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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 transistors 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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5 regions, a proper control of the conductive channel, which forns in
t he channel region upon application of an appropriate control voltage
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9 is deposited by any appropriate deposition technique, followed by
t he deposition of the electrode nmetal 133, which may be acconplished
by sputter deposition, electrochem calgdeposition 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 in Fig 1
a. Next, any excess material of the layer 133 and possibly of the

| ayer 132t¢ anarufeetdingn stdge,bissiaftarf campletimgctie masiahiansist@okirabiurg

rocess ' ' referably the materjal, of .t l.ayer 133 is . .
Permved. 1%%@%&2%@56%5\9&“% Fc‘g?wo SL{HB?%SHPEE%'@%U?VV Jielectric
mat er i almateriala tachig remufactubdh ngage #PLHeRINgsetreRBRInsa} b¥ BEhbYan
corrponenthgi Eﬁ%pg'l’i ed, while al so abrasives may be provided in order

[

to prov QGG iSEERtuLeh PYi ExNO¥BRApBIFe RPIYSH G HIAtAGat 1ged any
mat er i al ggrdgriattdmbierialFHystEMATRY De HENINEMRY igage BbEHRIN !Uﬁ%r‘@g%gg&,

or alum niumalloys, typically aPum na, ie. alum nium oXi de,

used as HANKPEPBAYFiME: Bhegterdaimetals,t sechamsaslumingant i draguiestly be
however , t 0 €n Adk: | a.f ikpal .:phe t
Fomoval Uaearal S0 TRBIR U ASHIAY ho eRs@inel R HBRA Tl ‘B,
as the releelrpde sfuelvees.ayerhugl3adnd fina! rdage obnihimerpladendére Igajer

132 are ol S n a~ladditi.on to any. mcro

scrat cheéé),cbr\t/a\ﬁ?@hki?re;%g%trgggs@gk%yﬁ%%ema %m%éjsbtgldt ?Efieglyt?%’ot%@“y any
di el ect réxcesat gortidn 1h@&reok. neddsertor drpviengpvelle whioh tiap dyEtan) rbe
material_ 131 1f provided at all, I ncreasi ng aggl oneration of the
al uni na aﬁgp{l?%sggn%@,t&eoﬂ)saes%pgﬁogh@‘g&rg?%ﬁs It rpgg)%nﬁgwpgpr,ltgg,t 1Bs
i ndi cat ggartiyulh24heSiingle phaser s sRoONgpREeMEit- ol 8Ppida®h ARy RaMBt 9
be applied .i.n orgefr *,o_ reliably renove any netal residues, a

si gni fi CAANITEARGERTeHYity 2akevemdayige hailyesdinanctoranng aentasct elasnents
process gk0gill hé bﬁbla}in’ﬂﬁi i@ﬁ%&é'de@é@%ﬁﬁsrewl%nﬁcg%gﬂé% 18! €gf rode

structures 130 are laterally enbedded by the inteflayer dielectric

material 120, while on the other hand the highly conductive gate
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semiconductor layer 102, In other cases, the semiconductor layer 102 may
represent, at least in an injtial 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.
fn this case, the transistors 150a, 150b comprise drain and source regions
153 within the semiconductor layer 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 manufacturing stage. An etch mask 104, such as a
resist mask and the like, is formed ongpthe interlayer dielectric
material 120 and is appropriately configured so as to define the

| ateral size and position of contact openings 123 to be fornmed in the
material 120. Since the height of the contact openings 123 is
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in metal depletion, for instance in the contact elenents 125. On the




12 metal -filled cracks, such as the crack 124 on the |left hand side
of Fig if, may connect two of the contact elenments 125 thereby
“short-circuiting” these contacts 125 gwhich may even result in a
total failure of the device 100. Consequently, in a contact regine
using the dielectric material 120 for form ng contact elenents of
reduced hei ght, the conventional strategy described above may provide
for signilfEceafRicaaetor evcaad@0dey ilbistiaded in Eig Twhinal reajomnieds on the
contri buigai.0 d e] o] QN Y I . CON |
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process sfrategies in which contact el enents of reduced aspect ratio
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i ncreasing,the aspect ratio of the contact openings to he fornmed In
the int e?‘%&?fé”} Si 18] %‘i‘tef APAtaEhe S thebiohrls didleglric; fﬂéieftaﬁé“ rpbination
mat er i al withya lcehdlablive icabl materiglr arlyshé bvidey iRaMes RRR AiRRFERuring
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of creat$RgCatREatheharth ensieoparienalni 1Aftee s tprtfersin e mibthegate
apply vedlecgsli@aith®t@@s, 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. It 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 mask
mat eri al may sinultaneously be used ag a hard mask for etching the
contact openings, thereby contributing to a very efficient overal
process flow w thout increasing the aspect ratio of the resulting
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removal process 1

