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2. DESCRI PTI ON OF THE RELATED ART In nodern integrated circuits, such as
m cr oprocessors, storage devices and the 15 like, a very high nunber of
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and, more particularly, to the contact level of a semiconductor device, in which contact
areas, such as gate electrodes and drain and source regions, are connected to the

10 metallization system of the semiconducior device by means of contact elements formed on

the basis of electrochemical deposition techniques.

2. DESCRIPTION OF THE RELATED ART

In modern integrated circuits, such as microprocessors, storage devices and the

15 like, a very high number of circuit elements, especially transistors, are provided on a
restricted chip area. Although immense progress has been made over recent decades with

respect to increased performance and reduced feature sizes of the circuit elements, the

ongoing demand for enhanced functionality of electronic devices forces semiconductor
manufacturers to steadily reduce the dimensions of the circuit elements and to increase the

20 operating speed thereof. The continuing scaling of feature sizes, however, involves preat
cfforts in redesigning process techniques and developing new process strategies and tools

50 as to comply with new design rules. Generally, in complex circuitry including complex

logic portions, MOS technology is presently a preferred manufacturing technique in view

of device performance and/or power consumption and/or cost efficiency. In integrated

25 circuits including logic portions fabricated by MOS technology, many field effect
transistors (FETs) are provided that are typically operated in a switched mode, that is,

these devices exhibit a highly conductive state (on-state) and a high impedance state (off-



20 operating speed thereof The continuing scaling of feature sizes,

however, involves great efforts in redesigning process techni ques and

devel opi ng new process strategies and tools so as to conply with new design
rules. Generally, in conplex circuitry including conplex |ogic portions,
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15 within the same device level on which the circuit elements are manufactured, but require
one or more additional metallization layers, which generaily include metal-containing
lines providing the inner-level electrical connection, and also include a plurality of inter-
level connections, which are also referred to as vias. These interconnect structures
comprise an appropriate metal and provide the electrical connection of the individual

20 circuit elements and of the various stacked metallization layers.

Furthermore, in order to establish a connection of the circuit elements with the
metallization layers, an appropriate vertical contact structure is provided, which connects
to a respective contact region of a circuit element, such as a gate electrode and/or the drain

25 and source regions of transistors, and to a respective metal line in the metallization layer.
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provided in order to achieve the required packing density in accordance with density of

15 circuit elements in the device level.

Upon further reducing the dimensjons of the circuit elements, for instance using
critical dimensions of 50 nm and less, the contact clements in the contact level may have
to be provided with appropriate critical dimensions in the same order of magnitude. The

20 contact elements may typically represent plugs, trenches and the like which are formed of
an appropriate metal or metal composition, wherein, in sophisticated semiconductor
devices, tungsten in combination with appropriate barrier materials has proven to be a
viable contact metal. When forming tungsten-based contact elements, typically, the
interlayer dielectric material may be formed first and may be patterned so as to receive

25 contact openings, which may extend through the interlayer diclectric material to the



25cont act openi ngs, which may extend through the interlayer dielectric
material to the corresponding contact areas of the circuit elenents. For
this purpose, openings of very different depth may have to be fornmed in the
interlayer dielectric material in order to connect to gate el ectrode
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from tungsten material, which may be accomplished on the basis of sophisticated chemical
vapor deposition (CVD) techniques in which a direct contact between silicon dioxide-
based materials and the deposition ambient for depositing the tungsten material is to be
avoided. Typically, the actual deposition of the tungsten material may be preceded by the
20 deposition of a nucleation layer based on tungsten, which may be accomplished by a
dedicated deposition step, after which the actual fill material may be provided. After the
deposition of these materials, any excess material is removed by chemical mechanical
polishing (CMP), thereby forming the insulated contact elements in the inferlayer

dielectric material. Although the process sequence for patterning the contact openings and

25 filling these openings with barrier materials and tungsten results in contact elements



5 conventional tungsten-based contact reginmes, nmay represent a limting
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conpl ex CVD- based techniques in which a conplex material system may have to
be deposited wi thin sophisticated contact openings, in particular when
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15 thereby over-proportionally coniributing to an increased contact resistance. For these
reasons, it has been suggested to use other materials or deposition regimes in which the
presence of a barrier material of reduced conductivity can be avoided. For example, it has
been proposed to use wet chemical deposition techniques, such as the electrochemical
deposition in the form of an electroless plating process in order to {ill in an appropriate
20 metal material, thereby obtaining a superior fill behavior in order to avoid the creation of
any voids or other deposition-related irregularities, which may frequently be observed in
complex CVD-based techniques in which a complex material system may have to be
deposited within sophisticated contact openings, in particular when these openings may
have very different depths. Although the electroless deposition technique may be very

25 advantageous with respect to the gap-filling capability and the selection of an appropriate



10 el ements 150, for instance in the formof transistors, which, in the
exanpl e shown in Figure la, are illustrated as planar field effect
transistors. It should be appreciated that the substrate 101 and the
sem conductor |ayer 102 may represent a silicon- or
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sem conductor regions, depending on 20 device requirenments. The active
redi ons 102A, 102B, 102C are to be understood as sem conductor regions in
whi ch appropriate dopant profiles are established as required for the
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the circuit elenents 150, for instance in the formof field effect
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sem conduct or |ayer 102, for instance in the formof a gate el ectrode

st ruct ur BighB2la, wheiitihstrmed cs@iMuaolictdrelfccurdrenttor.| Dwhdd bbepgreansd stz 150
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approprlate gate dielectric materials, stance In t ormof silicon
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sem conductor |ayer 102, while at the sane tinme electrically connecting the
circuit 1024, 1208, 102C, which may be individually laterally delincated by isolation structurcs
(not shown) or which may represent continuous semiconductor regions, depending on
20 device requitements. The active regions 102A, 102B, 102C are to be understood as
semiconductor regions in which appropriate dopant profiles are established as required for
the various circuit elements, such as the transistors 150. For example, drain and source
regions 151 may be provided with an appropriate vertical and lateral dopant profile in
accordance with the required electronic characteristics of the transistors 150. Furthermore,

25 the drain and source regions 151 may have arcas of superior conductivity, for instance



20 elenments 150 to a netallization system (not shown) that is to be forned
above the contact |evel 120 and which may conprise netal features provided
ina plurality of netallization layers in order to formthe conpl ex

i nterconnect structure as required by the circuit |ayout of the device 100.
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shéul d bsnaipgrdacicataydr 1datfooihk@ncciant@tirmaganiangsledirate sshowr) | Imwhext end to
the gate el ectrode structures 152, while, in other cases, any such contact
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Iithogra&hyd pagterning,,deposition and planarization techniques in order
to form tiPEEhEECoT oxyairidembhin dealentrig apsarialn ovlieh gse (o bexmdpgtogdws 15 t o
a desired depth and refilling the trenches with an appropriate dielectric
mifer i al dicleltior mptsriols hfvting 4 clickevige tdvastastobét ilch atir bigher esyl depike.
species may be introduced into the active regions 102A, 102B, 102C as
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el ements 150. Next, the gate electrode structures 152 are fornmed by
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configuration of the gate el ectrode structures 2. For exanpl e,

appropriat: e.dielectriag materials may be formed, followed by the
depositi%%&g%%g%ugygéﬁggégﬁﬁgagg?aI, whi ch may then be patterned on the

basi s of sophisticated |ithography and etch techni ques. Thereafter, the
drain and source regions 151 may be forned, for instance by ion
iﬂylantation and the |ike, and after any anneal processes, the netal
sl ci de regi OH8reeser. o5 Hgympa et gl eagdhoampinyfiggrewks -costaablevelheld is
silicidation techniques. Depending on the
provided in an intermediate manufacturing stage. The contact level 120 is to be
understood as a device level of the semiconductor device 100 which provides for an
appropriate isolation and passivation of the circuit elements 150 formed in and above the
semiconductor layer 102, while at the same time electrically connecting the circuit
20 clements 150 to a metallization system (not shown) that is to be formed above the contact
level 120 and which may comprise metal features provided in a plurality of metallization
layers in order to form the complex interconnect structure as required by the circuit layout
of the device 100. The contact level 120 comprises one or more appropriate dielectric

materials, such as a dielectric layer 121, for instance in the form of a silicon nitride

25 material, a nitrogen-enriched silicon carbide material and the like, in combination with a



overall process strategy, netal suicide regions may also be forned in the
gate electrode structures 152, if required. Next, the dielectric materials
121, 122 may be formed, for instance, by plasma enhanced CVD techni ques,
sub- at nospheric CVD, high density plasnma CVD and the like. If required, a
pl anari zadiceon dRikideN8y T8 er dsahesd 22t E/Ys R:?u,s tRFcﬂf—@s'i Ghed Q81 étﬂgqlﬁ@&‘%isb y

n whic Fr'she

using well established CVMP techni ques, wel | -esta d process
reci pes may,tk lii.€e r..r i a; portian,of the material 1 for

| net ance o ur FolBRIGREGE B CRTBIARARE: J00” S b s B e EdRAre y

pl anar syrface topography of the contact |evel 120. Next, a |ithography
process ﬂgvgﬁﬁd3bg¥g@ﬁwﬁ¥ﬁPmﬁﬁ§$éH&§”6§‘Pﬁ@cb%§W§¥%ﬁzﬁérHIﬂ%§ﬁPﬁﬁﬁﬁiﬁals,

if required, in order to provide an etch mask 10 (not shown) which defines
the | at efaRs Boeitendbie Bagesicordustortipeer 8t act toopemiontst ire@3Ryrme@ IBreiNext , a
conpl ex etch sequence nmay be applied so as to etch through the dielectric
maferi al such2@ thaiddial sihedelpgidnsiad| it seagd i agpracipredtthanief céhet BpEdhgs
silicide regions 154, which may thus act as contact areas. 15As previously
di scussethot sheéwh@amey aktcdi @S N6 cRbubResERALBE T SDPRININGS odRBMuses 1438,  at

| east in one dinension, i.e., in the horizontal direction of Figure’l a,

may havegl B8iedaphedts %Qtehgﬁﬁé rt(?q}f?e‘?&tgﬁ{ee[re%ls %1%?3&85%31{1%%&%%& geivgc}%m t

1
el enents 150, which may repreSent transistors forne

criticalgH Lons of .50 nm and |less, 1f. for instange, | engt h of the
gat e el et r@ﬁggé??ﬁ%ﬁﬁngwféﬁﬁP§”86ﬁ¥wdh?88?“%ﬁ8§?“$h@§ébi$§ét 20 openi ngs
123A, 123B al so have to be fornmed on the basis of simlar critical

di mensi ons, which may increasingly result in reduced device performance
caused by an increased contact resistivity when using well-established
prBcess strat tf samipelugtonleviand 8 en idustradDndepesi tai way be ctmicgduestheas

i ndi cat ed above. Consequently, new materials and deposition strategies for
the contlasts dfahelfolkRind auecheentdqpicspolechdine osgdets 1029008, 1d1e 2Rgeposi tion
of conplex barrier materials and seed naterials, as is typically associ ated

with Cvinbasedidorngshely deResiidd At hed gﬁaem&ﬁf&lﬁ{ %@wnf%ﬁe}ﬁiﬁr@t be.

