode structure further co,ngri sing a protective |iner formed on
54 comprises recessing said active region and selectively depositing said

semiconductor alloy in said recess.

8. The method of claim 1, further comprising forming a cavity in said active
region in the presence of said gate electrode structure and forming a strain

inducing semiconductor material in said cavity.

9. The method of claim 8, wherein said strain inducing semiconductor

material comprises at least one of germanium, tin and carbon.
10. A method comprising:

forming a trench isolation region in a semiconductor layer of a
semiconductor device by recessing a first dielectric material of said trench
isolation region and forming a second dielectric material as a cap layer on

said recessed first dielectric material: and

forming a gate electrode structure on said cap layer of said trench isoclation
region, said gate electrode structure comprising a high-k dielectric

material.

11.  The method of claim 10, wherein recessing said first dielectric material
comprises adjusting a height level of said first dielectric material so as to

be below a height level of a surface of said semiconductor layer.

12.  The method of claim 10, wherein forming a second dielectric material as a
cap layer comprises depositing a silicon and nitrogen containing layer and

performing a planarization process.

13.  The method of claim 10, further comprising, prior to forming said gate

electrode structure, forming a semiconductor alloy on an active region that



sidewal I s of said high-k dielectric material and said netal containing

el ectrode material. 19. The sem condugtor device of claim 18, wherein said
channel region conprises a sem conductor alloy. 20. The sem conduct or
device of claim 18, wherein said first dielectric material extends to a
hei ght level that is less than a height level of an interface forned by a
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region.

14.  The method of claim 11, wherein forming said gate electrode structure
comprises forming a layer stack comprising a gate insulation layer
including said high-k dielectric material and a metal containing electrode
material above said gate insulation layer, patterning said layer stack and

forming a protective liner on sidewalls of said patterned layer stack.

15.  The method of claim 14, further comprising forming cavities in an active
region that is laterally delineated in said semiconductor layer by said
trench isolation region and forming a strain inducing semiconductor alloy in

said cavities.

16.  The method of claim 10, further comprising forming a first mask layer on
said semiconductor layer and forming a second mask layer on said first
mask layer and using said first and second mask layers as an etch mask

for forming a trench in said semiconductor layer.

17.  The method of claim 16, wherein said first mask layer comprises a silicon
oxide material and has a thickness of approximately 10 nm (nanometer) or

more.
18. A semiconductor device comprising:

a trench isclation region tlaterally delineating an active region in a
semiconductor layer, said trench isolation region comprising a first
dielectric material and a second dielectric material formed on said first
dielectric material, said first and second dielectric materials differing in

material composition; and

a gate electrode structure formed on a channel area of said active region,
said gate electrode structure comprising a material system comprising a
high-k dielectric material and a metal containing electrode material, said

gate electrode structure further comprising a protective liner formed on



19.

20.

24

sidewalls of said high-k dielectric material and said metal containing

electrode material.

The semiconductor device of claim 18, wherein said channel region

comprises a semiconductor alloy.

The semiconductor device of claim 18, wherein said first dielectric material
extends to a height level that is less than a height level of an interface
formed by a gate insulation layer of said gate electrode structure and said

channel region.



