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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 semiconductor 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 great
efforts in redesigning process techniques and developing new process strategies and tools

so 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 tcclunques and
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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.




25and source regions of transistors, and to a respective netal line in the
netallization | ayer. The contact structure may conprise contact el enents
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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 dimensions of the circuit elements, for instance using
critical dimensions of 50 nm and less, the contact elements 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 dielectric material to the




correspondi ng contact areas of the circuit elenments. 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 structures or any
other conductive |lines formed above the sem conductor |ayer, while other
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and 25fi LHI ing.these openings with barrier materials and tungsten results in
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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 interlayer
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




10 technologies is the requirenent for barrier materials, possibly in
conbination with a nucleation |ayer, which may have an increased
resistivity conpared to the subsequent tungsten fill material. Since a
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nat er i A0 ngye fusiler fadvetéansef, the bz of Her tedngisore mapraphirih ihn iedréaged omtadtbut i ng
to an increased contact resistance. For these reasons, it has been
sugges regstivity,séicht iney nweloagdraiescmipAOROGithi 1B dE@SE FRSirbMeNBi Chhdk he
presence of a barrier material of reduced conductivity can be avoi ded. For
exanpl @poi tulBE B8EE BEMRESAIL 1RrddSEl \é\&{taaﬁﬁé‘ﬂsw %ﬁ&? Lt O b gl aues,

[ the foPin of an el ecttof

such as the el ectrochem cal deposition in | eCtroless

[atin : i L o fill in an appropriate .90.nmetal naterial,
F her eb%mg{)e? g?ﬁ% nfgﬂgggrggésﬁ ?ocronhct CHBRV TEY RSP He? htnb‘“ﬁ%cfg‘i)tof 1 Gfeation
of any voids or ofher, K deposition-related irregularitjes, which may
fr equeﬁPi’rﬁg‘B% SB%%‘; P\?/ dhe ilﬁteéléﬁ’FFﬁll excutypipaelyy at 3%%% paiialy i offsgitingnmang onpl ex
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openi n@g‘{a“%l%%awﬁi“éﬁ b thafyethen rdension 96 tiermgiicatedimbasiensvie the dividdewsht dept hs.
Al t hough the el ectrol ess deposition technique my be very 25advant ageous
with respect to the gap-fining capability and the selection of an
appropriate contact material, thereby providing the possibility of
avoi di ng anpnbafrtherreaBhe foradhs, infdiok WoABCOMListiRR} id MfoSEh 85V eri al
growt h generates in a non-continuous |ayer of excess I%Et al, which1n turn
gay re ! g S i cit,..f:ai i.l 1. be described. with
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sche i vyl lushrates Cross. .sectional. .vi ew of sem conduct or device
100 ggﬁ n%cﬁ%ﬁoﬁglh%ér’su bl rg]tagq%i agnlgcﬁa?grﬁeélﬁﬂﬂ%PQprarrea‘;é‘l‘ thegsubsggient
sem cotndu%t or...| ayer. 110 may conprise any appropriate sem conductor

mat er i APEStER, O mydedal  Fpee 2 dneknesh e rharicirmatedels ped fhekauicleation sayeequi r ed
for formng therein_and thereabove circuit 10 elenments 150, for instance
in t heMEHARL bt arpitpgsdy sedyeed withpwlicoriandizing teeelifet of thiromaterinl Kisgut,ehd a, ar e
illustrated as planar field effect transistors. It should be appreciated

that tdeowndvstlesatoond@divamatelias seativeondhe ttongsteayiBited 4 napihu GREBSENT a
silicon- or sem conductoron-insulator (SOT) configuration, when a buried

15 nsul ahéey ratepiopbrt{onally SHRMBLiAS & AVindedsRelNBRD ik m gan or |ayer
102 and the substrate 10y1. I n ot hgzr gasles, Sthe 15 éesﬁ%r%ﬁdu% orlérgr%t eri al
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material of the substrate 101, e orm ng-a . .
e conduatele | ayoh: MBI LA Lol FRTL BNSUEL S el ons o
delineated by isolation stnetures (not shown) or which may represent
conti 8%?1'%Féé?ci6%d‘§%t"%ﬁt Gﬁi@&i%hé?P%BW@n@thngs such as the clectrochemical
deposition in the form of an electroless plating process in order to fill 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




