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FI ELD OF THE PRESENT DI SCLOSURE The present disclosure generally relates to
the field of fabricating integrated circuits, and nore particularly rel ates
to conplex integrated circuits that cofprise netal gate el ectrode
structures forned according to a repl acenent gate approach. DESCRI PTI ON OF

THE RELATED ART
REDUCED DEFECTIVITY IN CONTACTS OF A SEMICONDUCTOR DEVICE

COMPRISING REPLACEMENT GATE ELECTRODE STRUCTURES BY
USING AN INTERMEDIATE CAP LAYER

FIELD OF THE PRESENT DISCLOSURE

The present disclosure generally relates to the field of fabricating integrated
circuits, and more particularly relates to complex integrated circuits that
comprise metal gate electrode structures formed according to a replacement

gate approach.

DESCRIPTION OF THE RELATED ART

In modern integrated circuits, a very high number of individual circuit
elements, such as field effect transistors, resistors, capacitors, and the like
are formed on a single chip area. Typically, feature sizes of these circuit
elements are steadily decreased with the introduction of every new circuit
generation, to provide currently available integrated circuits with a high
performance in terms of speed and/or power consumption. A reduction of the
size of f{ransistors is an important aspect in steadily improving device
performance of complex integrated circuits, such as CPUs. The reduction in
size commonly brings about an increased switching speed, thereby enhancing

signal processing performance.

With the increasing shrinkage of the features sizes of semiconductor-based
circuit elements such as transistors, thereby significantly increasing the
overall complexity the manufacturing processes, also the complexity of a
wiring system that establishes the electrical connection of the semiconductor
based circuit elements and of any other circuit elements has to be adapted to
the increasing number of circuit elements and the significantly increased

packing density. Consequently, typically in complex integrated circuits, a
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dielectric material, may thus represent an appropriate interface between the



3 actual sem conductor-based circuit elenents and the conpl ex
nmetallization system which is frequently conprised of copper and
sophisticated lowk dielectric materials. In order to appropriately connect
the circuit elenents to the netallization system thus appropriate contact
el ements have to be provided in the interlayer dielectric material so as to
provide in sone cases a direct connection between several circuit elenents
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5 regions, a proper control of the conductive channel, which fornms in the
channel region upon application of an appropriate control voltage to the
gate el ectrode. Due to the nany advantages in using silicon dioxide as a
base material for gate insulation |ayers formed on a silicon-based channel
region, silicon dioxide-based dielectric materials have wi dely been used as
a gate dielectric material. For a thickness of approximately 1.5 nm and
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used. In this case, the transistors 150a, 150b conprise drain and source
regions 153 within the sem conductor |layer 102 and laterally enclose a
channel region 152, in which a conductive channel forns upon applying an
appropriate control voltage to a gate electrode structure 130, as is al so
previ ously expl ai ned. The drain and source regions 153 nay conprise
appropriate contact areas, in the exanple shown as netal silicide regions



7 which may receive a netal suicide in a |later manufacturing stage, for

i nstance after conpleting the gate el ectrode structures 130, if any

addi ti onal high tenperature processes are required, which are not
conpatible with the thermal stability of a desired netal silicide material.
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may then be renoved on the basis of highly selective etch chem stries,
thereby form ng the gate openings 1300. It should be appreciated that al so
any dielectric material provided at the bottom of the gate opening 1300 may
be renoved, at |least partially, if considered appropriate, and thereafter
the high-k dielectric material 131 may be deposited. In other cases, a

hi gh-k dielectric material may have been provided in an early manufacturing
stage. If required, the material |ayer 132



9 is deposited by any appropriate deposition technique, foll owed by the
deposition of the electrode netal 133, which may be acconplished by sputter
deposition, electrochem cal deposition and the like. In order to reliably
fill the gate openings 1300, a certain,degree of overfill is typically
required, as is shown in dashed lines n Fig 1 a. Next, any excess materi al
of the layer 133 and possibly of the layer 132 is renoved on the basis of a
chem cal mechani cal polishing process 103, in which preferably the material

of the | pyermadadfdcsumeymanege, As gitsCusrffe@ilP\Re Haut apddsystan sARRtERY i ate
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metal | iz ?’@ﬁbgfg‘tpéﬁgeﬂnt 2% %’@ﬂ Vﬁ’ﬁ%a‘? ef%%cec&Pé& P%r“e s 154 in the drain

and source regions 153 may require contact elenents extendi ng through the
120 wherein, however, contrary to many ot her
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thus allowi ng the patterning of contact openings wth reduced | ateral
di mensi oH¥ comprises a substrate 101 and a semiconductor layer 102, such as a
silicon-based semiconductor material and the like. The semiconductor layer
102 and the substrate 101 may represent an SOI (silicon on insulator)
architecture when a buried insulating material (not shown) is formed below the
semiconductor layer 102. In other cases, the semiconductor layer 102 may
represent, at least in an initial manufacturing stage, a portion of a crystalline
material of the substrate 101, thereby forming a bulk configuration. A plurality
of transistors 150a, 150b is formed in and above the semiconductor layer 102
wherein, in the example shown, a planar transistor architecture may be used.
In this case, the transistors 150a, 150b comprise drain and source regions
153 within the semiconductor fayer 102 and laterally enclose a channel region
152, in which a conductive channel forms upon applying an appropriate
control voltage to a gate electrode structure 130, as is also previously
explained. The drain and source regions 153 may comprise appropriate
contact areas, in the example shown as metal silicide regions 154. In other

cases the contact areas 154 may be highly doped semiconductor regions,



Fig | b schematically illustrates the sem conductor device 100 in a further
advanced manuf acturing stage. An etch mask 104, such as a resist nmask and
the like, is formed on the interlayer dielectric material 120 and is
appropriately configured so as to defipe the |ateral size and position of
contact openings 123 to be forned in the material 120. Since the height of
the contact openings 123 is substantially restricted to the height of the
gate el ectrode structures 130, desired reduced | ateral dinmensions may be
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irregularities, such as depleted zones 125a, which may result in a
significantly increased contact resistivity. On the other hand,