deposi tion techni ques have been devel oped in ch appropriate neterials
T A0 T 0 PN 38, Y O R
Ce)lpggit Pgitﬁ‘gﬁ%‘?@}ff :1an 8’11 er T.'OFTC())I;'meH)'(G%giE)ClS?h theel s%(::nticr:ocl)xldﬁcszt%r Palygltt Il&gsol zi tg%xtend down
15 to a desired depth and refilling the trenches with an appropriate dielectric material. Prior
to or after forming the isolation structures, dopant species may be introduced into the
active regions 102A, 102B, 102C as required for adjusting the basic electronic
characteristics of the circuit elements 150. Next, the gate electrode structures 152 are
formed by applying any appropriate process strategy, depending on the desired
20 configuration of the gate electrode structures 152. For example, appropriate gate dielectric
materials may be formed, followed by the deposition of an electrode material, which may
then be patterned on the basis of sophisticated lithography and etch techniques.
Thercafter, the drain and source regions 151 may be formed, for instance by ion

implantation and the like, and after any anneal processes, the metal silicide regions 154

25 may be provided by applying well-established silicidation techniques. Depending on the



5 deposition technique in which an appropriate electrolyte solution is
provi ded, which conprises a reducing agent in conbination with a salt
i ncluding the desired netal conponent in addition with other chem cal
agents. Consequently, the deposition of the nmetal may be achi eved on an
appr opr i akeral WrbR6E st AN nasal LRI GO RL AR ot B forMBHGR hd W5 3ELRLES 2
cat al yst nate?%al, the%%gy é%é?dfng %he épﬁﬁ?%a?%gﬁ”%?qgﬁﬂggéﬁﬁﬁﬁﬁo ¢
el ectrical, AQuer s> 1Q Al sQ.ihe application.of djtjonal seed materials.
Consequengvy,%guéghg}t e“gep@%%tﬁ%h&§¥8€8§25L¥ﬁ%1ﬁgtE%3ﬁﬁ¥é¥#8v“% o1
increasingly grow ng on the c t areas 154 on the basis of an
autocataf@%%%grg%égg%hﬂGWH@F%fzﬁﬂﬁuwaﬁﬁﬁpﬁeSWhW@ﬁ@W“%EV%H@b ldgh td¢ssipr ocess,
t he approE%%ate reduci ng agent provides for the deposition of the contact
met al  onPHEEBa gy ¥R ds e Hkposil tieguitashtiaplanarizatipn ofchs evpient | 122 masuger i or
growt h behavior from IS bottomto top may be acconplished on the basis of
the el ecrerdtresd. depastancorbypusiogssell tdsmbbiiyd agpiPdiREnianys, iihr @Bithankld es,
such as voids and seans, which may thus result in superior uniformty of
t he cont essblizhédprocddecdigestnis bagipliod f(ﬁ'rl'k!m@diqgta'[ﬁﬂ%n Hape ln%!fcri%p??.s,? d
materials, a superior conductivity of the contact elenents may be obtai ned,
even if {RensPRCLiben BRIE il Ofnd:! I, Ry, be sonewhat

L6 SRS, e SRR 1Rl oo R PR SRR

hi gher conpared to, for I nst ance, en nat'e

exanpl e, be effici y deposited directly on netal silicide
regions,K§§I%bﬂsg?ﬁg:§3ﬁ?%é%w§ﬂggs @%ﬁ:aﬁﬁgﬁ%ﬁ?ydﬁPﬂ%ﬁﬂ' oAPRitd: &renment s
of superior gond,ctivit¥ ven though cobalt has a higher specific
resisti v’i“PS?“i:eo%@Pé’&SIF 8 Pﬂﬁg&%%ﬁ%laterlalsa if requippdy i erdeptosprieida ah ctihl pask
illustrates the sen conductor device 100 in a further advanced
mafuf act @et seeveDayaich Alstingy thet keraldpostiont adt siad efrént ent@8 opeengsot2ed i n t he
contact openings 123A, 123B on the basis of an electroless plating process,
wher ei n t338. sEbect cvepigr ewhisehaimay nofy l@RNGplidtesd 804 k@MBRfugh We BERYIEI Ng a
certain degree of 5 overgrowth in view of conpensating for process and
devi ce n@aatetinls fIODM 21, @BsrcHUGRAIRS ¢ G oPgs Rbtfliifekens; ,
different growmh rates c;%ged %@C if?%fiﬂ?ﬂﬁggggﬁbﬁ%gfhﬂ%gﬁﬁ?%fgﬁgthhich
may be G@ﬁ%@hgﬁqgﬁﬂkggﬂgmgk[&ggent density of contact openings, and the
li ke, may result in a "nus roon’ |ike configuration of the contact el enents
123. In other words, the conductive contact netal may extend above the
dielectric material of the 10 contact |level 120, and may laterally extend
2L§ng a portion of the contact |evel, however, w thout form ng a continuous
al layer &t BEYiquly diseyssel dhe feeml dimernone ot ihe tcohieviebpeld@s e,
non-conti nuous configuration of the excess material of the contact elenents
123, howiev8r at leesy i pgmilifiensint] ie. | infthakatentahdiréuioh e ki piro ¢essiyngnefio t he
devi ce 100 when applying well-established CVP techniques for renoving any
excess rtet alapforiomn thbacdimeonteed dievadiork26f the circuitFliGWERs 156, SRRemRL| cal ly
illustrates a cross-sectional view of a portion of the sem conductor device

100 whenepeschothddod EMRIPEPERIsLAT Jll_;iﬂcﬁrcgﬁénsti(ﬂlsroqt%vi n A l%&g,cﬁ*sﬁ)'
material of the contact elenments 123. For convenience, a sing & Cont act

el ement instance, the length of the gate electrode structures 152 is considered. Thus, the coniact

20 openings 123A, 123B also have to be formed on the basis of similar critical dimensions,
which may increasingly result in reduced device performance caused by an increased
contact resistivity when using well-established process strategics based on tungsten and
CVD deposition techniques, as indicated above. Consequently, new materials and
deposition strategies for the contact level 120 have been proposed in order to avoid the

25 deposition of complex barrier materials and seed materials, as is typically associated with



20 123 is illustrated during the polishing process 103, wherein, due to the
“nushroont |ike shape of the element 123, significant forces, as indicated

by 103F, act on the contact elenent 123. For exanple, significantly _

i ncreased sheer forces may result in corresponding torque forces, which in

turn may OngsBhded tin @il &Bgii%i&@%ir%é PHRFEIRN o1 Qi vE r&%}g&ﬂmnatgéhnnr{uggﬁme 123,

as indicated by the dashe i ne.” Consequent |y, SI%BI |aznthco o
25f ai | L JTR) G i.ng. the CMP process. 103, .whi y resu in
an nacoonyny s bR R alath AblPEh oyl MCR Akedl et e M sbrare | y

gr eat effgrtz?ﬁre behg% made | [

n.identifying appropriate process paraneters
for the G¥F procaduu ,““'f%ra‘idﬁﬁléh]&”é"‘?‘%lﬁngﬁeﬁ‘g msicripgingn fhgrsedewallp gf the

material and the like, in order to reduce the nunber of contact failures,
whi ch ma§oBetcaases dA3fhéd2basi orofxammie. rekesiplss phdingas ent gipitmahdiyicalppl i ed
in 5tungsten deposition regimes, in which a continuous tungsten layer is
f oPmed ofeptoligiopotetiagquel evethid2@n appropriafthelegrapenioleti@C is0profvRictS wllidhect ed
to various nmethods that may avoid, or at |east reduce, the effects of one

or nore eimpies pr eblueis haentihfdethiahoyewil 0, ?Hmﬁdl% m@EdéchEWéé%r\l ‘o

The follow ng presents a sinplified summary of the invéntion in or

provi de g h@sichr HNARESSARALNILQ IR iE) ?{?Qﬁﬁtémgg% epﬁ%' N e})ci)s?tri]om %)I'p Ihﬁ
sunmary I's not an exhaustive overvi ew o e i nventron. | I'S no t ended
to ident HZ:M& Eﬁ‘w bgracl%E\i/etdi ocnaa!,n aeplp?or{)?g%essu%facé, Qgch as the contact area 154, which thus
acts as a catalyst material, thereby avoiding the application of an external electrical power
10 and also the application of additional seed materials. Consequently, during the deposition
process, the metal material is increasingly growing on the contact areas 154 on the basis of
an autocatalytic reaction, wherein, during the further advance of the process, the
appropriate reducing agent provides for the deposition of the contact metal on the
previously deposited contact metal. Consequently, a superior growth behavior from
15 bottom to top may be accomplished on the basis of the electroless deposition process,
thereby avoiding any irregularities, such as voids and seams, which may thus result in
superior uniformity of the contact metal. Due to the lack of any additional barrier and
seed materials, a superior conductivity of the contact elements may be obtained, even if
the specific resistivity of the contact metal may be somewhat higher compared to, for
20 instance, a pure tungsten material. For example, cobalt may be efficiently deposited
directly on metal silicide regions, such as the contact arcas 154, thereby obtaining contact
clements of superior conductivity, even though cobalt has a higher specific resistivity

compared to tungsten.

10



15 invention or to delineate the scope of the invention. Its sole purpose
is to present sone concepts in a sinplified formas a prelude to the nore
detail ed description that is discussed |later. Cenerally, the present

di scl osure provides manufacturing techniques in which 20 contact el enents

of a sem condpgi,pr 19%‘6!1&%1&%@ be lstpcﬁége 0Lkt P(ﬁldg@[%r e 1(:(, Sl%l()e%t l Vfgltl et

depOSI tion techni ques, sucn as e ectrol ess

mechani c ring the pl tion e con . veI after t he
deposi t %*nvaﬁrédeﬁ%n%%n %r 8e 21 AN BRN by RSB 2° -ﬁlw e
illustrative enbadi he contact netal be appropriately enbedded
in an apPtoHt CREN Eat el arlngs‘ﬂ’c 1e Ysis 1pd ¢ d&il"é‘?‘é‘@h? elakipg erqesss. sherehethe
25contact |evel, possibly in conbination with additional sacrificial

mat er i al selecsige agrongh dishpvier ang héhepranieingait ifon pofvidihe «antiaict degeel ofni t hout
appl yi ng undue nechani cal stress to the contact netal. For exanple, by

appr opr i atcefrpvilelieotdvngl thepematin@lion fiocknent a@vidchendirgfoealies Csurat.gri al  of
the contact level, any overfilling of the contact openings nay be avoi ded,

S0 that &dheacbbgima szﬁtmmenelﬁfdgﬁtlrredlq:@rtfnag;tomﬁvﬁ& dBYedy cﬁﬁr&%mbtaﬂhﬂ%ﬂ“ the
basis of 5 an etch process and/or a polish |ng process 1 n whic any excess

mat ot | al alsifohe 6RO Al YRl Y IR o SBYEIIARUL RS RBDL Gl Ly, LY essi ng

t he contact netal ratlve e t he

| anari zati on_ o he qpnt ac | i shed by repovi ng an
gxcessI frla 'm%m '1th e “E:L!:? 88‘[ qﬁ@t‘ﬁﬁéwaflﬂeogﬁﬁmgh%ft Qi‘?\“%’lt%&gﬁr \(;[:9 'cgl

etch process thereby al so efficiently avoiding any undue nechani cal 10
stress fWPIdenihecemdagtiveerutiishactalonny st piove sibt abielpardc degiosal tafome
techni ques, such as electroless plating, nmay be efficiently applied for
déposi t |Cr¢glc’(chétvclorﬂ0a@md mey ddteraly lexupeatdngra pmiidoo fiht yeonabt [be:] Lindusegont act
failures may be avoi ded during planarization of the contact |evel. 150ne

i 11 ustravitwe fiehtinga dirtohose@ctabkeedhct@k damiitdsurRETbNGe doasitiact 124 ement
in a sem conductor device. The nethod conprlses formng a netal in a

cont act Hﬂ:eﬂbrflgoﬁtﬁ’rh%dcérm Rrdliof! Tk &Rt Ghte V\;{’Iﬁdi of 1R &%@c?%}en{cﬁ}@eb?y

perform ng a selective depOSI tion process erel n the contact openi

connect g, fa. a G CL & el ement %Prneg) Ieast

partial | 1y S @ 511 ?y %Huwge t ﬁ[“ﬁléu s%ﬂ‘feé?)lﬁ%luogt (])1? XIRC Oa
applying well-established CMP techniques for removing any excess metal from the

15 contact level 120.