20 device requirenents. The active regions 102A, 102B, 102C are to be
under st ood as sem conductor regions in which appropriate dopant profiles
are established as required for the various circuit elenments, such as the
transi stors 150. gfor exanpl e, drain and source regions 151 nay be provided
with arfPaRst gFs eth%PYuRfaYld@ﬂth aoavibilitdebavidivg oyl ariier meicvaldarice wit h
the required electronic characteristics of the transistors 150.
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conductivity, for instance provided in the formof a netal suicide, such
as ni clkedtals whithdie, turmdiagatadt bysidihfcansRbafacin@liu@t, de@sk bPasskiibdd Wifgct as a
contact area for connecting to contact elenents to be fornmed in a |later
manuf aq-eféfdn@gt(sfsigg@s 1FUCtelor®i&aijt he circuit elements 150, for instance in
the formof field effect transistors, may al so conprise certain conponents
formed above the 5 sem conductor |ayer 102, for instance in the formof a
gate el ectrode structure 152, which may control the current flow in the
transi stors a n ropriate control | tage. The gate
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the fo PeTEBSIRE B RibsEratediOl janda semipandydieidayeilgh- Khdsaniconductor
materials, which are to be understood as 10 dielectric materials having a
di el ectayiet HBn snaan compridd . a0y ameproprghe rsemavetidtdier Irhdeerial Muetoer siliegpr opri at e
el ectrode material or materials may be provided, for instance in the form

of dopeilicergteendustand thalies, la§|1§1eqﬂﬁ‘é(ﬂfcrci@ﬂﬁﬁgﬁhélﬁmnﬁfdeché@ﬁ&xve%‘ﬁ%ﬁ'lt as a
metal suicide, electrode netals and the |ike. 15l\/breover inth
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in an intermedi ate manufacturing stage ont ac eve
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for med |bn a dlil ég t he S(Ngucon ct | ayer 102, while at the sane tine
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system (not shovxé&lthat is to be fornmed above the contact |evel 120 and
whi ch ﬁ‘é&nsé‘ (S0 neardiguratigny mdsn pi odvitigd dinswatng | matetialt grobfshorwhplis i zat i on
layers in order to formthe conplex interconnect structure as required by
the ci pewidedibafunen thé serhieontbiciardaybd 002 The timosbaicdte I6V.elin 320r caBRIthses one
or nore appropriate dielectric materials, such as a dielectric layer 121,

Ifor i nsinsibeeluctort hatdial ofth@ Bidd 90D Mal' ddeciBO®hEEdalo 2 crystalline
ni trogen-enriched silicon carbide material and ‘the |like, in conbination
W th asemiconductor material of the substrate 101, thereby forming a bulk configuration. The
semiconductor layer 102 comprises a plurality of semiconductor regions or active regions
102A, 1208, 102C, which may be individually laterally delineated by isolation structures
(not shown) or which may represent continuous semiconductor regions, depending on
20 device requirements. 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. F urthermore,

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




silicon dioxide |ayer 122, as these materials represent well-established
dielectric materials for the contact |evel of the sem conductor device 100.
Mor eover, the contact level 120 is illustrated in the manufacturing stage
in which g‘.ﬁn# act 38.eni %s 12?A, 1238 are provided so as to extend to the
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silici %g | §% C@Q%%ﬁ?‘&t‘r‘é’ggg‘)é%rp -1,%5, dﬂetﬁgg"m%&éga‘ﬁteﬁ?l&cé ) &% Pately, net al
sui ci de .r.%gé(ﬁns‘ogay al so%CEe formed in the gate electrode structures 152, if
r equi r BUCIIReSiecirodp gl pactiheilikermt erial s 121, 122 may be formed, for

i nstance, by plasma enhanced CVD techni ques, sub-atnospheric CVD, high
density plasma CVD and the like. If required, a planarization of the
material 122 may be perfornmed, for instance by rsing well established CW
16 echni ques, Maneanki,dh the hlanefitabing Shed spoRe 68 Fidee | REs comycthevaanphijgd for
removing a portion of the material 122, for instance a silicon dioxide

mat er i glovidefieineby akt@bMbRInAnSMESHARt ddld Y leaBMiad Ulrc(/gc?Z(ﬁ QF_chr gphy of
the contact |evel 120. Next, a lithography process may be applied, for

I nst anggleflodd8s BaghSc0fevha K rial 8oL franequi red, i.n order to
provi de gn etchS maslz] el%v n{)){jtﬂspt?o@l\)\ﬁ/?‘l1 |{(§)ﬁ glfclénleorg ‘gﬁleCBI%P‘éIFlSSI ?Oﬁo%l}ti on and
size of the.conta ni ngs..123A,, 123B. Xt , conpl ex etch sequence nmay
be app%plp y(’}glsage %Es)ﬁﬁ én gﬁ%ﬁa%S AUEE R HIFCTERE S %‘?qnitsc?ﬁpag’g‘?@&%a@z%ovi%i? t her eby
finally exposing a portion of the netal suicide regions 154, which may thus
act ass%ggﬁ({)nélggtogrlggg {02, while at the same time cleotricallygcmmecﬁng the circuit Y