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




BRI EF DESCRI PTI ON OF THE DRAW NGS Furt her enbodi nents of the present
di scl osure are defined in the appended clains and will becone nore
apparent with the follow ng detailed dgscription when taken with
reference to the acconpanying drawings, in which: Figs la and | b
schematically illustrate cross-sectional views of a sem conductor

devi ce when form ng a contact o&e.ni ng in a dielectric material having
a hei ght M@ggfiehbltint dieterdrinanglariadfthareglaviridieg aindyet aspeacratiodend
structur C I a i apa t - ELg. [

T st r o W2C TG, Uik CpRRRIARY BECLobs, GninGs  ahfh. TEHRERY, ERet!
process diprerfstems.ng cont act openings; Figs id and |l e schematically

Il lustrate cross-sectional views of the sem conductor device in
further advanced nmanufacturing stages in which the renoval of excess

mat er i al Figf 1bhectoematcallyritadtratey thesuémiddmdalctﬂhrghedﬁéer?o riat & further
ematical |y
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strategies; , _ i ,
configured so as to define the lateral size and position of contact openings
123 to be formed in the material 120. Since the height of the contact
openings 123 is substantially restricted to the height of the gate electrode
structures 130, desired reduced lateral dimensions may be achieved, thereby
enabling to provide the semiconductor device 100 with an increased packing
density. That is, the lateral offset of the transistors 150a, 150b 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.

Fig 1c schematicaily 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 illustrated at the left hand side in Fig 1c.

Fig 1d schematically iflustrates 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 conduct or device conprising high-k netal gate el ectrode _
structures forned on the basis of a repj acenent gate approach with a
dielectric cap layer or a mask | ayer that covers the el ectrode netal
of the gate electrode structures according to illustrative

enbodi ments; Fig 2b schematically illustrates the device with an etch
mask for TeaiishI \26p Moseibhy iy combidatidreatith & QxarpiUIcayerbw:ner tnhaterial 127,
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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 slurry 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
stili 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 iliustrated, 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,




16 The present disclosure generally provides manufacturing strategies
in which contact elenents nmay be fornmed on the basis of a device
geonetry, which is substantially deterpined by the height of the gate
el ectrode structures, wherein the overall defect rate nay be reduced
whi |l e enabling the renoval of excess material of the contact netal on
t he basis of well-established renoval processes, such as CWMP, using
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conprise a high-k dielectric material 231 and an el ectrode netal 233,
possibly in conbination with a work function nmetal 232 or any ot her
type of conductive barrier or etch stop material, such as titanium

nitride, tantalumnitri dgmgrﬂ\tme oOf K®E E@CLO?”‘LFR@ ors 250a, 250b

may represent sophisticated planar transistor devices in which
critical dlnen5|ons ie. alength of the gate el ectrode structures

230, may nm_a cl, at: {.
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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




Simlarly, the sem conductor device 200 nay conprise an interlayer
dielectric material 220 in which the gate el ectrode structures 230
are laterally enbedded, as is also preggiously discussed with
reference to the sem conductor device 100. For exanple, the
dielectric material 220 rmay conprise two or nore individual materi al
| ayers, such.as the material 221, for instance conprised of silicon
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silicon dioxide and the like. In other cases, other materials, such
as polynmer materials and the |ike, may be used as |long as these
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232 and the hi gh-k dielectric |ayer 231. Thereafter, any excess

port i on SPOERENGEIBFirade mefal ahteparte degtrede sHackeeri al 232, may be
renmoved by any appropriate renoval process, such as the process 103
as described with reference to Fig |a. Thus, any appropriate process
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not negati,vel ec h urther processing.. To this end )
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performing a second removal process.