12 metal -filled cracks, such as the crack 124 on the left hand side of Fig
1 f, may connect two of the contact elenents 125 thereby "short-circuiting"
t hese contacts 125, which may even result in a total failure of the device
100. Consequently, in a contact reginme,using the dielectric material 120
for formng contact el enments of reduce% hei ght, the conventional strategy
descri bed above nmay provide for significant defectivity and device
failures, which may thus contribute to a reduced production yield. In sone

convent i Dhalsenpipbndahes desigEen 00r as lillfstiate@ieHigl1R My Be fosesd dur inrg t he
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effects aroong BPVSHEERFRENT iR ERtT FrlhelimoE Riaafigty R o
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el ectrodes w thout unduly increasing the aspect ratio of tThe contact
openi ngsSWectBEes of 3R dsimilamdoj moaveRlenaldinspeesy i stratgoies avsingt silif@nsane

time tNGolRRAARLRED A gdi8YelbelrbaB! dridiliePiMNELAGKS éd;@%smge@%gn&een .
g anh earlier manufacturing sequence, thereby reducing the risk
of creatinateriddi tlinonthier | akageheat the, highi-k eligleviic meltessl ienedhbimation appl y
wel | 'eSt\ﬁmiaﬂ&%ﬂductive cap material may be provided in this early manufacturing
stage together with a silicon material. After the patterning of the gate
electrode structures, for instance with a critical length of 40 nm and less, the
further processing is continued on the basis of any appropriate process flow
for forming the drain and source regions 153 in combination with the sidewall
spacer structure 151. After any high temperature processes for activing the
dopants and adjusting the final dopant profile of the drain and source regions
153, the metal silicide 154 may be formed on the basis of any appropriate
silicidation technique. Next, the material 120 may be formed, for instance by
depositing the layers 121, 122, which may include the deposition of highly
stressed dielectric materials for further enhancing performance of one or both
of the transistors 150a, 150b and the like. Thereafter, the material 120 may
be planarized so as to finally expose the polysilicon material in the gate
electrode structures 130, which may then be removed on the basis of highly
selective etch chemistries, thereby forming the gate openings 1300. [t should
be appreciated that also any dielectric material provided at the bottom of the
gate opening 1300 may be removed, at least partially, if considered
appropriate, and thereafter the high-k dielectric material 131 may be
deposited. In other cases, a high-k dielectric material may have been
provided in an early manufacturing stage. If required, the material layer 132



13 polishing-based renoval processes during the replacenent gate approach.
In sone illustrative aspects disclosed herein, the nmask material may

si mul t aneously be used as a hard mask for etching the contact openings,

t hereby contributing to a very efficiegt overall process flow w thout

i ncreasing the aspect ratio of the resulting contact openings. One
illustrative nethod disclosed herein conprises formng a dielectric cap

| ayer above a gate el ectrode structure of a transistor that is forned above
a sem coisduddmositesigipn. antheagabvpriatee cdemugtion r tecthuigud, s fbidves@l by gnpedded
in an interlayer dielectrjc material,.anqg . conprises a high-k dielectric
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renoval phawseesthe tdmoval process 103, when typically two different metal species,
such as the material of the layer 133 and the metal component of the layer
132 are to be polished. Consequently, in addition to any micro scratches,
which may be caused by the alumina particles in the dielectric material 120,
te. after removing the very thin dielectric material 131, if provided at all, the
increasing agglomeration of the alumina particles may cause pronounced
cracks in the material 122, as indicated by 124. Since a corresponding over-
polish time may have to be applied in order to reliably remove any metal
residues, a significant number of cracks 124 may be generated during the

removal process 103.

After the removal process 103 the gate electrode structures 130 are laterally
embedded by the interlayer dielectric material 120, while on the other hand
the highly conductive gate electrode structures 130 have exposed metal
surface areas, thereby allowing to be contacted by any metal regions of a
metallization system. On the other hand, the contact areas 154 in the drain
and source regions 153 may require contact elements extending through the
interlayer dielectric material 120 wherein, however, contrary to many other

conventional approaches, these contact elements may be formed through a



A still further illustrative nmethod di scl osed herein conprises formng a
dielectric etch mask above a dielectric material and an el ectrode netal of
a gate electrode structure that is laterally enbedded in the dielectric
material. The etch mask covers the el %trode metal and conprises a mask
opening so as to define a lateral position and size of a contact opening.
The nmethod additionally conprises formng the contact opening in the
dielectric material by using the etch nask. Furthernore, the nethod

conpr i semokiiekdeng thihed etadtact mapeiainthank b v otdiRgUid e aBPEES ratio iamdt he
presence, of the etch mask and .reno ing the etch mask at |east fromthe
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the presghierlisgd.osure are defined in the appended clainms and will becone
nore apparent with the follow ng detail ed description when taken with
reference to the acconpanying drawings, in which: Figs la and |Ib
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when formng a contact dpening in a dielectric material having a height
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U hwhi ch1é$:et°f§ﬁn&a{m 'Exgﬁs@m@rjig&of e L8Rt %‘Qhﬁe‘ffaﬁ‘wnrt%%tult in

a high dgf@thgs A28 accubdta1aidIg Foatverld enahe Stdighedirade Fa@ didctrode
schematically illustrates a top view of the sem Cconductor device with
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strategi&sabling to provide the semiconductor device 100 with an increased packing
density. That is, the lateral offset of the transistors 150a, 1500 may be
selected so as to comply with the patterning capability for forming the contact
opening 123 through the layer 120 having a height that substantially
corresponds to the height of the gate electrode structures 130. The etch
mask 104 may be provided on the basis of any appropriate lithography
technique. Thereafter, an appropriate etch sequence is applied so as to etch
through the materials 122 and 121 in order to finally expose the metal silicide
in the contact areas 154. Thereafter, the etch mask 104 is removed and, if

required, appropriate cleaning processes may be applied.