Figure lc schematically illustrates a cross-sectional view of a portion of the
semiconductor device 100 when performing a CMP process 103 in order to remove any
excess material of the contact elements 123, For convenience, a single contact element

20 123 is illustrated during the polishing process 103, wherein, due to the “mushroom” like
shape of the element 123, significant forces, as indicated by 103F, act on the contact
element 123.  For example, significantly increased sheer forces may result in
corresponding torque forces, which in turn may result in a significant displacement of the
contact element 123, as indicated by the dashed line. Consequently, significant contact

25 failures may be created during the CMP process 103, which may result in an unacceptable

11



20 nethod further conprises formng a contact element fromthe netal so as
to be laterally enbedded. Additionally, the nethod conprises performng a
pl anari zation process on the basis of the laterally enbedded cont act

el ement so as to provide a subsequent planar surface topography of the

contact h¥&ke of yield losss.f Wok NE&sel dehdual, r@hgfc}ﬂﬁy gg?éartloe?fogt's SEL ga]c%gyf fEseLn

conprises formng a contact opening In mat er | %c8ht act

| evel of devi ce, rises, formng a
conduct 1 &R AR a R P oree M e dPeriong i tnBUEms
overf|II| t he. cont act openi Addj tiaonal ly, the nethod conprises

renovi ng Q%§B3r®ﬁ§n @Pytﬁgmﬁ? %ékf%1%k%ﬂﬂé¥¢aﬂo§§d%§ the proeker dé canigbtanar
surface to ography of the contact |evel. A still further |[Iu§trat|ye
met hod df&igress adi q){iem’éi e caurpd iovabe f0@$1$n'0ﬁ@hé1’ cwitcadhatope i piqullyrupglie &l ectric
material of a contact |evel of a sem conductor device, wherein the 10

coAt act opestemdermettondegitnes,dn edidhactontinedusafingiedi iR id fopheMBRthe chhicimet hod
further conprises performng a selective deposition process so as to fil
the contret! @oening with a conductive material. Mreover, the nethod
conprises formng a sacrificial material layer above the dielectric
material and the conductive material. Additionally, the method conprises
planarizing a surface topography of the contact |evel byfperfﬁrnl?g anletch
15process thaty is initi i he presence of the sacrificial materia

| aser . BRI EF DESBPPT E‘L‘ EW‘NG%UOUS methods thar gy ekt 68 gk Eastay be
understood by reference to the foll ow ng description taken in conjunction
with theng 4 &F%Q farags megse, ofithe pwblshisiidaagifiedpleavence numeral s identify

10

SUMMARY OF THE INVENTION

The following presents a simplified summary of the invention in order to provide a
basic understanding of some aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key or critical elements of the

15 invention or to delincate the scope of the invention. Its sole purpose is to present some
concepts in a simplified form as a prefude to the more detailed description that is discussed

later.

Generally, the present disclosure provides manufacturing technigues in which

20 contact elements of a semiconductor device may be formed on the basis of selective
deposition techniques, such as electroless plating, wherein any undue mechanical stress

during the planarization of the contact level after the deposition of the contact metal may

be avoided. To this end, in some illustrative embodiments, the contact metal may be
appropriately embedded in an appropriate material, such as the dielectric material of the

25 contact level, possibly in combination with additional sacrificial materials, so as to enable

12



20l i ke el ements, and in which: Figures la-1c schematically
illustrate cross-sectional views of a sem conductor device during various
manuf acturing stages in formng contact elenments on the basis of an

el ectrol ess plating process and a conventional CMP process for renoving any

excess Zﬂi'éﬁﬁiﬁxﬁdrlﬁzlati&f of g G&ﬂﬁc@%ve@lvﬁ%ﬁF %{%ﬂg% undue FhOMG&Ra1287c8E 10 the

schematically illustrate cross-sectiona sem conductor” device in

i i : f f or mi.r tact el nts.on the basis of a
vel cor; v AR DR SLRATe O hBloBHRep Sk e e T B ne eo DBt st

| evel may. be .5 acco i,.shed wi thout exerting undue nmechanical stress to

t he cont &¢ C‘g’lcel??ﬁ‘ﬁflgl%thea‘i"é‘ﬁ‘ﬂ ﬁ‘i}’e ﬁﬁédﬁﬁeﬁdh‘gﬁ?]@féléfn?%lﬁ%‘?t PEEHNES may e
dielectric material of the contact |evel, according to illustrative
embodi neftddedEpehabte PlmEzaiohaidd watdey lovil mat bareompbsedndhd bass ofvi ews
of the sem conductor 10 device according to illustrative enbodinments in
whibch t hen ¢ishtraetese hedient pobsliny ererbeddeticomny hachashacefl & Bacoihdici al
fill material so as to reduce undue mechani cal stress upon planarizing the

contact leesehiayald removed withofl eécRMmicHly2Kra6aReMME | GaRldkY mhdiiusty alge
process strategy for planarizing the contact 15l evel of the sem conductor

devi ce ofukiRRivRaShRdhe D ABLRSLS H&'Qi%ml%a]glaﬁzﬁﬁgti&{ 8F 8&Scontact level may be
accomplished by removing any excess material of the contact metal on the basis of an
electrochemical etch process, thereby also efficiently avoiding any undue mechanical

10 stress for the contact elements. Consequently, selective deposition techniques, such as
electroless plating, may be efficiently applied for depositing the contact metal with

superior uniformity, while undue contact failures may be avoided during planarization of

the contact level,

15 One illustrative method disclosed herein relates to forming a contact element in a
semiconductor device. The method comprises forming a metal in a contact opening
formed in a dielectric material of a contact level by performing a selective deposition
process, wherein the contact opening connects to a contact arca of a circuit element that is
formed at least partially in a semiconductor layer of the semiconductor device. The

20 method further comprises forming a contact clement from the metal so as to be laterally
embedded. Additionally, the method comprises performing a planarization process on the
basis of the laterally embedded contact element so as to provide a subsequent planar

surface topography of the contact level.

13



according to further illustrative enbodi nents. VWil e the subject
matter disclosed herein is susceptible to various nodifications and
alternative forms, specific enbodi nents thereof have been shown by way of
exanple 20 in the drawings and are herein described in detail. It should
be under st ooda howeV@strARaindiie 836k EEﬂeﬂncJﬁgfrgksnib‘aninﬁgp Cntdc® ¢ ?&qﬂ di ment s
is not intended to limt the invention to the artlcuﬁa orms d scl-osed,
but on t capt.rary,. .t intention;is te cover all nodifications,

qui val ent 2 BEEEREalRE bOL SR dE P ar RN Rba BV B8R g ¢ ne
invention as defined hy the appended clains. 25 DETAI LED DESCRI PTI ON

Var i ous. MO CRRTOES SHHEEH PeREQoBre RS SOREGH 2 Emdbs SoPBEoBaIGw. | n
the interest of clarity, not all features of an actual inplenentation are
descri bethaut giesfilips & ¢antact epening  (idfitiondllye thir wethbé cappristsi ramedingat i n

t he devel opment of any such actual 5 enbodinent, nunerous

i mpl enenpativomisipedli¢licgridecitsizdne must pheidradeldnar actficeviepbhepidevelieper s
specific goals, such as conpliance with systemrel ated and busi ness-rel at ed
constrai ed8actWhieth Wi ll vary fromone inplenentation to another. Mreover,
it will be appreciated that such a devel opnent effort m ght be conplex and
ti me-consum ng, but woul d neverthel ess be a routine undertaking for those
of ordinary skill in the art having the 10benefit of this disclosure.

The present sybj Jatter Wl now.be described with reference to the

at t ached figu}r’{eéstﬁF ﬁg%bd@”gp$ﬁ%gﬁﬁgg,£§9%¥%H§I%36055W$%%§"@F%§%éﬂ@ﬁﬁticalIy
depicted in.the draw ngs for p¥rposes of explanation only and so as to not
obscure PRFES BLeielegiticdpysin ©f wirlageleys! o & wwarcendacipeftviggmavhsrain thehos e
skilled in the art. Nevertheless, the attached drawings are included to
défcri becaast expphiak rextends 9o raatontactestampil e ciofuit hienpneséiie dickot osthe. The
wor ds and phrases used herein should be understood and interpreted to have
a meani ngpnuoitss perénming & kelédiee dasisithingnoiaagsods b MolsBe waias opadnphimses by
those skilled in the relevant art. No special definition of a termor
phrase, donQuetivd Habiifl thigRotdathe hiethod comprises forming a sacrificial material layer

above the dielectric material and the conductive material. Additionally, the method
comprises planarizing a surface topography of the contact level by performing an etch

15 process that is initiated in the presence of the sacrificial material layer.