20 elements 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




15As previously discussed, the lateral dinensions of the contact openings
123A, 123B, at least in one dinension, i.e., in the horizontal direction
of Figure | a, may have to be adapted to the reduced | ateral dinensions of
t he ci rcluit cfl egepts 50, which may represent transistors fornmed on the
basi s of'¢Hi ¢ P‘hé%’siaéHﬁ?%?@@“ﬁ}ﬁfﬁf?fésqné%ﬂ-eisfﬁbhﬁ@d digletanmeteritlse | engt h
of the gate electrode structures 152 is considered. Thus, the contact 20
openi ng8r thegantagblyal of| the s¢migendustopdevtior hed brédver,ihs tantad lsiehi 1081
critical dinmensions, which may increasingly result in reduced device

per f or ringwickinskdmbyufaciuiing s@as aowhioh tagthetropshinks Y214, MBS led

wel | -established process strategi es based on tungsten and CVD deposition

t echni gues,to agtehd @b Gat KehiahRNEtor Q%Bﬁ@%‘@.@.t, | anP @¥LIABL £EsAbAn@NGdgposi tion
strategies for the contact |evel 120 have been proposed in order to avoid
the 25dgpwsd thi f: ! i ials.: materjals, as is
typically gdstglg?i&gésg&\i% E@ér&g%a@g%ﬁ%@é nm%g%g%? Ti g P a&i ?Raeélings

Ther ef , i.ve de ition techniques have heen .devel oped i n which

appr opgfl(gtt %1%@5 éﬁra aﬁxgelﬁgé’ ‘%’8 s gg‘?ﬂ?@fs f"ﬂé‘@solr?%‘z H@“l@om AEer GAseasny 54,

w t hout requiring additional barrier and seed materials on the sidewalls of
the conPdt O sicayats;odending topdifierspt gatapeyiels wihiacthe straisendsictiridagice s an

el ectrochem cal 5 deposition technique in which an appropriate el ectrolyte
sol ut i 3RO maydedginsidorionti ehaftamppevidies the coethucopeyirmgdA8Aj 3Bonbi nati on with
a salt including the desired netal conponent in addition wth other

chem cal agents. Consequently, the deposition of the netal nmay be achieved
on an appropriate surface, such as the contact area 154, which thus acts as

1@ catal yst makgemrlondddisy &WceaVs & MRsidit& %Plégf@g%gx?hﬂengq?m%togrtﬂgl

el ectrical power 10 and also the application seed naterial s.

Conseq i t Lfon ess, the a terjpal i

ncr cagi gy e Sl ihe AGqrERATENLS TR BERTeatol 7R 1R SO0 T Be

aut oca Ia})lvy&eidc rea tion, wherein, .drﬁr.i ng the further advance of the process,
t he apér ST al T SYTER FPREMNRC, ISNATGR SStRUGHIesh EnQie phasii s manebe ont act
metal on the previously deposited contact netal. Consequently, a superior
gr owt ha‘EfQHEE’F B e Jephpsiicaisehlithoerapby neajteang cloonyitios hetplomartzagorbasi s of
the el ectrol ess deposition process, thereby avoiding any irregularities,
such atschjnees iamedes éaiberm whiokhs metfe strusondstirtiayan 190penk oF extend @v ty of
the contact netal. Due to the lack of any additional barrier and seed

16rat er i @l & desired dppthiand refiilidpchd wbddieotvith Aa pppaste @LBARRLSEBY PRoODt ai ned,
even if the specific resistivity of the contact netal may be sonmewhat

e cormgscrobi 491l L ROES ABuRAE IR O AL,
of superr FERRRATRYT BB MRCT RS W e Pt bR € e TS
resi St(i:h\é%"atgcrl%ggg) 5 ﬁl% éi?wﬁt”é]&%ér‘?t? '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.
Thereafter, 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