~ig 1c schematically illustrates a top view of the semiconductor device 100
after the above-described process sequence. As illustrated, a plurality of the
gate electrode structures 130 is provided and the contact openings 123 are
appropriately positioned so as to provide for the required electrical contact to
the transistors 150a, 150b, as shown in Figs 1a and 1b. Furthermore, as
shown, the cracks 124 may be present in a more or less pronounced degree,
wherein some of the cracks 124 may extend between two contact openings

123, as is Hliustrated at the left hand side in Fig 1c.

Fig 1d schematically illustrates the device 100, again in a cross-sectional

view, in a further advanced manufacturing stage. As illustrated, a contact



15 Fig 2a schematically illustrates a cross-sectional view of a

sem conductor device conprising high-k metal gate el ectrode structures
formed on the basis of a replacenent gate approach with a dielectric cap

| ayer or a mask layer that covers the glectrode netal of the gate el ectrode
structures according to illustrative enbodiments; Fig 2b schematically
il'lustrates the device with an etch mask for comonly patterning the
dielectric cap layer and the interlayer dielectric material according to
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DESCRI PTI ON
Fig 1e schematically illustrates the device 100 during a further removal
process 105 that comprises a chemical mechanical polishing process. During
the process 105 any excess material of the layers 126 and 127, if provided,
(cf. Fig 1d) are removed as discussed above. Typically, a specific slurry
material may have to be selected so as to provide for a desired degree of
selectivity during the polishing process 105. During a final phase of the
process 105, however, at least two different metals may be present, ie. the
electrode metal 133, such as aluminium, an aluminium alloy and the like, and
the contact material 126, for instance in the form of tungsten. Consequently,
due to different electrochemical behaviour of the metals 133, 126, these
materials may differently “respond” to the siurry used, which may result in a
different degree of material removal in the final phase of the process 105, In
some cases, metal agglomeration may be observed in one type of metals,
while a pronounced metal depletion may be observed for the other type of
metal during the final polishing phase. Furthermore, since a certain over-
polish time may have to be applied in order to provide electrically insulated
contact elements 125, a corresponding difference in response to the applied
slurry material may thus result in metal depletion, for instance in the contact
elements 125. On the other hand, the previously generated cracks 124 may
still remain filled with the contact material, thereby providing efficient “leakage

paths”.

Fig 1f schematically illustrates the semiconductor device 100 after the
polishing process 105 shown in Fig 1e. As illustrated, some of the contact
elements 125 may include irregularities, such as depleted zones 125a, which

may result in a significantly increased contact resistivity. On the other hand,



Whil e the present disclosure is described wth 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 foll owi ng detail ed description
as well as the draw ngs are not intend@d tolimt the present disclosure to
the particular illustrative enbodi ments disclosed, but rather the described
illustrative enbodinents nerely exenplify the various aspects of the
present disclosure, the scope of which is defined by the appended cl ai ns.
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sem conductor devices including circuit elenents having critical dinensions
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transi stors incl g gh-k nmetal gate electrode structures. 1
the effects of one or more of the problems identified above.

SUMMARY OF THE DISCLOSURE

Generally, the present disclosure provides manufacturing technigues in which
contact elements may be formed in the presence of sophisticated high-k metal
gate electrode structures, wherein any defects caused by metal removal
processes may be reduced by masking the metal gate electrodes without
unduly increasing the aspect ratio of the contact openings to be formed in the
interlayer dielectric material. At the same time, the mask material may
reliably fill any cracks that may have been created during an earlier
manufacturing sequence, thereby reducing the risk of creating additional

leakage paths, while nevertheless enabling to apply well-established



above which transistor elenments 250a, 250b may be provided. The transistors
250a, 250b may conprise gate el ectrode structures 230, drain and source
regi ons 253, channel regions 252 and contact regions 254. The gate

el ectrode structures 230 in this nanuf1%cturi ng stage may represent high-k
nmetal gate el ectrode structures, which may conprise a high-k dielectric
material 231 and an el ectrode netal 233, possibly in conbination with a
wor k function nmetal 232 or any other type of conductive barrier or etch

st op nat polisiingsiadedasemotamruoesydsr dakdng tieatedluoe ment igdes apgréduh.| irke. The
transi stors 250a, 250b may represent sophisticated planar transijstor
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renmova r ss,. such as e prqocess 1 as described wth reference to Fig
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224 within the dielectric material 220, as is also previously discussed.
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on the sunfaeenyepsegc@aphyernovdihgobayer 220 after the preceding renova
process. That is, the thickness of the layer 210 is typically selected to
be greater than an expected maxi mum depth of the cracks 224, thereby
ensuring a reliable filling of the cracks 224 with a dielectric material.
Dependi ng on the deposition technique used, a polishing process nay be
applied so as to provide for a superior surface topography of the |ayer