BRIEF BESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken
in conjunction with the accompanying drawings, in which like reference numerals identify

20 like elements, and in which;

Figures la-lc schematically illustrate cross-sectional views of a semiconductor
device during various manufacturing stages in forming contact elements on the basis of an
electroless plating process and a conventional CMP process for removing any excess

25 material of the contact elements;
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20 different fromthe ordinary and customary neani ng as understood by those
skilled in the art, is intended to be inplied by consistent usage of the
termor phrase herein. To the extent that a termor phrase is intended to
have a special nmeaning, i.e., a neaning other than that understood by
skilled artisans, such a special definition will be expressly set forth in
the specification in a definitional manner that directly and unequivocally

provi des the Ch.a n. the t

present di scl gg%g% %aell)q gg{ ﬁqule xlgj {mtﬁacﬁ%%s béi’lboﬁahglcg\fsr %lt ég‘.l(,lélé(,oil’lﬂuc\mh ch
cont act glenents of a seqlconducto[ device may be |hrned in the dielectric
mat eri al YOG He VEEHE Bty adingsiaggs pioy ifpigniag cappsveemers ont he basie ohi ques,
such as electroless plating and 5 the like, while the planarization of the
cont act P%Wéweﬁﬁ?oﬁ@mhéﬁéﬁﬂﬁﬂsWé@GMkthbn@n@%@h©mm@lUmduwdmebhdnmaaﬁmstress
to the contact elements. To this end, in sone illustrative enbodi nents

di §cl osetkchapéilied wibontnitdrang dméhcec'tldfdhamnﬁt erdsal (o ofhet fert@ondl@aind @vel may
be provided with excess height such that the contact netal may be filled

into thelacoatycnbefin MBS codil Metallihabk WidvahdiRge @Yo MRS Edrkdct Ng,Lf the
cont act openi ngs. Cbnsequently, 10 the subsequent planarization of 'the

cont act &%MﬁﬁmfﬁMngﬁmﬂeé%ﬂb&ﬁgmﬁﬁ the basis of any appropriate materi al
renoval process in sone illustrative enbodi ments, only one

dielectric material has to be renoved, for instance on the basis of a CWP
process, while at the same tine the contact netal is laterally enbedded in

the dielectrigc mat rlal In other illustrative enbodi ments, additionally to
the lateral efBBEd ﬂgzco?‘h?’ﬁé“‘"@gﬁtlg’é‘%“atcl@oﬁ FEORAS Viawst dethe nemicandugias) ect ri c
material of the contact level, a sacrificial fill material, for instance in

t h8 f or nayiceaagsouhig ite dllisrmtivatestiodimemayn behidpphd edntacidelamynisemuséd dur i ng
the planarization of the contact |evel, thereby providing an even further

i ncr easechisalded ae hertasiofof b Recrifi] adit maieﬂﬂ&d@tas to fdagcs@tiue fhdhalicdl ishdss
material and the excess material of the dielectric material of the contact

| evel naMxﬂqﬂﬁ@nmmg@Kgxmuﬁimgda&ugtch process or a 20polishing process or a
conbi nation thereo In still other illustrative enbodi nents

di scl osed herein, the contact netal nay be deposited on the basis of
process paranmeters which may result in a certain degree of overfilling,

while effici e,contact net al be acconpl | shed by
25prOV|d|ng %ﬂ§%8$?$?%kgﬁﬂﬁlﬁﬂg IE§FWbﬁpHFC$5WP“ﬁéﬂ@Hﬂ§F“¢H@ﬂ@%F@E%J an
appro r|

Fl)‘? P cvc of the semiconductor device on the basis of an electrochemical etch process,

according to further illustrative embodiments.

While the subject matter disclosed herein is susceptible to various modifications
and alternative forms, specific embodiments thereof have been shown by way of example
20 in the drawings and are herein described in detail. It should be understood, however, that
the description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all maodifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.

25
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pl anarization process may be performed in the presence of the sacrificial
material, which may then also be efficiently rempved during the

pl anarization process. The planarization process may conprise an etch
process, a polishing process or a conbination thereof, wherein the

sacrificial material may re?w%qﬁﬁpgig%§@ﬁyﬁﬁgﬁgaz?Lgeznggg?n:gggying a
5pol i shing process. :

di scl osed her gi.n ont a tal nmay, be embedded Onséh basi s of a
conducti ve na?gppg%?ﬁgﬁgﬂ&héggﬁﬁ@%gFqﬁ&#%#?ﬁﬁfoﬂﬁWtﬁmﬁﬁ “ﬁ@dﬁﬁbo§?ﬂ@d after

iding the actual contact netal .on the basis of any appropriate
Egggbosigvgﬁst CﬁﬁpahéKEd*a?mFE“ngﬁpdguﬁjdBﬁﬁ@WﬁWﬁ@@ndﬁﬁdﬁéﬂﬂvélmd@ér on

the dielectric material of the contact |level. Based on the continpous
conduct i $ReCilplen. Hrvitl dawpise e mbpabiasdshatpn dbeds chmmmebeoppl suebl atmalor der
to renoval any excess material of the contact el enents, thereby providing a
suBst ant embodimghamamesusfiageapognaptyfiotietibieons ankass nlaayeb .achidyvs QFe
illustrative enbodi ments, the el ectrochem cal etch process may be 15

per f or medevefopefie spasis g0dls, aficRddicbnPNalceSARE isfdichakia@B 8l Rk ine WL Gy
result in superior process conditions, for instance, by covering a portion

of the candugihisvenidy&in %ryai‘?oﬂ] mll%iig’lgple?l%%ﬁi ﬂftota{ﬂﬁtll%l.eﬁ}t[o;rg(gvheﬁg?é gﬁa’h ob?ft fﬂe

Eropess+ Cbnseque?tly’zgheecggffro teELoylu;ngs cﬁ go an el ectrol ess
ol at  ng. BPSRELER et BuosEl T PRSP ntp 6 niHTdegpaan e, oo |
cont act BBUHIHGEUAH Phe ke s BB bRt mani il ofih i hedng et | ovol
may be perforned on the basis of process strategies in which undue
néghanid%meﬁhﬂébéé@$kﬁbﬁiinstance caused by conventional CMP strategi es,
may be avoi ded. 25
The present subject matter will now be described with reference to the attached
figures. Various structures, systems and devices are schematically depicted in the
drawings for purposes of explanation only and so as to not obscure the present disclosure
[5 with details that are well known to those skifled in the art. Nevertheless, the attached
drawings are included to describe and explain illustrative examples of the present
disclosure. The words and phrases used herein should be understood and interpreted to
have a meaning consistent with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or phrase, i.e., a definition that is
20 different from the ordinary and customary meaning as understood by those skilled in the
art, is intended to be implied by consistent usage of the term or phrase herein. To the
extent that a term or phrase is intended to have a special meaning, i.e., a meaning other
than that understood by skilled artisans, such a special definition will be expressly set forth
in the specification in a definitional manner that directly and unequivocally provides the

25 special definition for the term or phrase.
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Wth reference to Figures 2a-2k, further illustrative enbodi nents will now
be described in nore detail, wherein reference is also nade to Figures

a-1 c as required. Figure 2a schematically illustrates a cross-sectional
view of a sem conductor 5 device 200 conprising a substrate 201 in
conbination with a sem conductor |ayer 202, in and above which

sem conduct or-based circuit elenments 250 may be provided. As expl ai ned

before with r sem conduct ar devi c t he substrate 201
and the senlcgﬁgu@t%fn é§4¥B”§O§LW§§”%é%%“Qﬁ&ngﬁbﬁﬁwﬂpét%“%%mW;@hr ‘ﬁb

such as an SO . confiquration, a bulk configuration and the I|ike.

Furt her nﬁ?léta‘:ttcﬁé“&“r‘glﬁ g HEp s dexigs ’“‘])Ob‘rr‘é’%“?‘ébﬂé@ dislechymeterigluilthe
elements fornmed on the basis of a sem conductor material of the

sem condéetie evey by apelyinsiniietiag depwitibnebtledques ankias thrsolesephstoms],
capacitors and the Iike, wherein at |east some conponents may be forned in

t hé seni deritectvbile llﬁxﬁmaﬂ%:onl-?ﬂ thexamaet &yvelamgopestcoeglishrd 2athout @ferﬂi 1{&3 tance
such as a drain or source region of a field effect transistor,

provi deduhduet hRclheidaf QRESCPIhd dYREci202maRd MY HRPEES elﬂt so@ncp ?i'i&stl 1vct he 15
circuit elenment 250. Mdireover, a contact area 252 such a neta licide

mat eri al mB@cle%ﬁtésEd&Q,\f Hgd. %h}clﬂ} Ang oo cﬁ&QQH§ o fer yo?rthCZQ()ng 3 é?vc %ﬁys S’L stsgg

circuit el enment e appr ecl a at any cri

above mnth o ference to th uctor device 10 nd . the orrespondlng
ciroui b RREHEVTEE e nkieB SERLRGL et ewaﬁmy by e ig286 coretenoul d
further be noted fhat the CIrCUIt el enent 250 may al so conprise 20 any
conponenPRENINEScWhHG rgjiably aoeting apeovarfillivgnddke entiact wpeningse, Cawseqientiay be
fornmed above the sem conductor |ayer 202 and which nmay require

apfr opr i Beelpscadaptehacioaticace! ieawenrslevasmiap balpsdotiaicas sedbaboveany
Moreover, the sem conductor device 200 may conprise a contact |evel 220,

whi ch 25aﬁmbmlakxenmmﬂ@r séed] gsocasdliielvasdt, iif somE allidlatidd SmbvllintAtsMaYlyl ncl ude
two or nore individua
one dielectric material has to be removed, for instance on the basis of a CMP process,
while at the same time the contact metal is laterally embedded in the dielectric material.
In other illustrative embodiments, additionally to the lateral embedding of the contact
15 elements in the initial dielectric material of the contact level, a sacrificial fill material, for
instance in the form of a planarization material, may be applied and may be used during
the planarization of the contact level, thereby providing an even further increased
confinement of the contact elements. The sacrificial fill material and the excess material
of the dielectric material of the contact level may be removed by using an etch process or a

20 polishing process or a combination thereof.