provi ded, for instance in the formof a resist material, in order to
determne 19 the lateral size and position of contact openings 223
to be fornmed in the dielectric materigh 220 and the dielectric cap

| ayer 210. To this end, any appropriate |ithography technique my be
applied. Thereafter, any appropriate etch process my be used so as
to etch thrqugh the Iayer 210 and through the |ayers 220, thereby
final |y 8xgbli fiytherpdllisteriiver nebodortis@dpsedgheimn 26amprises hiasméngl, a
any appr giidcatie RERGRES a86lE% weeﬁléﬁfytéﬁﬂ ah @ arCERMGe ﬁqe?af of a
dielectric cap |ayer 2 may have a sim behavi our conp

to the ngaterelgctrade, strwréue&)yh@tnablauter@Iivmbsa@;@d o maldnelestrabmaﬁthaall
etch reci t
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is, the dleilectrlc rratﬁélal of the layer 210 may be patterned so as
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cont act @f&efﬁrﬂeang%ﬁe é'f@htrﬁ‘é:% sméasfiffb%uﬁéeré% deBHeff used for
patterning the |ayer 210, whi e used as the actual etch

mask after the renoval of the resist material. For exanple, the |ayer
210 may be conprised of anorphous carbon, possibly in conbination
with silicon oxynitride and the like, so that a reduced thickness of
the | ayer 210 may pr oBRIEFESERIPTHORNDF eiteh DXRAVENGS ty in order to
reliably formthe contact openings 223 with the desired | ateral

di mensions. On the other hand, the electrode netal 233 may reliably

be cover®grttnyr émou&yentszaﬂtmqbr@ém mhemna@mew;ﬁw;nbmesaab@ﬁlded
except In an

L‘ﬁr anlél a ed portions which &
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upon patterning the layer 210. In other cases, the etch mask 210 may

be provided in the formof a polymer material, which nmay be applied
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W t hst and™process condi tions ur| su sequent eposi tion of t he
cont act Sespiephalctor 2gvice when formmg 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;




After form ng the contact openings 223 one or nore conductive
materials may be deposited on the basis of any appropriate deposition
techni que, such as CVD, el ectrochem cajsdeposition, sputter
deposition, or any conbination thereof, while the layer 210 nay be
present and nmay 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 nay have a different
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el ectrod tal 233 Fi d schematically illustrates the
sem condﬁlt‘:ﬁ‘:aﬂa’fv?@é’ogﬁagﬂfsth a contact naterial 226, such as

tungsten, alum nium alum niumalloys and the like, formed in the
above the dielectric cap |ayer 210. It
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may be provided, as is also previously discussed wth reference to

t he sem @6AEIHNG IO ddustrativeoembpdintéidsirore, the device 200 nay be
subjected to a material renoval process 205, which in sone
illustrative enbodi nents conprises a chem cal nechani cal process,
wher ei n &igl20 sghemabcaly illustomies dpe i ssneilcyndettec tdedico wakh tiee plttewexh

efficient_r val of. an _excess portiaqn of, the. .l ayver 226. e, to the
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or may at |least avoid a djrect c
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wel | -established material systens and CMP reci pes may be applied

during the renopval of excess portions of the |layer 226. Fig 2e
schemat i €% y 49 | u8r asehemnabcalbni dbistiade orcrgsvisestional i views i efl the

- ¢ 505 . L . _
goﬁéﬁc? i \?Ehﬁrr%(% eri ala} %%éﬁﬁlﬁgraé%g\}gg :‘fh oﬁ@ﬁ@hrlggeétgg%g?%ﬂlgg% y

form ng €eKxeess ingalarial afithe 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 fellowing 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
ilustrative 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.



i nsul ated contact elenments 225. Thus, undue interaction of the

anbi ent of the process 205 with the el ectrode netal 233 may be

avoi ded due to the presence of the matgfial layer 210. In sone
illustrative enbodi nents the process 205 may be perfornmed with an
appropriate over-polish tine so as to create a certain degree of

di shing 225d while the electrode nmetal 233 may still reliably be
cover ed Hhe Reesesy alisglopurel geaiadlynpiavides away1uﬁa¢tarlngestgateglesvm wrb\ich
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the el eclPSdBYHRAS hseliSposed in a very advanced phase in
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and the like. On the other hand, any such etch chem stries may have a

si gni fi crigt by E@MIHRUCRCIVSHERed 4 RorbSSRREOAD el T3 idomRbnaRLE}

device 200 comprising a substrate 201, a semiconductor layer 202, in and




In other cases, the process 206a may conprise plasna assisted etch
reci pes considered appropriate. It should be appreciated that during
the etch process 206a al so 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 formng a netallization | ayer above the dielectric
mat er i al ab@ee which mangisteselementh @56pe280h mAsbe psavidedr oTh&jta“snsmtors
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enbodi nechayactezistics of the components described so far, also the same criteria may
apply as previously discussed with reference to the semiconductor device 100
when describing similar components with reference to Fig 1a.