210. Fig 2b schematically illustrates the sem conductor device 200 in a
further



advanced manufacturing stage. As illustrated, an etch mask 204 may be
provided, for instance in the formof a resist material, in order to
determine 19 the lateral size and position of contact openings 223 to be
formed in the dielectric material 220 gnhd the dielectric cap |ayer 210. To
this end, any appropriate |ithography technique my be applied. Thereafter,
any appropriate etch process nmay be used so as to etch through the | ayer
210 and through the | ayers 220, thereby finally exposing a portion of the
contact Aegitiinsu2bdr. iTositdtivee emdihahydiaplasedr ihat@nproagssesedopeingaya be

applied. ;For exanple, the dielecfrjc,cap |layer 210 may have a simlar etch
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chem striBrray be applied to etch through the |ayer 210 and subsequently
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sen conduct or device 200 accor di ntg to still further illustrative

enbodi meadditicnatihicomprires &yering1ibenegnioet wpedings inthetditleatisk matheaal i s,
the diel gotrligamplerdial pbokhe davelnfdd TBY Be.RaLtELABASO Ak Oufcecel ve
respective mask openi ngs a, I'ch may ' correspond to the contact openings
223. To thmtscendenag edhsd coadkctiay rbateuiwédn fiioe ppasderenphohé léch ayesk 210,

whi ch na hen be used as the actual, .etch nmask after e renoval of the
resi st n%?élr?'glo.\”qgoﬁ’ee?(tﬁﬁﬂpﬁ,sk taﬁ eqsé%q,mgtl]@ eﬁ%%;r B&pri sed of amor phous
carbon, possibly in conbination with silicon oxynitride and the |ike, so

that a reduced thickness of the layer 210 may provide for sufficient etch
resistivity in order to reliably formthe contact openings 223 with the

desired | ateral di mengraps. pORCA®QDREDMaAd, DRAGVAESt rode metal 233 may
reliably be covered by the |ayer 210 and al so the cracks 224 may be seal ed,

except for any cracked portions which nay be within an area correspondi ng

to the cophict -BRSIIIMGAILEE (ndNFbsERr MOGIACKRIABAILL R (ROSAdIONRRG, Wi thi N
t he openings 2I0a may reliably 'be exposed upon patterning e 'layer 210. In
ot her caslagnstanel wiltheowsk P06 mppabenpwdni thedoilowirnye détmilmdode scrigdioymer

may pe- 1 VEE0 R M RPN P AR Bl edR A A98R8" kPRt he subsequent
deposition of the contact material.
Figs 1a and 1b schematically illustrate cross-sectional views of a
semiconductor device when forming a contact opening in a dielectric material
having a height comparable to the height of a high-k metal gate electrode

structure according to a conventional strategy;

Fig 1c schematically illustrates a top view of the semiconductor device after

the etch process for forming contact openings;

Figs 1d and 1e schematically illustrate cross-sectional views of the
semiconductor device in further advanced manufacturing stages in which the
removal of excess material of the contact metal may result in a high defect

rate according to conventional strategies;

Fig 1f schematically illustrates a top view of the semiconductor device with
defective contact elements and leakage paths according to conventional

strategies;



20 After form ng the contact openings 223 one or nore conductive materials
may be deposited on the basis of any appropriate deposition technique, such
as CVD, el ectrochem cal deposition, sputter deposition, or any conbination
thereof, while the layer 210 may be prgsent and may thus reliably seal the
cracks 224 and cover the el ectrode netal 233. In sone illustrative

enbodi nents the contact material to be deposited in the openings 223 may
have a different material conposition conpared to the el ectrode netal 233,
t her eby providing for a high degree of flexibility in selecting an

appropri J1at e electrode, structures, 230, on t one
hand, an(% g & Pﬁé %@Itl @Y BP%‘%&WS A §oge %%F'REBF iieW hef gpéﬁm@%”‘g‘% on the
ot her haaelwcérbm;hﬂmngaslga k ﬁ'ielwﬂ GditeOs| et 10 d8 AR TR fodth YN BBe W f or

t he cont aft el rrents as al so be used as the electrode netal 233. Fig

2d schen@t PcHif %CWPBE@@&? é’é’ptr?l%crké‘fﬁhcén@'ﬁ&‘ﬁﬁcc@ﬂ VeIV @i RSk lapeit act

mat eri al W2 Govers Mhae|EHNESE fRetaflod ThEIdHR: AL WA d:%)ésa@mdfqgetd I ke,
formed in the contact openings 223 and "above the dielectric cap yer 210.

It shoul #upbatppresehediattttat, if required, one or nore additional material
| ayers, such as conductive barrier materi aI s and the |like, may be provided,
as is also previously discussed with reference to the sem conduct or device
100. FurFl@eEhwtdlemh*éC&feNiimt@w iegy dewicubjitctedetco masht for i @mmentyal

process C |ustrative d i ment s es a chem cal
nmechani cé?é%rrnoc%ss © v%%%”%ﬁ 8 AV n%'?‘g | T %’ﬁﬁf og'%l%(f 8Fy MAFHRY ed so
as to al amramgefofnl@semtweeamy@d:mfntsan excess portion of the layer 226. Due

to the provision of the dielectric cap |ayer 210, well-established slurry
materials may be applied since the |ayer 210 may act as a stop |l ayer or may

at | eastFigvot &oheth4RsHliyCRNEaGlesOthd BEMBE RIS d%@@eawﬂh%% Rattérra‘eidna!
st age of the renoval process 205. Consequentl -established nmateri al

syst ens AAEKARELT é’éﬁ"ﬁbé“%?cbésaﬁ)blaf‘édn%ﬁhfogPlOtl"méng dhe\rantagt exenisss,
porti Onswﬁfletahe(hleaé(%ez%e K9 %Fflﬁl?lg ey c? ahhlé{ﬁ}erﬁltgeﬁlet Q%ctrg&g

sem conduct or devi ce ina |na hase o e renoval “process

wher ei n iﬂ]ﬁ&ﬁs&m@ddmgstpcﬂléhftmlfhetrh@&ttﬁid@c@mbedmm&mm ahd226 may be renoved

fromthe layer 210, thereby formng electrically
Figs 2d -2g schematically illustrate cross-sectional views of the
semiconductor device during advanced manufacturing stages removing any
excess material of the contact material and removing at least a significant
portion of the dielectric cap material or etch mask, according to still further

illustrative embodiments.