In still other illustrative embodiments disclosed herein, the contact metal may be
deposited on the basis of process parameters which may result in a certain degree of
overfilling, while efficient embedding of the contact metal may be accomplished by

25 providing a sacrificial planarization or fill material.  Thereafter, an appropriate
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material |ayers, depending on the overall requirenents and configuration of
the contact |evel 220. As also previously discussed with reference to the
sem conduct or device 100, the contact |evel 220 and thus the dielectric
material 222 nmay be fornmed above and laterally adjacent to any

sem cond Hféﬁ&l‘iiagt@ﬁ gﬂ)cﬁgsr 1915“{ e %Eﬁm{gdsi% é%@ ﬁl&?&%e R Y g'cﬂﬂcﬁpl?lﬁtgﬁ%l? gil%ii(!hed .

passi vation of Clrcul el enents or conveni ence, ectric

mat eri al s lllustrated as representing a.continuous naterial system
i e, o dodifutd b ETRLES Sl GRIERE D fiERh miRin R hneRgedoh
sem conduct or devi ce 100, two or nore indjvidual |ayers, such as an etch
stop | ayBPCEHd™MHhEOTIPRES ARehiCh BIOSFSv RIAIShIAE Reehss 8 FoRbInpEomHctefni ng of
the contact |evel 220. In sone cases, the dielectric material 222 or at
| east a Wherepothei srifipiel eoflerimhyndye roslues inte datwial tsheer Hogtes ivitear aymlyisg mess
| evel so as to increase performance of certain circuit elenents, such as
tr ansi st polshagdgrodess.| i ke, when the stress level in the contact |evel 220
may provide superior charge carrier nmobility in an associated portion of
t he sem conductor |ayer 202. In the enbodi nent shown in Figure 2a and in
t he correspondi ng manuf acturing stage, the contact level 220 is illustrated
such that the i.el [l [ 2. Rri.se._an extra portion
2228 whi ch oy & apy boeng -G Rl S IR RRR R S AP aBR s
l evel 220 to be removed in a |ater manufactyring stage. Furthernore,
cont act %P%%@%fgngﬁﬁb%ﬁ%Ob?BWFﬁﬁﬁwiWd?ﬁ@’é it 4 “FE@%W“?@E‘@Bdhng ®connect
to the contact areas 252 provided in the sem conductor |ayer 202, while, in
ot her ca¥@8sitgdnakigidptavising dhe mstugbrrraieet aratern $hosis aply aat Hepropuaact
el ements may be 70 provided, which may connect to other circuit conponents
fdPned abwestivhdedvimue owdac toprdvideen c20Rpucssclendsctiyatieycel @c tiodielestricuct ur es
and the like, as is also previously explained. The contact elenents 223 may
r epr esenha@riglondudici wenms gevadl fRiRdoh NIHROLHAHRRNEYI AhdGONMAtLypPRRI NS
223A, 223B so as to extend to a desired height |evel w thout overfilling
the contagdeRGRicAGS I SRRess283Bhe Epﬁi&i%%gﬁ! t\Sere%Rerdngl ex@ss e G@nt act
el ements 223 may, in sone illustratlive enbodi nents, represent a
substantgal |y, .ugi nt.erial . thereby providing syperior conductivity
and ¢ husEsalac Mgl MBB0 B g LSRR U s3HRY, RouraRcache
additional barrier natenia[g,and qu i ke may not be provided in the
cont act EPEIrbiSYE- J850medllpjiiatve Ay oodmenisoibe shicirashe e glratnoeshirs R al s,
such as cobalt, or any other appropriate netals, such as al um num and the
| ike, nayrivanshpeiliceasis of an addiipsaksaeriGonbmetesiel, devele magaesudisnisipastr at ed
in Figure 2a may be forned on the basis of the follow ng processes. After
conpl et imgeasheorlitauy) for @hseameatty @56ringa podicabdvie: ¢dnduabrileandust ontidiayer
202, which may be acconplished by using process techniques as

phase of the electrochemical etch process.

Consequently, the concept of providing the contact metal on the basis of a selective
20 deposition technique, such as an electroless plating process, may be efficiently applicd
with a high degree of flexibility, for instance with respect to the degree of overfilling of
any contact openings and the like, since the planarization of the contact level may be
performed on the basis of process strategies in which undue mechanical stresses, for

instance caused by conventional CMP strategies, may be avoided.

25
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10 al so previously discussed with reference to the sem conductor device
100, the dielectric material or materials of the contact |evel 220 may be
deposited wherein, contrary to the conventional strategies previously
described, the sacrificial portion 222E nmay be provided, for instance by
i ncreasi ng t hayfhirclkrass (OfFides bLPR!I ABLENilI@&alify %ﬁlbgcfiiiﬁeﬁﬁ_ &;E]Ptnf}ﬁ:t chf evel
220 or by providing a separa&e material |ayer, wherein a thickness of the
extra portion. 1.Si.. D sel.ect such it hat ;a conductiye material nmay be
reliablyd%%%lf%e a#?ﬁ#ﬁvﬁﬁgcgyﬁ‘E%F°5b£%%%ﬁ%05§§ﬂ?ci 3B &7 8" Pat t er ni ng
the sane on the basis of any appropriate patterning reginme. That is, the
initial total height of the contact | evel 220 is selected such that the

sel ective deposition of the conductive nmaterial of the contact el enents 223
may not resul t19WE 24 whenpiiqaly ndugifalehe eestwctiombentwgy 228micaRdedpr
irrespective of any process-related 20 variations or irrespective of any
di Bf er endevitn2@bpihpigfinconttattic@féni ngsbinatien withy, eontoadictopapéigs, My have
to be formed so as to extend to a | ower depth, for instance when connecting

to gate ehecbbodevigél uehwosSuddthbie dickie. c1ohérs Bat k) b grdi@comiact
openi ngs 223A, 223B, a selective deposition process, such as an el ectrol ess

pl ati ng RL{ASRSShef he, (Fag=To MRV ¢ LWL BE; eXRASHS 1 Q e
R B R A L R T

separate_pr: ion of a talyst material on the contact areas 252. For
exanpl e, S(%&? éé‘:l(g}cg)ﬁc%y 4s 2@%55‘?)%/?}%%/ BPe YratHy CPBﬁé?Péﬁ’%‘n HeheSaf 1% ci de
on the basks of. wel | -establ i shed el ectrochem cal deposition recipes.
ConsequeftTHEUTaiRR; fdutheondligpdirnicgn the likne Tushermarentbe wieef clemests 3%e
circuit elenments 223, a desired superior bottomto-top fill behavior may be
adBonpl i B¥EderApichearGicdit stpnmntsaforiehst theddsisiofig saniconductteposital ofi el at ed
irregularities as may typically occur in CVD based techni ques, when contact
openi ngssanficoreiuoe thyknL @2, alcldintdas ieflost teaneistods, Desididrk,| @dacitby @av@e likeur i ng
the sel ective deposition, the process tinme nay be appropriately controlled

SO as towhebireMEedt d6at c8hpbhdnts Mal BT fole Y hefsehit@nGRAG e ORBN AGS 223A,
223B, irrespective of the initial depth of the contact openings. On the

other h ni A Ni . nolenaBrmay. . 10 have an. appropriate
depth, | duemeh e REs RGBTy 5 SRRy R R B PR "o e
contact gpenings within.the desired deposition.tinme. It should be
apprecid@gﬁmgﬁdpdyh%pﬁaﬁ%gf? Bﬁﬂgﬁﬁ@gwg9i%éuﬁggdwgsﬁﬂéF@Fﬁ¥%éﬁﬂﬁHfﬁﬁvance,
fig instance‘?n the _basis of experinments, thereby enabling a reliable

esti mat i GrFudelensd gl r P Esaseoniacharen @58y teh as @ nesalailicide miteriakeiaght

w thin any of the contact openings 223A, 22313 that corresponds to a

15desi r et previghd irofhetshimicoodicaotlagh @i mt s RADS the circuit diingant €5@b It should

schematically illustrates the sem conductor device 200 when performng a
pl anari Ziat hopregaed el 2AQ3ciiwriordieiisded ooV Wigh acPicaf@lio I k@GRoAARAG! aphy
for the contact level 220. In sone illustrative enbodi nents, the

pl anari Zehi@n (W Q&EFR A0%sPBYIIRE circuit clement 150 may also apply for the circuit
elements 250. It should further be noted that the circuit element 250 may also comprise

20 any components, such as gate electrode structures and the like, which may be formed
above the semiconductor layer 202 and which may require appropriately adapted contact

clements, as is also discussed above.

Moreover, the semiconductor device 200 may comprise a contact level 220, which

25 is to be understood as a dielectric material 222, which may include two or more individual
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20 perfornmed on the basis of a CWP process, in which mainly material of the
contact |evel 220, i.e. , the excess or sacrificial material portion 222E,
may be renoved. To this end, a plurality of well-established CVP recipes
are avail able, wherein the material renoval may be acconplished w thout

undul'y abfRGld MY eldh@estRCHN %ee@@iﬁif I%ﬁﬁ@l’leg%lg %E((i) ﬁ“ggﬁgﬁ%‘@mﬂ{h@ Bhfact

efficiently enbedded in the contact |e

wel | - est ahl.i d,CVR. 251 i ques for.remving silicon dioxide material may
be applie fl3?5nAgagS%%%ﬁ@ﬂﬁ%§“°%%%§WPéﬁQQ%E%QEHHCé?ﬁéOW#KPH eVBPﬁ@éf a
silicon dioxide materjal. Consequently, during the planarization process
203, s g i ey a20ning o A Kikisbies e 29 Tk PRgorBst St e
renoval ?rocess 203, thereby finally exposing a top surface of the contact
el enent s'@o8lly pdias@igo] uiyustmigepdrstasbbendi pentiis lemisatspimnelyi patvidan preoocess
203 perfornmed on the 5 basis of a CVP process may be continued so as to
redove adesiet gassipoiohiodnhotirtiheclomties i2al. 222 co@sniondd, ané adidyic2A2ixial n
order to conpensate for certain differences in height |evel of the contact
el ement s222% Wikthitdll dhepeaniagta ORERLAGSIARRM sy2R3BwhllReyCRr {2 SRONEL N
renoval of a portion of the contact |evel may be acconplished by a certain
degree o Lshi Mer el : i : terial |oss.. _be
aken | 0t L R SRR B B R e D I8, ' B R et g
or thickpes f.the contact |evel ..t should be appreciated that also
duri ng tﬁ§§$1%51 %h§§gn%f§9%éa¥ﬁéWéﬁg%éWFoﬁmﬁr'c@@gmgge?sHHW“§$§WiﬁWcant
sheer forces with respect to the contact elements 223 nmay be avoi ded, since
t he cont BRHPEARHE SO lgyg) 220 (I syae paseerthy diplestisaniednl 232 ohet Whslaect ri ¢
material 222 of the contact |evel 220. 15 Figure 2c schematically

i 1Pust r ap@son Heerselmreynblu prodddevilbea 20gh avemadistepst evélust heroiihtrasser ati ve
enbodi nents in which an additional sacrificial material 224 may be provi ded
above t hgertombhaet ofl @vieln ARWitpsleentd, Buplead GhMiNGstang (B¢ ARANHRL theRBds0Cess
203. For this purpose, the sacrificial material 224 nmay be provided in the

form of RveldR Rl @AM RAI200 ARG su&rilor Shaipd (ﬁi‘i'xiié}l m&hﬁ% \/1?3}{ aR8c2RR! T ed on

the basis of spin-on techniques and the |i ke, thereby pr I ng a superior
pl anar surf; ggf@_ ( [gﬁgy% FQ0..hpst by completel v. fi.lling the contact
openi ngs” 3AaAT 95515 ot Berat> AME s PR prkievkrant a1 B o
availabIgTPWQ%ﬁh}nar b,‘anLivqji_ a_|OMIV%SCO S staﬁq‘and which may then
be har defi&d: P H%eﬁé“ﬂﬁﬁﬁl ?ﬁ&“&=§ﬁbé@§ﬂﬁi'V@yj%]éh&‘hgﬁﬁﬁdéﬁhﬂbﬁoﬁWaphy.
In_25sone jllustrative enbodi ments, the planarization process 203 may be
pé?for n@el@ﬁr@ Haaterial 222 may comprise an extra portion 222F which may represent a
sacrificial material portion of the contact level 220 to be removed in a later manufacturing
stage. Furthermore, contact clements 223 are provided in the contact level 220 so as to
connect to the contact areas 252 provided in the semiconductor layer 202, while, in other
cases, in addition to the contact elements 223, any other contact clements may be
20 provided, which may connect to other circuit components formed above the
semiconductor layer 202, such as gate electrode structures and the like, as is also
previously explained. The contact elements 223 may represent a conductive material
formed in corresponding contact openings 223A, 223B so as to extend 1o a desired height
level without overfilling the contact openings 223A, 223B. The conductive material of the