Figure | b schematically illustrates die sem conductor device 100 in a
further advanced nmanufacturing stage. As illustrated, contact elenents 123
are formed in the contact openings 123A, 123B on the basis of an

el ectrol es | | atin Frocess wherein the sel ective growth behavior and the
requi r eNSHL POFCSSropicay ngel sibicidsitaeigaymas abio ks forgedin thei gate tlevirate
conpensating for process and device on-uniformties, such as contact

openi ngrusturesi ek rmquitedt Nexdi the elidertrignontrialy &2 lesi 20 ansete Byrmeidf far ent

| ocal growth conditions, which may be correlated with a different density
of contiaganwpéni plysma amdtatded CVIKER tedlBijubE SitibtatinBsheriEUSIHORh Like:
configuration of the contact elenents 123. In other words, the conductive
cont actplaseiaa lC UTRyane Xthe Nekeab oy di {hS ' {21 9 cont act

| evel {EO, and may | aterally g?&%ﬁ% gﬁ%ﬁ%&%hﬁgf?fg%Jg%“?ﬁgqggﬁ?éggmlevel,
howev erye i Uy, T o 1 g i e cross.the .entire surface
of the pgofg{[gé(}? lfoévlgigtg}idzéo&%8&%%&?@%&%&?@%4@%@%1 &h V@?m h"éelgxcess
mat er i al..,Qf contact elenents 12 however, may significantly influence
the fur%lf‘ﬁ@r‘f”htﬁ?g%"e"gsﬁ 5§PSY PR e dRph OEW%%agﬁ*mogliOﬁgl%ﬂm@slt bfdrshed CWP
techniq¥§s for renoving. any excess netal fromthe 15contact |evel 120.

Fi gur e "1SLangg n ilicogatlioyide| mgteripht therehy cotwaigingee tsubstantially eplandr surfeet i on of
t he sem conduct or device 100 when perform ng a CVMP process 103 in order to
rennve“&W@HﬁﬁﬁéﬁﬁhﬁﬁpewphkwdfKﬂhePEQQUaﬁﬂx@h@hymﬁ@miQﬂmyEth@me&pﬂﬁence, a
single contact element 20 123 is illustrated during the polishing process

103, winstaice on duebdsts difterd maslhraenials, itkeqERAPE Gflert &l @MBNL A 23k
significant forces, as indicated by 103F, act on the contact elenment 123.

1Bor  exanp!sBows) Ghidh Gtk Yhé ﬁ‘&é@ﬁ%@ﬁti&h%ﬁ& s%;&ﬁgg [}?gftal&ﬁ&gé'ngsqgiaﬁ@ﬁc ant

correspondi ng torque forces, which in turn may I _
Consequontl § s o arRt oo R Mo PE IR sortags Bel draltbiealitreine t ne Gvp
q y g
process 103 m? esul f in an unacceptable increase of yield
I osses&la%&alst sga}’g@g'@m fg’@hy CERPYINE §heEioneek detmetal Blitide megionsdS4i n
identifyjng appropriate process paraneters for the CWP process 103, for
:
i nst an¥BIhmaYetpgagifs gontpctiastage, slurry material and the like, in order to
reduce the nunber of contact failures, which may be caused on the basis of
CWP recipes that are typically applied in 5tungsten deposition regines, in
whi ch a continuous tungsten layer is |Ibrnmed on the contact
15 As previously discussed, the lateral dimensions of the contact openings 123A,
123B, at least in one dimension, i.e., in the horizontal direction of Figure 1a, may have to
be adapted to the reduced lateral dimensions of the circuit elements 150, which may
represent transistors formed on the basis of critical dimensions of 50 nm and less, if, for
instance, the length of the gate electrode structures 152 is considered. Thus, the contact
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 strategies 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




| evel 120. The present disclosure is directed to various nethods that
may avoid, or at |east reduce, the effects of one or nore of the problens
identified above. 10 SUMMARY OF THE | NVENTI ON The foll owi ng presents

i mplified sumary of the invention in order to provide a basic
3n3e?§tg&tbrﬂ€l§e%fun§6‘%ﬁ dgrgstitansregimesh d hierpfesat sebaetivar Hemosgiomteatyiduss hote an
exhaustive overview of the invention. It is not intended to identify key or
criti cdrec|dsielaped of whinh agBoprinte maiainlomay beddionigatemtd ensaoRen@E: t he
i nvention. Its sole purpose is to present sone concepts in a sinpli |ied

f or m asareasplrSe] wdigotioretjhieingnAeitidedldabed M8s6Ed RhlPRlst Btheisticdaficysagd | ater.
Cenerally, the present disclosure provides manufacturing techniques in

whi ch e n Of 1.can devi.ce . e forned,on the
R B e R S R e ST L e o Th

rei : nj tress duri t pljmarization of the contact
Fovel arpoyugihdumnliRe ANaRl & LERDRANE oy Sﬂh&‘,‘f’Bels?%V@sfé. i b <