DETAILED DESCRIPTION

While the present disclosure is described with reference to the embodiments
as illustrated in the following detailed description as well as in the drawings, it
should be understood that the following detailed description as well as the
drawings are not intended to limit the present disclosure to the particular
iliustrative embodiments disclosed, but rather the described illustrative
embodiments merely exemplify the various aspects of the present disclosure,

the scope of which is defined by the appended claims.



21 insul ated contact elenments 225. Thus, undue interaction of the anbient
of the process 205 with the el ectrode netal 233 nmay be avoi ded due to the

presence of the material layer 210. In sone illustrative enbodi nents the
process 205 may be perfornmed with an ropriate over-polish time so as to
create a certain degree of dishing 2250 while the electrode netal 233 may
still reliably be covered by the layer 210. In this manner, a simlar

hei ght | evel of the netal 226 in the contact elenents 225 may be achieved

in the gdithe ptesent alecistanechanesiB3prdwdédenst gatnodg seirlyicd3h whmcwt her
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convent i gnabictésRtedp fhysWhatiant |n%bbhecf?l'ﬂzts'tr%'t'i%‘%n‘?@%\ﬂlnérﬂé’,exﬁwﬁga%#)Ooéje

reliably renmoved fromdielectric surface portions, erein urry used
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si nce anye\@?gl%upgggl)%lﬁ%\ﬁ%ang/etr@é%uﬁ?gﬁggﬁgedﬁyltggkg‘éieﬁaqrﬁ ?Siﬁgt & er
hand, i nfaFirgatn, ohkitchoogtadtiamniygs edettec fitlode thetal wWAB3amepprepasrosed,

t he proc itions are selected to,renqove the dielectric material of
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instance in the gate 22 electrode structures 230, may efficiently be
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over-polish time of the process 205 as shown i g 2e, ere increasingly
the | ayeMayile gugidsd. endviedsibignéicantiheedimed. t Covsatisonthedbei sptatie
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exposed in a Very advanced phase in excess materra
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case SupgllioLs RhOGERY %ﬂ@ﬁllittéfg%senr{sayhabv?ngcchrgt%\é?ddimensions of 40 nm and

tess, such as 30 nm and the like.

With reference to Figs 2a ~ 2f further illustrative embodiments will now be
described in more detail, wherein also reference is made to Figs 1a ~ 1f, if
appropriate. It should be appreciated that in particular it may be referred to
Fig 1a in view of manufacturing techniques and characteristics and features of

sophisticated transistors including high-k metal gate electrode structures.

Fig 2a schematically illustrates a cross-sectional view of a semiconductor
device 200 comprising a substrate 201, a semiconductor layer 202, in and



Fig 29 schematically illustrates the sem conductor device 200 during a
mat eri al renoval process 206a, which may conprise a selective etch step so
as to renove the layer 210. In this case, the layer 210 nay be provided
wi th any appropriate material conpositi,on so as to allow a sel ective
removal with respect to the materi al QZO and also to the conductive
materials of the conponents 225 and 230. For exanple, efficient wet
chemi cal etch recipes may be applied, for instance for renoving polyner
mat er i al sbavel wihieh iakeist@nelemeedt [B50aha6db raay beunbvieleeh Thenmisisidtess may
have a signifi tly reduced etch rat i th respect..to plurality of metal
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on the e etch
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t he etchf@??)lggss gga a g)g %ﬂg %tr%tggktgbgzipnénéf%ggﬁggpgéﬁgervﬁfcﬁctﬁhg er,
may not med@ataly ebyctaf dectitaniemf witrlder fantczlessimricd nged the tiikies case,

typical | furt di ctric material be, provi de for, instance for
o ng Ganelire: 0 oie FE Y o raetho N SIECER Blanal A issgiovias As a
resul t, ihhehphesetidal diif@Inesatse ipr avesies ommel gafeuéieBgrotiecdthi@URss pBowhi ch
the defect r te4§aused %Hcracks and/ or material depletion in contact
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upon patterning the interlayer dielectric material an ling t
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deposition of the contact material and the subseque rremoval of any excess
portion of the contact material may not result in undue interaction with

the el ectr al . Further. nodifications and variati.ons, of th resent
ool oo s BRI Eh8 serh e ol e bt TR 0o e I S8 S g Pl e
descri ptiaterigdc @@0diingmhich henslegstel pfléfods &@u@@r@@nsBOU%(ﬂeafﬁaterally

nly and is for the of teaching those skilled in the
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under st odnichatiubiR HOUIEE $HOWN FRRde ERsElkl DR hRNISHRcarRitEQalbe2bakey as the

presently preferred enbodi nents. '
comprise two or more individual material layers, such as the material 221, for
instance comprised of silicon nitride, and a material layer 222, such as a
silicon dioxide layer and the like. As illustrated, the dielectric material 220
may have substantially the same height as the gate electrode structures 230.
Moreover, a dielectric cap layer or a mask layer 210 may be formed above the
dielectric material 220 and the gate electrode structures 230. The mask layer
210 may be comprised of any appropriate dielectric material, such as silicon
nitride, silicon oxynitride, silicon dioxide and the like. In other cases, other
materials, such as polymer materials and the like, may be used as long as
these materials may withstand the process conditions of subsequent
processes, such as a deposition process and a subsequent material removal
process. In still other illustrative embodiments the material 210 may comprise

two or more material layers that may be used as a hard mask material during



24 CLAIMS A nethod, conprising: formng a dielectric cap | ayer above a gate
el ectrode structure of a transistor fornmed above a sem conductor region,
said gate el ectrode structure being laterally enbedded in an interlayer
dielectric material and conprising a qi h-k dielectric material and an