Similarly, the semiconductor device 200 may comprise an interlayer dielectric
material 220 in which the gate electrode structures 230 are laterally
embedded, as is also previously discussed with reference to the
semiconductor device 100. For example, the dielectric material 220 may
comprise two or more individual material layers, such as the material 221, for
instance comprised of silicon nifride, 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 elecirode 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




What is clainmed: 1. A nmethod, conprising: formng a dielectric
cap |l ayer above a gate electrode structure to fill at |east one void
in an interlayer dielectric material qf a transistor formed above a
sem conductor region, said gate electrode structure being laterally
enbedded in the interlayer dielectric material and conprising a

hi gh-k dielectric material and an el ectrode netal; formng a
contact Hpefimngel ateressing.of Fereeximphe sambrplades elaelsd s, ositicsi raghitride

so as to, h said dielectric cap layer and said interlayer
di el ectrfc ﬁéﬁra%lgb%gﬁgyg&q‘ﬁeﬁgm%bsoﬁsfct material in said contact

openi ng; renDV|ng an excess portlon of sai d con}act naterial SO
as to exppse sald ectric ¢ ; erform ng
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and | eav second portion of the dielectric cap layer in said a

| east Ongle\ﬁﬁtac material 220. For example, the same process techmques 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




2. The nethod of claiml, wherein renoving an excess portion of said

cont act
process.
process
claiml,
an etch
form ng

material conprises perform ng a chem cal mechanical polishing
3. The nethod of claim1, whgrein performng said renoval
conprises performng a polishing process. 4. The method of
wherein perform ng said renoval process conprises performng
rocess. 5. The nethod of claiml, further conprising
i dptgealesigeeand oplesiton uwt certabl openings 223 to be formed in the

dielectric 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. In other cases, an appropriate etch chemistry may be applied to
etch through the iayer 210 and subsequently well-established etch parameters
may be used for etching through the dielectric materiat 220.

Fig 2¢c 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
so 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 exampie, the layer 210 may be comprised
of amarphous 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.




provi ding said gate el ectrode structure so as to conprise a

pl acehol der material, renoving said placeholder material, formng at

| east said electrode netal and renovipg an excess portlon of said

el ectrode netal by performi ng a chem cal nechanical polishing
process. 25 6. The nmethod of claim1, wherein formng said contact
openi ng conprises patterning said dielectric cap |ayer and using said
pat t er nedfter &revngitbe captaciymeningsd22taie amglore condlibbverptdtedaisfmay
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nm or | egnsﬁb%]::tltn?erntperhfeocr:cg?ltg t?naétgrlgfgc?\{)%l dglggegteesd 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 method, conprising: formng an electrode netal in an
opening of a gate electrode structure of a transistor, said gate
el ectrode structure being laterally enfgedded in a dielectric
material ; renoving an excess portion of said el ectrode netal by
performng a first renoval process; formng a dielectric cap

| ayer above said el ectrode netal and said dielectric material to fill
at | east iidaigsi epntackeliements| 22&: r T eusratnshieainteraction of dheramapiant of the
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per f or m ogrtairsdegre odwalg pREdessile Bidelectrode 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 etements 225. it shouid 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 siurry 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




26 exposing said electrode netal by renoving a first portion
of the dielectric cap |ayer, wherein a second portion of the
dielectric cap layer remains in said agp | east one void. Il.The nethod
of claim 10, wherein performng said first renoval process conprises
performng a first chem cal nmechani cal polishing process. 12. The
met hod of claim1ll, wherein performng said second renoval process
conpr i se8lesiogr sirHgtudes e@dhd rememifiaienthéc hanrempvedl PR hihey hgsisc @isa

13. The ggbdf el cgaq{i,gg é?ecé/g}@g@eﬁgﬁgppsi ng said el ectrode netal

conpri ses exposing sal ectro after perform ng said second
renoval process.

in other iliustrative 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 also 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 performng a polishing process. 15. The nmethod of claim
13, wherein exposing said el ectrode netzal conprises performng an
etch process. 16. The nethod of claim 10, wherein form ng said
contact opening conprises formng a nask opening in said dielectric
cap layer and using said nmask opening as an etch mask. 17. The

nmet hod of claim 10, wherein a |ateral offset of said contact opening
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| eave a s % goﬂlon f the dielectric cap layer in _said at |east
one voi dgrelia 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 to be taken as the presently preferred embodiments.