[ e i llustrative enbodi nent.s, the contact netal may be _
ggg’r o:o;& P%’?)el %/SI Snlﬁé'd‘ﬂ% e &Bﬁ’gg’ﬁp?%t‘@ﬂhét &t ancludipg Hheglepine! aiedlectric
material of the 25contact |evel, possibly in conbination mn?h addi ti onal
sacri f CRMRPNGH 1R raﬁgqtlgp wigh gther @h@n@@] agents. Consequently, the deposition of the

metal may be achieved on an appropriate surface, such 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 secams, 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 areas 154, thereby obtaining contact
elements of superior conductivity, even though cobalt has a higher specific resistivity

compared to tungsten.

10




the planarization of the contact |evel w thout applying undue nmechani cal
stress to the contact netal. For exanple, by appropriately selecting the
initial thickness of the dielectric nmaterial of die contact |evel, any
overfilling,of the cgntact eni ngs y be avoi ded, so that the

pl anari zat i o[ﬁg‘brF mé&m‘?ﬁl&@f |11é\99éq%f%”@6 BEMiEaavsiey deider dA0tinea Hahes of 5
an etch process and/or a polishing process in which any excess material of
the cord¥iced ayauiaeayingestpgenn Vedilmbiraiestconecthelnincrath 1193 stre desicdgint the cont act
metal. In other illustrative enbodi nents disclosed herein, the

pl anar iceatariorpenings HE3 A0 h2HE bnl thy Bhsisray ab elcaeclosPplhEiestobyss! GRBYINNGe any
excess material of the contact netal on the basis of an el ectrochem cal

etch preeeds, gidvehebyhaat30akf fthel RAhkymaY OfA| W Undue.. jcgl 10
stress for the contact el e?rents}. anlsequently@‘s/e%gc%i gg&%@g‘%@?ﬁ g)%

tsechni @yegrovwHch ﬁ@w%@&ﬁﬁ%}n@%ﬁ{gpl’ogyrg&ss TRY dBGcE I[r),::)%lsgllnl%n ! li?/igsa, Esﬁla]%ﬁed for

depositing the contact net h perior unftor & cont act

failur Y- RE: ' dur i lL.anari zation of the contact |evel. 150ne
1 ust FonRRorR BB ARGPE AR B ERR rBR s Cerpd i ari ool Bo0 e enon
in a sem: fgnducth?r devijce. The net hod conprises formng a netal in a

cont acfo%‘ﬁ S §HFD ARHOF Forselated vath ¢ diffesent densly affcontagiopneaines. andahe by
perfonning a sel ective deposition process, wherein the contact opening
connec {lkeet%ahf cewlh bt t mashseorn’ like epnitguirationl drtencontdvatleirenfsdRdedn athel east
partially in a sem conductor |ayer of the sem conductor device. The 20
met hodwoudst Hee condrptive esnthor mend raay eRtead tabele mentiefdc@m® hAerAELRIhs0 as to
be laterally enbedded. Additionally, the nmethod conprises performng a

1p! anar éaraidt devepn 06,258 iy lah@alBasitenilohd's phAlRI @ cSiiReddar hﬁ%b ct
el ement so as to provide a subsequent planar surface topogrdphy of’the

cont aclyith&vi&brmi ik hRE ol at i nmet-hod .di scl os erein

conpri ses form'lrrllé aacogtl)ntoact e(h;%el??{ekg&?%&gégytgFgg%?quOf e[@p?agfgg? 120 ont act

| evel em conduct ox devi ce.. Moreover,the t hod conprises termng a
conduc |%§Oi'§§fq}ét?rﬁlgfls 59811%%‘??'\1/%1 OF RS FXGFSE H@t@g@h@&ﬁe SPREATINRICHRERR 028,

overfill i%% t he conr'é?ct openi ng. Additionally, the nethod conprises

r emovi MYV ChoEY cherbRcantly influencet tiecfusthere proskssing a8 theo dpviowild8 whel anar
surface tqpograghy of the contact |evel. A still further illustrative
met hocRrggeg osdbedigiished €Prfeslesqiesr fir ngmavingnimc exapenhagl fonA di el ectric
material of a contact |evel of a sem conductor device, wherein the 10
1Zont actontgeeleivelgl 26xt ends to a contact area of a circuit el ement. The met hod
further conprises performng a selective deposition process so as to fill

t he contact opening with a conductive material. Mreover, the nethod
conprises formng a sacrificial material |ayer above the dielectric
material and,the;copducti rial, Additionall the method canprises

pl anari zi ng %ls_urfac_e _tolg%lg? gg‘?ﬁ?la'&% %ﬁé%f:os%(ftle?@?l Ivé\yvep?kﬁ/pﬁ‘éﬁof“o?fﬁﬁﬁg an etch
b SEfedndbiol Selict 10FNEn Db nb  CR Frotess 10 in OFder to Semove 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