25 contact elements 223 may, in some illustrative embodiments, represent a substantially
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basis of an etch process 203A, in which the material 224, and during the
further advance of the etch process 203A also the material 222E, nay be
renoved, wi thout unduly exposing the contact elenents 223 to the reactive
process anbient of the process 203A. For exanple, the material 224 may have

a si m | agnghel nRehAY | BErcBP );:/)Wvl?dﬂg?g c'n@l Cgl%ﬁl'l'::twlf attlcrﬁ{ugl%}ﬂmd I%thsmﬂg/cess 203

superl or surface topograp n ot cases anar | za

may conp &S g1 Pp9cess 2 224 a

finally e Cor Cg?“{"lgf%dz] BRI Y e %@"%dkﬁ?ﬂ?‘ PE‘h%ki‘gda“ H@%%’vi“&.n?‘rg
superi or |nt ri of the contact el ements 223, which nmay be exposed at a
final phBs¥ "g’g g ﬁgc Hacs flcRSrdd e sk @m%ﬁiil)ydpﬁlﬂ@#@%w?&l\‘léﬁi‘di Hgtetgldue
interaction of the process anbient of the process 203B 10 and the contact
el enent sSYR3s qokalbt Heqnyi Pthersanpetnivint: watabdswinassalumirenphah gei &t inoy r ocess
203 may be perfornmed on the basis of both the process 203A and 203B, for

i n§t anceptyideilr st etching the materials 224, 222E and subsequently appl ying
t he polishing process 203B, during which a difference in height |evel of
the contact elenents 223 may be reduced, as is for instance previously
described with reference to Figure 2b. 15 Figure 2d schematically

illustrates Hﬂﬁe § cglﬂﬂgﬁ_\eta‘ahcg%ﬁb%ﬁ el@l.e ﬁQL&%% 191rlq§u g 4.0 mgg bt qenncéil)(lhij gt rative

enbodi nment s. cont act cofpr i
el enent s, 2 8,8 subst ant i s | i ke confi rat| n mhlch
may be c%ﬁgédqﬁ§ﬂ§ 3%P§8Vﬁ@ﬁébr§heog”%ygﬁﬁi%FFHQU%FRPHE“ég ﬂ%éﬂ PRSI ngs

223A, 223B during the 20 selective deposition process, as is for instance
al so destUFisBREORTIGO ey 203 which nayebesasspmphehsd thyrustiaviroeess Gohnivbesesver , a
sacrificial material 225, such as a planarization material, nay be forned
abBve t hdse pravinsslyl disabscd2gith sefelnedat thi remiontiador dvareHios (223 cRreic
enbedded, i.e., are laterally enbedded in the dielectric material 222 of

t he contmeterihleseha@ls afidhd sonte SaCLIF ingl dle d¥BbGIcH aWvhddd, cd@ratPicsiend,
after forming the contact 25elenents 223 with a desired degree of

overfil |l dgn@entidngl é’i@t@ﬁds%c%l%mﬁ%ddﬁﬁgﬁ dﬁfﬁ@dl 9[0[122@?‘%?’ naré}g vigR} n-on

techni ques and the like, in order to provi uperlor surfdce

t opogr apfyy gl 959%01&?1?}1%%[’16 huﬁcg &ihd {‘ Ha% matFI éﬁ é%)yei‘,i §{ ﬁx\é&%gggblé\é«g%gm her

deposi tion tech Pon "W uch as
a pO|IShI d9 ess and t he I| Basgd on th conflguratlon as_shown in

Fi gure ol VIFE e scppigf alpfufléil @Hzi,pw glaa thickness of the extra portion 222F is

15 selected such that a conductive material may be reliably confined within the contact
openings 223A, 2238 after patterning the same on the basis of any appropriate patterning
regime. That is, the initial total height of the contact level 220 is selected such that the
selective deposition of the conductive material of the contact elements 223 may not result
in an overfilling of the contact openings 223A, 223B, irrespective of any process-related

20 variations or irrespective of any difference in depth of contact openings, when any contact
openings may have to be formed so as to extend to a lower depth, for instance when
connecting to gate clectrode structures and the like. After patterning the contact openings
223A, 2238, a selective deposition process, such as an electroless plating process, may be
performed, wherein the exposed portion of the contact areas 252 may act as a catalyst

25 material, thereby avoiding a separate provision of a catalyst material on the contact areas
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5may be applied so as to provide a planar surface topography for the
contact | evel 220. Figure 2e schematically illustrates the

sem conduct or device 200 at an internedi ate phase of the planarization
process 203, which may be perfornmed on the basis of an etch process 203A

and/ or appel FehiRgpR, 3eeds<2H3B- Cﬁf): f mgﬁ(B‘éTH x&ﬂg\’mﬁﬁcdlatﬂpcl Xleﬂigsiﬁ]it‘]ﬁe &h (Ei?e 10

process 203A, an approprlate etch recip suc
et.ch pr.ocess, t he

pl asma- a

naterialﬁ%gi% gbggﬁﬁ cFJV%’HEFéf?%¥“@?“‘H%Pﬁan86¥ﬂB@E§evaﬂ&gﬁanay
have a V%@%’Slnll rempval rate. Consequently, in the phase of the etch
process L hj “VﬁuﬁpéuF@“?ﬁlOiﬁ@*ﬁﬁ?@%#gm“?§52%hdlﬁh@“ﬁaﬂ@ﬁﬂ@l of
the contact elenents 223 may be concurrently renoved, wherein the 15

cor r espohelte-tetaniilbelawdar may bbacwemishid ehiloavditieg basi Bagfredieignatyer i al
222, which may act as an efficient etch stop material. In other
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nmay be obdihdieshehiafs bheedme®dtahl dARndRds LRECONTREY. 1SH Sd%%‘?h tiﬁor
exanpl e, the characteristics of the sacrificial naterla

ef fici engélé’ctl@gld%! (_rys?fﬁm,, 110 1%&55 tﬂ?ct {EQ? & lal leoﬁ{l lgl con 1gf1 ofecislgrse n%;&%eg/gl ai €,

by perf ornlng ap roprlate treat nen g a p

and/or b an pr.opri at e basi.c e conposi tion when .using
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el enments 223, mhl ch may be provided in the formof a honbgeneous netal, may
have a r&azgft hFrﬁoﬁ‘l%h‘e‘%“é’fg& {Huide gilhso byire thoeangact apeningy B8Aappidprayat e f or
obtaining a 25simlar renoval rate on the basis of a polishing recipe, in

whch subseantipatopyiateiepthhgss tathe ereapesgbn 2e2hani s rayid hey dositlantof
Consequently, any undue sheer forces during the process 203B may be

avoi ded, tht kentebyopegisiys vigiirt ihe desiedleddipbiitivn GmeCnegiduNObLAPr@sdicd Mol tees, as
may be the case in the conventional strategy previously explalne
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process and a 5polishing process nmay be a
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non- cont i,nuous,. [l Syste bove the contact |evel 220, for instance
caused bvlign éleirll,?gi:ih sht w;thm any ol the contact openings 223 A, 223B that corresponds 1o a

15 desired height of the contact elements 223.

Figure 2b schematically illustrates the semiconductor device 200 when performing

a planarization process 203 in order to provide a planar surface topography for the contact

level 220. In some illustrative embodiments, the planarization process 203 may be

20 performed on the basis of a CMP process, in which mainly material of the contact level
220, i.e., the excess or sacrificial material portion 222F, may be removed. To this end, a

plurality of well-established CMP recipes are available, whetein the material removal may

be accomplished without unduly affecting the contact elements 223, since these elements

are efficiently embedded in the contact level 220. For example, well-established CMP

25 techniques for removing silicon dioxide material may be applied, when providing the



10 degree of overfilling, as indicated above, wherein, additionally, a
sacrificial material 226 nay be provided in the formof a continuous
conductive material layer. For this purpose, after form ng the contact

el ements 223 on the basis of a selective deposition process, the continuous

conduct i vy ayero 2201 DB REHRIOMA %@q’mlﬁ&'}l dj C@%ﬁ@ﬂ?&?@l Ry @%Héeﬁhcq 1y Qrine

appropriate deposition technique, such bn aﬁﬂ he
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current distribution |ayer for a renmoval process performed on the basis of
an el ect PéEhaRisedr ivetisting sapodiments, the plmjagunéo groseheftriccatihgd bi lihest r at es
a el ectrochem cal etch system 260, which may be configured to receive the
subist r at €a20af 4 EMIT pecess myydrefcontimad selag ol reoahveni athinpoahard 28 in@Ryipr 0Cess
on the contact |evel 220 conprising the conductive sacrificial |ayer 226 as

shown i n2B2,gehiediefiedTheIBNS R 0HRERD R EUPIr %@u@nwpﬁ&{&s §M§:t1<§}f”1<§)@?oit hat is
25configured to receive the substrate 201, wherein, in th eﬁ%odlnent
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prOV|ded within a reactor or vessel rthéernore, the's

conprlse 0 enbl 64, which sent vabl e el ectrode
assenbl y° ‘%lﬁﬁ%%”H %0 ﬁﬁﬂ”%ajgﬁéE@y#ﬁgcgﬂ%@Figﬁ ?G%““?H%?%%V%PGPning a
novabl e qp betmqen the surface to be treated, i.e., the contact level 5
220, andPe R R| %o csaendEaS abril 263 mobrfsotaken intheccasideration dy
assenbly 264 may be appropriate configured so as to provide one or nore

j éfs of appewpriélandivsling He inig hcrdi oathednbys @6, cohtirct lenslit220c ét dhouldpreovi di ng
an electrolyte solution or any other appropriate process fluid required for
i nitiatisgremated ebitr eisheduringl thratiggli phase epbVIR) pliAELKHN ﬁ@EmSXQMPH%y the
electrolyte 265 may contain a mxture of an inert solvent and a 10

conduct i fignigight sBer For0Q i RK bl @dt@QtEﬁQ;thactFél'&Ba% oy Be RONELY, SAKL R 263
may be provided so as to enable the appl |cat|on 0 tage and thus current

pul ses bgiyeen;. PﬁL ﬁaﬁig gﬁ a node ? he. novabl e
el ectrode assen& yg;% | ﬁ&%gypg th@%MLS aﬂ@ﬂhg&ﬁﬁ@ﬂ ? Fu
initiating,an a BPY prlate vol tage or a sequence of vol t age pulses
current %ﬁ% {HﬁyLﬁ® est abl i shed between the surface to be treated, i.e.,
the contact |evel 220 conprising the conductive |ayer 226 and the excess
erial of the contact elenments 223 (Figure 21) and the novabl e el ectrode
assenbly 264 via the process fluid 265. Based on the correspondi ng scan
speed, the seljuence ethenwiitadbe ilhulrses thd hemompasiit denccop0d hectiiagtivol yt e
sol ution or generally the process fluid 265, an efficient material renoval
of the |fayker 2R6rand dofiRdaneessn M@ idhddfiohdl @aGINEACha®li AMENL $2223 MY
provided above the contact level 220 prior to performing the planarization process 203.
For this purpose, the saciificial material 224 may be provided in the form of a
20 planarization material, i.e., a material that may be applied on the basis of spin-on
techniques and the like, thereby providing a superior planar surface topography, for
instance by completely filling the contact openings 223A, 223B. To this end, a plurality
of polymer materials are available, which may be applied in a low viscous state and which

may then be hardened, thereby providing a substantially planar surface topography. In