el ectrode netal; formng a contact opening laterally offset fromsaid gate
el ectrode structure so as to extend through said dielectric cap layer and
said interlayer dielectric material; formng a contact material in said
cont act operuriger peowessigg.anFexexammer hiorpabusatdtbeanisdrbnnekgfiirale so as

to exposg §3hd ifhST bl Ssdif Y Ehee 2N

The semiconductor device 200 may be formed on the basis of any appropriate
manufacturing technique for providing the transistors 250a, 250b and the
dielectric material 220. For example, the same process techniques and
materials may be used as previously described with reference to the
semiconductor device 100. Thus, in some illustrative embodiments, after the
deposition of the dielectric material 220, a replacement gate approach may be
applied and any place holder materials may be replaced by at least the
electrode metal 233, possibly in combination with an additional metal material
232 and the high-k dielectric layer 231. Thereafter, any excess portion of the
material 233, and possibly of the material 232, may be removed by any
appropriate removal process, such as the process 103 as described with
reference to Fig 1a. Thus, any appropriate process recipe may be applied
which, however, may result in the creation of certain surface irregularities,
such as cracks 224 within the dielectric material 220, as is also previously
discussed. Contrary to conventional strategies, however, the presence of the
cracks 224 may not negatively affect the further processing. To this end, a
deposition process 211 may be applied in order to form the dielectric cap
layer or mask layer 210, for instance by CVD techniques, spin-on techniques
and the like. As previously explained, the layer 210 may be provided with a
thickness of approximately 20 nm to several hundred nanometers, depending
on the surface topography in the layer 220 after the preceding removal
process. That is, the thickness of the layer 210 is typically selected to be
greater than an expected maximum depth of the cracks 224, thereby ensuring
a reliable filling of the cracks 224 with a dielectric material. Depending on the
deposition technique used, a polishing process may be applied so as to
provide for a superior surface topography of the layer 210.

Fig 2b schematically illustrates the semiconductor device 200 in a further
advanced manufacturing stage. As illustrated, an etch mask 204 may be

provided, for instance in the form of a resist material, in order to determine



performng a renmoval process so as to expose said el ectrode netal of said
gate el ectrode structure. The method of claim1, wherein removing an excess
portion of said contact material conprises performng a chemcal mechanical
pol i shing process. The nmethod of claimgl, wherein performng said renoval
process conprises performng a polishing process. 4. The nethod of claim 1,
wherein performng said renoval process conprises performng an etch
process. 5. The nethod of claim1, further conprising formng said gate

el ect r od&hsstlaigcauszebypnpr pusidiongot aodtaydt epetiegs r 22k tet baidounedsm @set o

conpri Sed?eie@t?ic material 220 and the dielectric cap layer 210. To this end, any
appropriate lithography technique may be applied. Thereafter, any
appropriate etch process may be used so as to etch through the layer 210 and
through the layers 220, thereby finally exposing a portion of the contact
regions 254. To this end, any appropriate process recipe may be applied.
For example, the dielectric cap layer 210 may have a similar etch behaviour
compared to the material 222, thereby enabling the usage of well-established
etch recipes. [n other cases, an appropriate etch chemistry may be applied to
etch through the layer 210 and subsequently well-established etch parameters

may be used for etching through the dielectric material 220.

Fig 2c schematically illustrates the semiconductor device 200 according to still
further illustrative embodiments in which the layer 210 may be used as an
etch mask. That is, the dielectric material of the layer 210 may be patterned
so0 as to receive respective mask openings 210a, which may correspond to the
contact openings 223. To this end, a resist mask may be used for patterning
the layer 210, which may then be used as the actual etch mask after the
removal of the resist material. For example, the layer 210 may be comprised
of amorphous carbon, possibly in combination with silicon oxynitride and the
like, so that a reduced thickness of the layer 210 may provide for sufficient
etch resistivity in order to reliably form the contact openings 223 with the
desired lateral dimensions. On the other hand, the electrode metal 233 may
reliably be covered by the layer 210 and also the cracks 224 may be sealed,
except for any cracked portions which may be within an area corresponding to
the contact openings 223. That is, any cracked portion positioned within the
openings 210a may reliably be exposed upon patterning the layer 210. In
other cases, the etch mask 210 may be provided in the form of a polymer
material, which may be applied in a highly non-conformal manner and which
may be treated so as to withstand process conditions during the subsequent

deposition of the contact material.



pl ace hol der material, renoving said place holder material, form ng at

| east said el ectrode netal and renobving an excess portion of said el ectrode
nmetal by performing a chem cal nmechanical polishing process. 6.The nethod
of claiml1, wherein formng said contqgf openi ng conprises patterning said
dielectric cap layer and using said patterned dielectric cap |layer as an
etch mask. The nethod of claim1l, wherein said electrode netal and said
contact material have different material conpositions. 8. The nethod of

cl ai m 1, Afteerfeimingetmeviardaeanoeaciegs 23 bhenrahosatchdanivachaterias inpdy and

exposi ng,sajd el.ectro netal conprise performing a single chem cal
mechani c&F %%ﬁ)c?sgfﬁdnangtﬁgcl&gs Glfhg;ﬁ)wmgo%?tep?%?%?’g}?”v@ﬁgP‘é'qu?aSfjlﬁheﬁsal
di st ance Quad wegdctsddibreical tdaistssitidt alspatidr saésosiabh addy BRYetbAlbihsidP
nanonet er (nn} or less after perform ng said renoval proceéss.
thereol, while the fayer 210 may be present and may thus reliably seal the
cracks 224 and cover the electrode metal 233. In some illustrative
embodiments the contact material to be deposited in the openings 223 may
have a different material composition compared to the electrode metal 233,
thereby providing for a high degree of flexibility in selecting an appropriate
material for the gate electrode structures 230, on the one hand, and for the
contact elements to be formed in the openings 223, on the other hand. In
other cases, similar or the same material may be used for the contact

elements as may also be used as the electrode metal 233.