27 19. The nethod of claim 18, conprising formng a contact opening
| aterally offset fromsaid gate el ectrode structure so as to extend
through said dielectric cap layer and said interlayer dielectric
material and form ng a contact material in said contact opening. 20.
The met hod of claim 19, conprising renmogyng an excess portion of said
contact material so as to expose said dielectric cap layer. 21. A
sem conduct gihadeMiiged.manuf act ured according to any one of clains

1- 20.

1. A method, comprising:

forming a dielectric cap layer above a gate electrode structure to fill at least one void in
an interlayer dielectric material of a transistor formed above a semiconductor region, said gate
electrode structure being laterally embedded in the 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 to remove a first portion of the dielectric cap layer so as to
expose said electrode metal of said gate electrode structure and leave a second portion of the

dielectric cap layer in said at least one void.

2. The method of ciaim 1, wherein removing an excess portion of said contact material

comprises performing a chemical mechanical polishing process.

3. The method of claim 1, wherein performing said removal process comprises performing a

polishing process.

4. The method of claim 1, wherein performing said removal process comprises performing

an etch Process.

5. The method of claim 1, further comprising forming said gate electrode structure by
providing said gate electrode structure so as to comprise a placeholder material, removing said
placeholder material, forming at least said electrode metal and removing an excess portion of said

electrode metal by performing a chemical mechanical polishing process.




REDUCED DEFECTI VI TY I N CONTACTS OF A SEM CONDUCTOR DEVI CE COWPRI SI NG
REPLACEMENT GATE ELECTRODE STRUCTURES BY USI NG AN | NTERMEDI ATE CAP
LAYER ABSTRACT Superior contact elenents nmay be forned in

sem conduct or devices in which sophisticated replacenent gate
approaches may be applied. To this end,,q dielectric cap layer is
provided prior to patterning the interlayer dielectric material so
that any previously created cracks nay reliably be sealed prior to

t he deposition of the contact material, while the renoval of any
excess portdon tliieredprd Hfeipibd WisrdbieHEae W mBat OB iNBrauR IThEraee pdh

with the el®gichRdey RRE ahd @ingbdI@pdRied GLIGGHS QF RiyStak Uebibh A%k,
Consequently, a significantly reduced defect rate may be achi eved.

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 comprises 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 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 ¢lectrode metal by performing a first removal process;

forming a dielectric cap layer above said electrode metal and said dielectric material to

fill at feast one void in said dielectric material;

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;

removing an excess portion of said contact metal by performing a second removal

process; and




Fi gure 2a.

26

exposing said electrode metal by removing a first portion of the dielectric cap layer,

wherein a second portion of the dielectric cap layer remains in said at least one void.

. The method of claim 10, wherein performing said first removal pracess comprises

performing a first chemical mechanical polishing process.

12. The method of claim 11, wherein performing said second removal process comprises

performing a second chemical mechanical polishing process.

13. The method of ¢laim 10, wherein exposing said electrode metal comprises exposing said

electrode metal after performing said second removal process.

14, The method of claim 3, wherein exposing said electrode metal comprises performing a

polishing process.

15. The method of claim 13, wherein exposing said electrode metal comprises performing an

etch process.

16. 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 an etch mask.

17. The method of claim 10, wherein a lateral offSet of said contact opening from said

electrode metal is 40 nm or less.

18. A method, comprising:

forming a dielectric cap layer above a gate electrode structure to fill at least one void in
an interfayer dielectric material of a transistor formed above a semiconductor region, said gate
electrode structure being laterally embedded in the interlayer dielectric material and comprising a

high-k dielectric material and an electrode metal; and

performing a removal process to remove a first portion of the dielectric cap layer so as to
expose said electrode metal of said gate electrode structure and leave a second portion of the

dielectric cap layer in said at least one void.
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16. The method of claim 18, comprising forming a contact opening laterafly offset from said
gate electrode structure so as to extend through said dielectric cap layer and said interlayer

dielectric material and forming a contact material in said contact opening.

20. The method of claim 19, comprising removing an excess portion of said contact material

so as to expose said dielectric cap layer,

21. A semiconductor device manufactured according to any one of claims 1-20.