25 some illustrative embodiments, the planarization process 203 may be performed on the
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20 be initiated, wherein preferably a material renoval nmay be obtained for
portions having an increased thickness of netal formed above the contact

| evel 220. Consequently, during the el ectrocheni cal etch process, the
overal | surface topography nmay be increasingly planarized, for instance by
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di fferent process conditions, such as p se sequences, “scan spee and
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pul ses, scan speed along the direction 266 and the like. S Figure 2i
schenat i E&l £¥a0nle. b maplesl 234 mabsevae simiba dieh helfavior verthadvenmeéd@28Eage of
the el ectrochem cal etch process 267, wherein the novabl e el ectrode
aséenblyﬂﬁﬁwym@yibegpmsumumnedsaﬂa@ppmogmm@teuy dthe cend, ahe qfladahigasmbst r at e
201. Consequently, by scanning across the substrate 201 one or several

times, apycesQessndvabaipriab a pblidhe; FBEACH3B) iBNRAIShe hitd %3 280ghd Afally
sacrificial conductive material l'ayer 226 (Figure 20 may be renpved,

t her eby ﬂ}%sd-iatEﬁe{!QZZ'Zﬁ Bay® WOSHRAN B! I RERANDLiIS rofvf?i%r L qu[l’ f’NP iy bF tlShOU| d
dif y

be appreciated that appropriate process para ers ha

establis X i nent s . . el ect.rocheni cal etch
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observin re behavi or and the anari zation effect of the various
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sem conductor device 200 with a planar surface topography, as indicated by
220S. Cowslefeepnipgt clestane 323 tihioshe dbwstrat teecrslontiments,ghe plendrszad @B prayssbe
provided with a desired planar configuration wthout exerting any 20undue
mechani cZi3 siby &8 petiorndieorc drttasts «l lemetiesprddds 203A and 2038, for instance by

|n t he

first etching the materials 224, 222E and subsequently applying the polishing process
203B, during which a difference in height level of the contact elements 223 may be
reduced, as is for instance previously described with reference to Figure 2b.
15
Figure 2d schematically iilustrates the semiconductor device 200 according to
further illustrative embodiments.  As shown, the contact level 220 may comprise the
contact elements 223 having a substantially “mushroom” like configuration, which may be
caused by a certain degree of overfilling of the contact openings 223A, 2238 during the
20 selective deposition process, as is for instance also described with reference to the
semiconductor device 100. Moreover, a sacrificial material 225, such as a planarization
matertal, may be formed above the contact level 220, such that the contact elements 223
arc embedded, ie., are laterally embedded in the dielectric material 222 of the contact
level 220 and in the sacrificial material 225. To this end, after forming the contact

25 elements 223 with a desired degree of overfilling, the material 225 may be deposited, for
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Figure 2k schematically illustrates the sem conductor device 200 according
to further illustrative enbodi nents, in which a further sacrificial

mat erial 227 nmay be formed above the conductive naterial |ayer 226. The
further sacrificial material 227 may be 25provided in the formof a
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after application, so as to cover the nmateria I Son mﬁ'pﬁr lonz of
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descri be bove.. That.is, the el ectrochem cal etch process may be initiated
on the ba$848f: ”éﬁ&}l“élﬁ}ﬁlﬁ‘ab}‘vitg@é’l%%%@g Pregesss puetsar Rolishing peicpssani fiq i al
material rempval of the | ayer 226 may be suppressed due to the presence of
the addi tikenalasaher it eindieuntipe s ahoppn igorseguefitither planazation pespendi ng
phase of the el ectrochem cal etch process, exposed portions of the material
| ayer 2261a31hd appigdesecs $6 prmtderad ahnapfurtiee (qoatapat fel taerentisct 2231 TRy be
preferably renoved, thereby further enhancing the planarizing effect of the

el ectrochenical etch process. The wet 10 chemical etch process nay have a
substantially self-limting behavior in that the conductive material around

the contact et*’%ﬁ?er‘jesscgaﬁﬁtﬁﬁy BRSSP YR L e AR 0BT udiSr (%’!éfgi%liPﬁ Ak ﬁﬁerr:li'm%&iftf?gel ayer

continuous |layer 226 aro he cont act el enent’s ereafter,

227 may [ epove for .i nstanc y chep cal. etch techniques, _

pl asma- e@ﬁaas%?ﬁleeﬁéﬁa‘ﬁfﬂ%‘ég?égﬁs%r i‘”md‘ﬂ%% RETOEE\A t(?’Gf aIRQ r‘Bhﬁ%h_nl nlg
ortions of t | ayer 226, which may 15 be acconplished by wet chem ca
gtch proE‘@ﬁ"sségﬁr’éN@’ Qfd@ thlishing grocess Ht3ker Femseynplenwhow eppliivsi thaletdst ch
process nmay be interrupted so as to renove the material 227, after a
céPtain pegrsec03f, ph apropuait ictoh theige beerbeariplieketch and Hdvereatitied ctche wet
chem cal etch process nmay be continued in order to renove the renaining

nat eri al pid2Gs.andvanshenrictd sitelegrRxacss wigtienhamaadid Moscant agt cpbgapat s 223,
however, on the basis of |ess 20sophisticated process conditions with

respect f@tedahdi Bhtodlad LR @:ﬂ%ezzl@@lltla’ye[%efah)%r; NBlr fﬁ%g)g%f‘gtet. f@on%&g{eg@g

I
el ements 223. As a result, the present | osure pro
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sel ective de osition techniques, such as
material of the contact elements 223 may be concurrently removed, wherein the
iS5 corresponding etch process may be controlled on the basis of the material 222, which may
act as an efficient etch stop material. In other illustrative embodiments, the polishing
process 203B may be performed on the basis of a process recipe, in which substantially
the same removal réte may be obtained for the material 225 and the contact elements 223.
For example, the characteristics of the sacrificial material 225 may be efficiently adjusted,
20 for instance in terms of hardness and the like, by performing appropriate treatments when
providing a polymer material and/or by selecting an appropriate basic material
composition when using any other material. For example, the conductive material of the
contact elements 223, which may be provided in the form of a homogeneous metal, may
have a reduced thickness and thus a polymer material may be appropriate for obtaining a

25 similar removal rate on the basis of a polishing recipe, in which substantially the physical
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25el ectrol ess plating, wherein the subsequent planarization of the contact

| evel nmay be acconpl i shed w thout inducing undue nmechanical stress in the
contact elenment. To this end, in sonme illustrative enbodi nents, an
appropri ate enbeddi ng of the contact netal of the contact elenents nay be
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correspondi ng contact opénings an providing a sacrificia

whi ch may.. .5 Ppheser integrity of sthe contact el ts pon performng a
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pol i shing .process or caonbi nati.on thereof. In still further illustrative
enbodi meft8reS HE r’l%g’ﬁl ther caify 1kxibes somgnlipad) ststeayh @redmshc exelbwdnt s may
be acconplished on the basis of electrochenical etch processes, wherein a
sacrifi ::T aithemee ar joder | Rysiiatinmymbedinwats, asombutivent adiestlr ploutss emd|zayer .
Consequently, the 10 further processing may then be continued on the basis
of 5a pl apelishswg fraces hapogrppied. of the contact |evel and thus the very first
netal lization layer of a nmetallization systemnay then be forned so as to
appropriately connect to the contact elenments in the contact |evel, which
may have a superior conductivity due to the selective deposition technique

used for fornppg.dhe é@??etn?zlticm LRGHGRIL AL LBl RTBILS: dévrf%%ocl) acddl ingra ticular

. 1 i 0
enbodi ments di scl osed above dre illustrative only, as nventioen nmay be

nmodi fi ed:and. ti.ced in.different.but equival ent manpers apparent to
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exanpl e, the process steps set forth above may be perforned in a different
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construction or design herein shown, other than as described in the clains
bdPow. |gegres ehevesfilbng avindiened ahate, verqparaditiohalty, epodiiciEnhstedilstdsos ed
above may be altered or nodified and all such variations are considered

wi thin tiney beppevidwdnsid fort offa ddneniqisahil @tive Actatdizel. Yiortthia JRfRikgct i on
sought herein is as set forth in the clainms below CLAI M5

after forming the contact elements 223 on the basis of a selective deposition process, the
continuous conductive layer 226 may be provided, for instance by applying any
appropriate deposition technique, such as CVD, sputter deposition and the like so that
15 contact elements 223 are “embedded” by means of the dielectric material 222 and the
conductive material layer 226. The conductive material layer 226 may be comprised of
any appropriate conductive material, such as a metal layer and the like, which may act as a
current distribution layer for a removal process performed on the basis of an

electrochemical mechanism.

20
Figure 2g schematically illustrates a electrochemical etch system 260, which may
be configured to receive the substrate 201 in order to perform an elecirochemical
planarization process on the contact level 220 comprising the conductive sacrificial layer
226 as shown in Figure 2f. The system 260 may comprise a support system 262 that is
25 configured to receive the substrate 201, wherein, in the embodiment shown, the surface to
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VWHAT | S CLAI MED: 1. Anethod of formng a contact elenent in a

sem conductor device, the Snethod conprising: formng a metal in a contact
opening formed in a dielectric material of a contact level by performng a
sel ective deposition process, said contact opening connecting to a contact

area of 8caicaet] e eliRn@itact asedoat mlaﬁ%@ torPaldd dhidhih b r?c,a;&to?e(m \?0951? ugg or
| ayer of said sem conduct or devi ce; 10f ormng a contact el enent ron1sa|d

metal , s@|gh&RIBtACHe esjygtnﬁngtﬂ@qh clngl E(,a!:»ug . &7Radde gcmbe}ne 23):/ géfﬂ‘tng A

planarlzatlon process on the basis Tat'eral _
el enent s nar surface t opogr aphy of said

ubst tiall
cont act Km?“‘ﬁgova %C%O{Tﬁénﬁ@?hg wﬁﬁgglé1ﬁﬂimxhﬁ%@%ﬁ dhiy! saidl
cont act Ienent conprises filling said contact opening to a hei ght | eve
that is MEEOYLREAING hwpyile noéwxépt“@fcn dhesehrfage ¢o be tesaicd. o eflectoniagt femtler i al

of said contact |evel.
5 220, and the moving electrode assembly 264. Moreover, the electrode assembly 264 may

be appropriate configured so as to provide one or more jets of appropriate fluids, as
indicated by 265, for instance for providing an electrolyte solution or any other
appropriate process fluid required for initiating an electrochemical material removal
process. For example, the electrolyte 265 may contain a mixture of an inert solvent and a

10 conducting salt of a non-oxidizing acid. Furthermore, a power source 263 may be
provided so as to enable the application of voltage and thus current pulses between the
surface 220, which may act as an anode, and the movable electrode assembly 264, which
may act as a cathode. Consequently, upon initiating an appropriate voltage or a sequence
of voltage pulses, a current flow may be established between the surface to be freated, i.e.,

15 the contact level 220 comprising the conductive layer 226 and the excess material of the
contact elements 223 (Figure 2f) and the movable electrode assembly 264 via the process
fluid 265. Based on the corresponding scan speed, the sequence of voltage pulses, the
composition of the electrolyte solution or generally the process fluid 265, an efficient
material removal of the layer 226 and the excess material of the contact elements 223 may

20 be initiated, wherein preferably a material removal may be obtained for portions having an
increased thickness of metal formed above the contact level 220. Consequently, during
the electrochemical etch process, the overall surface topography may be increasingly
planarized, for instance by scanning across the substrate 201 several times, for instance by
using different process conditions, such as pulsc sequences, scan speeds and the like.