Fig 2d schematically illustrates the semiconductor device 200 with a contact
material 226, such as tungsten, aluminium, aluminium alloys and the like,
formed in the contact openings 223 and above the dielectric cap layer 210. It
should be appreciated that, if required, one or more additional material layers,
such as conductive barrier materials and the like, may be provided, as is also
previously discussed with reference to the semiconductor device 100.
Furthermore, the device 200 may be subjected to a material removal process
205, which in some illustrative embodiments comprises a chemical
mechanical process, wherein a slurry material is appropriately selected so as
to allow an efficient removal of an excess portion of the layer 226. Due to the
provision of the dielectric cap layer 210, well-established slurry materials may
be applied since the layer 210 may act as a stop layer or may at least avoid a
direct contact of the materials 226 and 233 in a final stage of the removal
process 205. Consequently, well-established material systems and CMP
recipes may be applied during the removal of excess portions of the layer
226.

Fig 2e schematically illustrates the semiconductor device 200 in a final phase
of the removal process 205, wherein undesired residues of the conductive
material 226 may be removed from the layer 210, thereby forming electrically



10. A nethod conprising: formng an el ectrode netal in an opening of a gate
el ectrode structure of a transistor, said gate el ectrode structure being
laterally enbedded in a dielectric material; removing an excess portion of
said el ectrode nmetal by performng a fjyst renoval process; 26 forming a
contact opening in said dielectric cap layer and said dielectric material
wi t hout exposing said electrode netal, said contact opening connecting to
one of a drain region and a source region; formng a contact netal in said
cont act dpaiiteg cotdaabeleenads 226 el Bes riimd wanté medion afrtle ambient of the

process 205 with the electrode metal 233 may be avoided due to the presence
of the material layer 210. In some illustrative embodiments the process 205
may be performed with an appropriate over-polish time so as to create a
certain degree of dishing 225d while the electrode metal 233 may still reliably
be covered by the layer 210. In this manner, a similar height level of the
metal 226 in the contact elements 225 may be achieved in the gate electrode
structures 230 by the electrode metal 233. In other cases, a pronounced
degree of dishing may be avoided, for instance when the material 210 and the

metal 226 may have a similar removal rate during the process 205,

Fig 2f schematically illustrates the device 200 during a further advanced stage
in which the dielectric cap layer 210 may be removed in order to expose the
electrode metal 233 of the gate electrode structures 230. To this end, in
some illustrative embodiments, the removal process 206 may be performed as
a polishing process on the basis of any appropriate slurry material with “mild”
process parameters, for instance in terms of down force and the like, thereby
efficiently removing the material 210 while not unduly damaging the metals in
the gate electrode structure 230 and the contact elements 225. It should be
appreciated that during the process 206 process parameters are selected
such that the material 210 may be removed by allowing any process recipes
for removing dielectric materials which may not unduly interact with any metal
materials. Furthermore, the situation during the process 206 is quite different
compared to the removal process 105 described in Fig 1e, since in the
conventional strategy a substantially continuous metal layer has to be reliably
removed from dielectric surface portions, wherein the slurry used may
significantly react with any metal material, however in a typically different
manner. Moreover, a pronounced over-polish time may be required since any
metal residue may result in undue leakage paths. On the other hand, in Fig
2f, although finally the electrode metal 233 may be exposed, the process
conditions are selected to remove the dielectric material of the layer 210,
substantially without attacking the metal materials in the components 225 and
230. On the other hand, any dielectric residues, for instance in the gate



renmpving an excess portion of said contact netal by performng a second
renmoval process. 11. The method of claim10, wherein said performng said
first renoval process conprises performng a first chem cal nechanical _
polishing process. 12. The method of chqim 11, wherein said performng said
second renoval process conprises performng a second chem cal nmechani cal
polishing process. 13. The nmethod of claim 10, further conprising exposing
said electrode netal after perform ng said second renoval process.

electrode structures 230, may efficiently be removed on the basis of a

subsequent cleaning process, if required.

In other illustrative embodiments the removal process 206 may represent an
over-polish time of the process 205 as shown in Fig 2e, where increasingly
the layer 210 may be removed while at the same time also reducing the height
of the contact elements 225, while the electrode metal 233 may be exposed in
a very advanced phase in which any excess material of the contact elements
225 has already been removed. Consequently, also in this case superior

process conditions may be achieved.

Fig 2g schematically illustrates the semiconductor device 200 during a
material removal process 206a, which may comprise a selective etch step so
as to remove the layer 210. In this case, the layer 210 may be provided with
any appropriate material composition so as to allow a selective removal with
respect to the material 220 and also to the conductive materials of the
components 225 and 230. For example, efficient wet chemical etch recipes
may be applied, for instance for removing polymer materials and the like. On
the other hand, any such etch chemistries may have a significantly reduced
etch rate with respect to a plurality of metal materials, thereby not unduly
reducing the height of the contact elements 225 and the electrode metal 233,
As previously explained, an appropriate height of the contact elements 225
may have been provided on the basis of a certain degree of dishing, when any
extra height corresponding to the thickness of the layer 210 is considered
inappropriate for the contact elements 225, when the layer 210 is to be

removed on the basis of the etch process 206a.

In other cases, the process 206a may comprise plasma assisted etch recipes
considered appropriate. It should be appreciated that during the etch process
206a aiso the cracks 224 may be exposed which, however, may not
negatively affect the further processing since, in this case, typically a further
dielectric material may be provided, for instance for forming a metallization

layer above the dielectric material 220.