BRI EF DESCRI PTI ON OF THE DRAW NGS The discl osure may be _
understood by reference to the follow ng description taken in conjunction
with the acconpanying draw ngs, in which like reference nunerals identify
20l i ke .el ement s, , i n which: Figures la-l1c schematically illustrate
cross-é@@??ﬁdﬁfyﬁﬁgaﬁﬁﬁf 59%8ﬁ$%6ﬁ@@§t@ﬁﬂﬂéhﬁ@@aﬂaﬁbﬁgavab@qymwde1n

manuf acturing stages in formng contact el ements on the basis of an

el ect r df@ELYipE appiegrige peersss paranetesdin tatGMA pkodEMP] (3, daeiasafenin tRABVI Ng any
excess 25material of the contact el enents; Fi gures 2a-2c

s chematof ahiviny fartd, usitimaneraind ssd sae tikonal oNeeVs r@fucd BemE8RIYCLMagevi ce in
various manufacturing stages for formng contact el enents on the basis of a

sel ect infRudenagi B veaGRlaNe moBIsLaTeVPsRhanan] 221 L A1.A L figaGent act

1
| evel may be 5 acconplished wi thout exerting un mechani‘c réss to

he co At s at er al nbeddi t he cont act tal in the
EISi el ec?‘%li%%{@rﬁlgﬂtegrl éélgg%?éﬁéhc%ﬁltc izliétcgﬁltg{}lgf’ls; nggs(:t%l? y ﬁ‘g‘S?%milqrgF ?fé‘frit% .
enbodi TR $30 Fi gures 2d-2e schematically illustrate cross-sectional views
of the Sem¢onductor 10 device according to illustrative enbodinents in
which the contact elements may be enbedded on the basis of a sacrificial
fill material so as to reduce undue nechanical stress upon planarizing the
contact |evel; and

The present disclosure is directed to various methods that may avoid, or at least

reduce, the effects of one or more of the problems identified above.
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 delineate the scope of the invention. Its sole purpose is to present some
concepts in a simplified form as a prelude to the more detailed description that is discussed

later.

Generally, the present disclosure provides manufacturing techniques 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




Figures 2f-2k schematically illustrate a process strategy for planarizing
the contact 15l evel of the sem conductor device on the basis of an

el ectrochem cal etch process, according to fu&t helr i Ildu;itrajtl ve

enmbodi nents. . . Wil e the supject matter disclosed herein is
suscepgﬁ%PEm?Bz@%Pi@L@wdﬁﬁﬁWFBﬁ?i8W§0@h@%%1m%ﬂﬁﬂﬂ¢@Emh@ﬁﬁ%ﬁﬁéﬁé®ﬂhﬁlc
enbodi nents thereof have been shown by way of exanple 20 in the draw ngs
and ar éoRefleniftales&ior saample, dut aprropridtely hanldatinp ethanidisinb tthiokhesh@leter , t hat

t he description herein of specific enbodinents is not intended to limt the

i nvent idgredioe tieerpardfithelcantadtolen, dins ol@Sitithg HUtheQdntabe oidsahyy bk he
intention is to cover all nodifications, equivalents, and alternatives

fal | i ngvidedise thir@hsPlakiditzaAnd o SEORENEE: LN rﬁd}v&%mﬂgﬁe@ﬁﬁ kaadsRY%rt he
appended cl ai ns. 25 DETAI LED DESCRI PTI ON Various i1lTustrative

odi et ar & described below  In the interest of _

?Im;ri tg,ﬁ %?1%1'[ ! é)lc%gg?a érfg!tib E‘raegé&lgsgm%n& gg%%é Vi’qlr%‘%? Ele it aty g}?t[%%sg%emn%@é: int h:c s
specification .1t wll of. course be appreciated that in the devel opment o
aﬁy su:l:cr%egcntla(}/albe EMOYED G ,mﬁ%‘r"g}?ﬂé shsiedh SPRBH- BsWh f e othse is! ons
nust be made to achi eve the devel opers’ specific goals, such as conpliance
with sguﬁsgﬁﬁﬂé% Sfflgﬁdlaﬁawtfh%qm@é dered) dhe plaseristion oft by capfaghlevdliaybey from
one inplenmentation to another. Mreover, it will be appreciated that such a
devel opifertrlishddoby remaving say congsh exatenrd dfi tire-contastumenbon biut bawiibflan
neverthel ess be a routine undertaking for those of ordinary skill in the
art haelecigodhbmical 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 area 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 element 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