25
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203. The nethod of claim 2, wherein perform ng said planarization process
conprises performng a chem cal mechanical polishing process so as to
renmove a portion of said dielectric material. 4.The nethod of claim 2,
further conprising formng a sacrificial fill material above said
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pl anarization process. 55.The method of claim4 erein performng said
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and a polishing pro

form ng said,contact el.e s.overfilling said contact opening and
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cont act elenent 7. The nethod of claim6, wherein said sacrificia
mat eri al Siage gpdlipgeacy af @tﬂétsmﬁlwwd@lqﬂgahfaﬁwapn 8t wut e lisk. and wherein

perform ng said planarization process conprises performng at |east one of
andetch process and a polishing process in the

Figure 2i schematically illustrates the substrate 201 in a further advanced stage of
the electrochemical etch process 267, wherein the movable electrode assembly 264 may be
positioned at approximately the center of the substrate 201, Consequently, by scanning
across the substrate 201 one or several times, any excess material of the contact elements

10 223 and the sacrificial conductive material layer 226 (Figure 2f) may be removed, thereby
resulting in a substantially planar surface topography. It should be appreciated that
appropriate process parameters may be readily established on the basis of experiments by
performing electrochemical etch processes on the basis of different process parameter
settings and observing the removal behavior and the planarization effect of the various

15 parameter settings.

Figure 2j schematically illustrates the semiconductor device 200 with a planar
surface topography, as indicated by 220S. Consequently, also in this case, the contact
clements 223 may be provided with a desired planar configuration without exerting any

20 undue mechanical stress to the contact ¢lements 223,

Figure 2k schematically illustrates the semiconductor device 200 according to
further illustrative embodiments, in which a further sacrificial material 227 may be formed
above the conductive material layer 226. The further sacrificial material 227 may be

25 provided in the form of a planarization material, such as a polymer material, and may be



15presence of said planarization material. 8. The nethod of claim§6,
wherein formng said sacrificial material conprises providing a continuous
conductive material |ayer and wherein performng said planarization process
conprises perfornmng an el ectrochem cal etch process by using said

20cont i NeRK&] BARIMT: IyBlIRLET §dhs 1 AYREr 8% RaGHAN £ atdét§f‘aE+ BYLR0 of
9. The nethod of claim8, wherein forn1ng sald sacrificial materia further
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electrochemical etch process may be initiated on the basis of any appropriate process
5 parameters, wherein a initial material removal of the layer 226 may be suppressed due to
the presence of the additional sacrificial material 227. Consequently, in a corresponding
phase of the electrochemical etch process, exposed portions of the material layer 226 and
the excess material of the contact elements 223 may be preferably removed, thereby
further enhancing the planarizing effect of the electrochemical etch process. The wet
10 chemical etch process may have a substantially self-limiting behavior in that the
conductive material around the contact elements 223 may be removed so as to finally
interrupt the continuous layer 226 around the contact elements 223. Thereafter, the layer
227 may be removed, for instance by wet chemical etch techniques, plasma-enhanced etch
processes, followed by the removal of the remaining portions of the layer 226, which may
15 be accomplished by wet chemical etch processes, CMP and the like. In other cases, the
wel chemical etch process may be interrupted so as to remove the material 227, after a
certain degree of planarization has been achieved, and thereafter the wet chemical etch
process may be continued in order to remove the remaining material 226 and any
undesired excess material of the contact elements 223, however, on the basis of less
20 sophisticated process conditions with respect to a height difference between the layer 226

and the contact elements 223,

As a result, the present disclosure provides process strategies in which contact
clements may be formed on the basis of selective deposition techniques, such as

25 clectroless plating, wherein the subsequent planarization of the contact level may be



form ng a contact opening in a dielectric material of a contact level of a
sem conductor device; formng a conductive material selectively within said
contact opening without overfilling said contact opening; and 10renoving a
portion of said dielectric nmaterial so as to provide a planar surface
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conductive material is selectively forned in said contact openlng
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directly on a contact area formed in a sen1conductor regi on.
the corresponding contact openings and/or by providing a sacrificial matm ial, which may
5 preserve integrity of the contact clements on performing a planarization process, for
instance in the form of an etch process, a polishing process or a combination thereof, In
still further itlustrative embodiments, the removal of any excess material of the contact
clements may be accomplished on the basis of elecirochemical etch processes, wherein a
sacrificial conductive layer may be used as a current distribution layer. Consequently, the
10 further processing may then be continued on the basis of a planar surface topography of
the contact level and thus the very first metallization layer of a metallization system may
then be formed so as to appropriately connect to the contact elements in the contact level,
which may have a superior conductivity due to the selective deposition technique used for

forming the metal of the contact elements.

15
The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. For example, the process steps
set forth above may be performed in a different order. Furthermore, no limitations are
20 intended to the details of construction or design herein shown, other than as described in

the claims below. It is therefore evident that the particular embodiments disclosed above
may be altered or modified and all such variations are considered within the scope and
spirit of the invention. Accordingly, the protection sought herein is as set forth in the

claims below.
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15. The nethod of claim 11, further conprising formng a sacrificial
planarization nmaterial above said conductive material prior to removing a
portion of said dielectric material. 516. The method of claim15, wherein
removing a portion of said dielectric material conprises performng at

| east one of an etch process and a polishing process in the presence of

said sacrificial planarization materd;al,d7. A method, conprising: 10form ng
a contact opening in a dielectric Eﬁﬂuﬂ of a contact level of a

sem cond r ﬂfﬁ' id contact opening extending to a contact area of a
circuit gf@%gﬁ X L@ﬁP@ﬁﬁing a selective deposition process so as to fil
sai d contact opening with a conductive material; 15formng a sacrificial
material | ayer above said dielectric nmaterial and said conductive nmaterial;

and
1. A method of forming a contact element in a semiconductor device, the

5 method comprising:
forming a metal in a contact opening formed in a dielectric material of a contact
level by performing a selective deposition process, said contact opening
connecting to a contact area of a circuit element formed at least partially in
a semiconductor layer of said semiconductor device,
10 forming a contact element from said metal, said contact element being laterally
embedded; and
performing a planarization process on the basis of said laterally embedded contact
clement so0 as to provide a substantially planar surface topography of said

contact level.

15
2. The method of claim 1, wherein forming said contact element comprises
filling said contact opening to a height level that is less than a height level of a surface of
said diclectric material of said contact level.
20 3. The method of claim 2, wherein performing said planarization process

comprises performing a chemical mechanical polishing process so as to remove a portion

of said dielectric material.
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pl anari zing a surface topography of said contact |evel by perform ng an
etch process that is initiated in the presence of said sacrificial nmaterial
| ayer. 2018. The nmethod of claim 17, wherein form ng said sacrificial
material |ayer conprises formng a continuous conductive | ayer above said
dielectric material and said conductive material . 19. The met hod

of claim18, whereirp, E H}%Ti{o(aro'pci%gnaz?ﬁﬁ{l%g &ﬁ.ﬁ?&%ﬁ;bfoﬁﬁgﬂ&s%g§118§1rf§lgﬁ1mv\}}gl an

el ectrochenical etc process Tarm erein
form ng id.sa co s,fprnlq La.
ot ol - 2ontSRniig bl ol Sl eraRbcivd SN wif Bl Wi frng wid
planarlzaflon naterlal above sai d netal -containing | ayer.

P anarization process.

5 5. The method of claim 4, wherein performing said planarization process

comprises performing at least one of an etch process and a polishing process.

6. The method of claim 1, wherein forming said contact element comprises
overfilling said contact opening and forming a sacrificial material at least laterally

10 adjacent to said contact element.

7. The method of claim 6, wherein said sacrificial material is provided in the
form of a planarization material and wherein performing said planarization process
comprises performing at least one of an etch process and a polishing process in the

15 presence of said planarization material.

8. The method of claim 6, wherein forming said sacrificial material comprises
providing a continuous conductive material layer and wherein performing said
planarization process comprises performing an electrochemical etch process by using said

20 continuous conductive material layer as a current distribution layer.

9. The method of claim 8, wherein forming said sacrificial material further

comprises forming a planarization layer.
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10. The method of claim 1, wherein performing said selective deposition
process comprises performing an electroless plating process and using said contact arca as

a catalyst material,

5 I1. A method, comprising:
forming a contact opening in a dielectric material of a contact level of a
semiconductor device;
forming a conductive material selectively within said contact opening without
overfilling said contact opening; and
10 removing a portion of said dielectric material so as to provide a planar surface

topography of said contact level.

12. The method of claim 11, wherein said conductive material is selectively

formed in said contact opening by performing an electroless plating process.

15
13. The method of claim 11, wherein removing a portion of said dielectric
material comprises performing a polishing process.
14 The method of claim 13, wherein performing said electroless plating
20 process comprises depositing a metal directly on a contact area formed in a semiconductor

region.
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15, The method of claim 11, further comprising forming a sacrificial
planarization material above said conductive material prior to removing a portion of said

dielectric material.

5 16. The method of c¢laim 15, wherein removing a portion of said dielectric
material comprises performing at least one of an etch process and a polishing process in

the presence of said sacrificial planarization material.

17. A method, comprising:

10 forming a contact opening in a dielectric material of a contact level of a
semiconductor device, said contact opening extending to a contact area of a
circuit element;

performing a selective deposition process so as to fill said contact opening with a
conductive material;

15 forming a sacrificial material layer above said diclectric material and said
conductive material; and

planarizing a surface topography of said contact level by performing an etch

process that is initiated in the presence of said sacrificial material layer.

20 18.  The method of claim 17, wherein forming said sacrificial material layer

comprises forming a continuous conductive layer above said dielectric material and said

conductive material.
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19, The method of claim 18, wherein performing an etch process comprises

performing an electrochemical etch process.

20. The method of claim 19, wherein forming a said sacrificial material layer
comprises forming a metal-containing layer above said dielectric material and forming a

planarization material above said metal-containing layer.