14. The method of claim 13, wherein exposing said el ectrode netal conprises
perform ng a polishing process. 15. The nethod of claim 13, wherein
exposi ng said el ectrode netal conprises performng an etch process. 16. The
met hod of claim 10, wherein formng sq%p contact opening conprises formng
a mask opening in said dielectric cap Tayer and using said mask openi ng as
etch mask. 17. The nethod of claim 10, wherein a lateral offset of said
cont act opening

As a result, the present disclosure provides manufacturing techniques in
which the defect rate caused by cracks and/or material depletion in contact
elements may be reduced or completely avoided by appropriately covering the
electrode metal of sophisticated high-k metal gate electrode structures upon
patterning the interfayer dielectric material and re-filling the contact openings
with an appropriate conductive material. Consequently, any cracks may
reliably be filled with dielectric material prior to the deposition of the contact
material and the subsequent removal of any excess portion of the contact

material may not result in undue interaction with the electrode metal.

Further modifications and variations of the present disclosure will be apparent
to those skilled in the art in view of this description. Accordingly, the
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
embodiments. It is to be understood that the forms shown and described

herein are o be taken as the presently preferred embodiments.



fromsaid el ectrode nmetal is 40 nanoneter (nm) or less. 27 18. A nethod
conprising: formng a dielectric etch nask above a dielectric material and

an el ectrode netal

of a gate electrode structure laterally enbedded in said

dielectric material, said etch mask coyering said el ectrode netal and

conprising a mask opening defining a l'ateral position and size of a contact
opening; formng said contact opening in said dielectric material by using
said etch mask; filling said contact opening with a conductive material in

the presence of said etch mask; andCLAIMS

A method, comprising:

forming a dielectric cap layer above a gate electrode structure of a
transistor formed above a semiconductor region, said gate electrode
structure being laterally embedded in an interlayer dielectric material

and comprising a high-k dielectric material and an electrode metal;

forming a contact opening laterally offset from said gate electrode
structure so as to extend through said dielectric cap layer and said

interlayer dielectric material;

forming a contact material in said contact opening;

removing an excess portion of said contact material so as to expose

said dielectric cap layer; and

performing a removal process so as to expose said electrode metal of

said gate electrode structure.

The method of claim 1, wherein removing an excess portion of said
contact material comprises performing a chemical mechanical polishing

process.

The method of claim 1, wherein performing said removal process

comprises performing a polishing process.

The method of claim 1, wherein performing said removal process

comprises performing an etch process.

The method of claim 1, further comprising forming said gate electrode

structure by providing said gate electrode structure so as to comprise a



renoving said etch mask at | east from above said electrode netal. 19. The
nmet hod of claim 18, further conprising formng said el ectrode netal by
renoving at |least a portion of said gate el ectrode structure so as to form
a gate opening, formng a |ayer of saig el ectrode netal above said
dielectric material and said gate opening and renoving an excess portion of
said |l ayer by perform ng a renoval process. 20. The nmethod of claim18,
wherein renoving said etch mask at | east fromsaid el ectrode neta

conpri ses perplacel mydar poatesial, ngmpodogssaid place holder material, forming at

least said electrode metal and removing an excess portion of said
electrode metal by performing a chemical mechanical polishing

process.

6. The method of claim 1, wherein forming said contact opening comprises
patterning said dielectric cap layer and using said patterned dielectric

cap layer as an etch mask.

7. The method of claim 1, wherein said electrode metal and said contact

material have different material compositions.

8. The method of claim 1, wherein removing an excess portion of said
contact material and exposing said electrode metal comprise

performing a single chemical mechanical polishing process.

9. The method of claim 1, wherein a lateral distance between said
electrode metal and said contact material is 40 nanometer (nm) or less

after performing said removal process.

10. A method comprising:
forming an electrode metal in an opening of a gate electrode structure
of a transistor, said gate electrode structure being laterally embedded

in a dielectric material;

removing an excess portion of said electrode metal by performing a first

removal process;

forming a dielectric cap layer above said electrode metal and said

dielectric material;



11.

12.

13.

14,

15.

16.

17.

26

forming a contact opening in said dielectric cap layer and said dielectric
material without exposing said electrode metal, said contact opening

connecting to one of a drain region and a source region;

forming a contact metal in said contact opening and above said

dielectric cap layer; and

removing an excess portion of said contact metal by performing a

second removal process.

The method of claim 10, wherein said performing said first removal
process comprises performing a first chemical mechanical polishing

process,

The method of claim 11, wherein said performing said second removal
process comprises performing a second chemical mechanical polishing

process.

The method of claim 10, further comprising exposing said electrode

metal after performing said second removal process.

The method of claim 13, wherein exposing said electrode metal

comprises performing a polishing process.

The method of claim 13, wherein exposing said electrode metal

comprises performing an etch process.

The method of claim 10, wherein forming said contact opening
comprises forming a mask opening in said dielectric cap layer and

using said mask opening as etch mask.

The method of claim 10, wherein a lateral offset of said contact opening
from said electrode metal is 40 nanometer (nm) or less.



18.

19.

20.

27

A method comprising:

forming a dielectric etch mask above a dielectric material and an
electrode metal of a gate electrode structure laterally embedded in said
dielectric material, said etch mask covering said electrode metal and
comprising a mask opening defining a lateral position and size of a

contact opening;

forming said contact opening in said dielectric material by using said

etch mask;

filling said contact opening with a conductive material in the presence
of said etch mask; and

removing said etch mask at least from above said electrode metal.

The method of claim 18, further comprising forming said electrode
metal by removing at least a portion of said gate electrode structure so
as to form a gate opening, forming a layer of said electrode metal
above said dielectric material and said gate opening and removing an

excess portion of said layer by performing a removal process.

The method of claim 18, wherein removing said etch mask at least from

said electrode metal comprises performing a polishing process.