10benefit of this disclosure. The present subject matter will now be
described with reference to the attached figures. Various structures,
systens and devices are schematically depicted in the draw ngs for purposes
of explanat;gghgﬁly and_.so a%@to,not obscure the present disclosure 15
with detail er dilustigdyq metheddisclosedhbreingrmprises formigze cantact oyeningt hel ess,
the attached drawi ngs are included to describe and explain illustrative
exanpl 8 dflialerdripmatesigl ofias epwsacir level Tolea wemitenduntorpiindse s Misedvenethei n
shoul d be understood and interpreted to have a nmeaning consistent with the
undersﬂ@ﬁh@ﬁgommﬂﬁhdbanm@ndsnmhdﬁwmna&ﬁalhﬂmﬁh@@ewﬁﬁhHh@doﬁﬂﬁkﬁ%nﬁ@'evant
art. No special definition of a termor phrase, z. e., a definition that is

20 di f fegittent of¢Gillidghi@e @batbftadpenipd LUBHOIRY Y HEBARLAY i by those
skilled in the art, is intenc?gd t@o be ilrrpl %d by con%@?lﬁg?%@gggggf t he

tser m or, (D T t rmor.phrase i s i nded to
have apgggznﬁglle ﬂ%e?g%i!éggl,c ng%?ﬁglag&r(rggﬁb rfgggi%lﬁgar b 1%;' nSl?%g? (ORI o(gkf:l&lﬁy

skill e@oﬁl{a&jlz??éfs’ such a special definition will be expressly set forth in
the specitication in a definitional manner that directly and unequivocally
provi des the 25special definition for the termor phrase. The
present disclosure generally provides manufacturing strategies in which
contact elenments of a sem conductor device may be formed in the dielectric
mat eri al of 4 Kell derbeclustealiot mytheplisglosel deterctonprise foshingencéradni ques,
such as electroless plating and the |ike, while the planarization of the
cont acbpéengin adicldaianarnpl 65heshtwdtiBalbl 8XahicoRdictIdeiBEGhaRic@L Stress
to the contact elements. To this end, in sone illustrative enbodi ments

10i scl osetladiesinihg thendsMiot h AonfhcehRG! & rd f vel may
be provided vﬁnh gexcess? r(l)ei gr?{l sugh that5 dt?i%ggcécl)%%%rg't mféﬁaﬁ(ga@%@eﬂe illed
into thsn [ - W Joel 0j di any overtilling of the
cont act ogg%%gif?&%ggg gglﬁ%th‘%ﬁfb SSIQ‘.(SA P %gé%ﬁg\ésegou@ﬁﬁleﬁlo R5FOBPAMEURE ¢ he
cont ac . rformed on,the basis of .any appropriate nmateri al

r emov a%orlf)ir%l é@‘lées%,%%flﬁfmﬁg SRV esrB%BO PR ses foring Aseraiiiei maaterih l3yep ne

di el ectbri Cc rratgr,{eal, has to be renoved, for instance on the basis of a CW
pr oces&O%iniF ediglectrigematsrial prdvghe endustivedraterialal Additionalbs, atht ynethtedded i n

the dielectric material. In other illustrative enbodi nents, additionally to
the | atnpiisce pbuativing osurfice toprradty oflfhealoatentesel by pbfoiniing iaal eteli el ectric
material of the contact |level, a sacrificial Fill material, for instance in

I$he foproves teat pd mitaiddziathonesteof @k sadfmtid el i§6; and may be used during
the planarization of the contact |evel, thereby providing an even further

i ncreased confinenent of the contact elenents. The sacrificial till

materi al and the excess material of the dielectric material of the contact

[evel my be T emoveds i u5i;8p:AB19bRoR FAE SR RWAGQPO! | S na process or a

conbi nati on t hereof.

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-1c 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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In still other illustrative enbodi ments discl osed herein, the contact netal
may be deposited on the basis of process paraneters which may result in a

certain degree of overfilling, while efficient enbeddi ng of the contact
metal may be acconplished by 25providing a sacrificial planarization or
fill material.Thereafter, an appropriate planarization process my be

performed in_the presence of the sacrificial material, which nmay then al so
be ef fici entliigutes Pgvisdschematiepllyhidlupirain aréssatitonaprisesss. a Thaicohdradi zat i on
process may conprise an etch process, a polishing process or a conbination
t her eofdevishenevanionh enamaticiviingi sl gesdbe firalindTeynts@ dikGBerd ¥n [{BE LA oBheer
forces when applying a 5polishing process. In still other

i 11 ust rsakettie eaiationeRtEnighs GhRsed ﬂﬁér;%{bwizégl‘fh 89%%8&@&%%12&%@(@?6 Cial

enbedded on the basis of a conductive nateri such as a ne

whi ch BBy RS HEROSHT iding the actual contact tal on the
basi s of(gﬁglapprop#ﬁgfgk%ggeg%§¥%ggﬁggg% ﬁ%ﬁﬁ%%%&lgém Cb%%?ﬁﬁ& y
conti nyQ onduct.i ve .l ayer on the.dielectric material of the contact
Ievel.%%éggg oné%ﬁg@cgﬁt¥ﬂﬁ%%§n@%%ﬂhévﬁ9§§%§Véﬂ@ﬁaﬁléﬁé@?ﬂ@@ﬁ@hﬂ%@L etch
process naéwge gﬁplied in order to renoval any excess material of the
cont acPCEERB AR BlUStpEreabodiBenisi ng a substantially planar surface

t opography of the contact level. In sonme illustrative enbodi nents, the

el ectrochem cal etch process may be 15 perforned on the basis of an
additional sacrificial material, which may result in superior process

condi ti ons, Figmres 2db2andemahyalboilkikirNg cdoRQEdtionnl Pkwk e 1e0ngMesddieol ayer at
an initial phase of the el ectrochem cal etch process. Consequently, the

10onceptiewite peevtiidbn® HheuaAR! BabodRlds ANwhild BRSLGAE Fengli (%rtleiyvge

embedded on the basis of a sacrificial fill material so as to reduce undue mechanical stress

upon planarizing the contact level; and

Figures 2f-2k schematically illustrate a process strategy for planarizing the contact
15 level 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 modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.

25
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20 deposition technique, such as an el ectroless plating process, may be
efficiently applied with a high degree of flexibility, for instance with
respect to the degree of overfilling of any contact openings and the |iKke,
since the planarization of the contact |evel may be performed on the basis
of process strategies in whPERAAIREE-DESCRIRTIAN stresses, for instance
caused by conventional CMP strategies, may be avoided. 25 Wth

ref erence t oV#iqygrillgstmaivelemtfoditnérgs of Ithey stveationy erceddsodbae bélswwi I thaow be
described in nore detail, wherein reference is also nade to Figures la-lc
as requitesdt oFiogarite, Rar alihlenmidscall hy ablubliShpRiestafos 485 He&8bhi QRahisvi ew of
a sem conductor 5 device 200 conprising a substrate 201 in conbination

Wi th a spediiiendduat ahll ba¥eks@8 apirBeiBd ¢ ' ' hased
circuit§elenents 250 may be 5%?%F%g??@Egkgﬁgfgghgﬁpﬁgﬁkﬁgﬂ&#¥§9%% %rence to
the sem,gRAGMSE O i . bstrate.201 and the.sem canductor | ayer
2%2 may ha\a/'e an’yﬁ%rg%}%gpﬁlé@%eg%lﬂg?wgﬁercg% @%0,131%1ﬁcrﬂu§gbeaﬁla§‘b?o CoNfigtiEati on, a
bul k cgpf&ganationéa@%ﬁshe like. F%pther pre, the circuit elements 250 10
may represIRES aTONC S Sitee AREplianeeed thosy stereralyed gndpusinessrtleisAduct or
material of the sem conductor |ayer 202, such as field effect transistors,

r esi st P8Sragth Arhiel g1l avay digen Phk émplehenteliion &t andtbarst Mooswer Gtipolhdat s may
be formed in the sem conductor |ayer 202. For exanple, a doped region 251,
for insppreiated ubit axha dewlopnemt sfurtarigheyé @dmpfexaardd ghe-cehf@bhe thansi st or,
may be provided in the sem conductor |ayer 202 and may represent a part of
the 15vonid evetthdbsrienirodfis ulMefREME for tRose QP bAGRarALER iR B arbhififhAe @ Met al
silieide material, may be provided in the sem conductor |ayer 2 as a part
10f t heb&idi ur thiLdisdB&te 250. It should be appreciated that any criteria

di scussed above with reference to the sem conductor device 100 and the
corresponding circuit elenent 150 nmay al so apply for the circuit elenents
250. It should further be noted that the circuit elenment 250 may al so

conprise 20Q, any co nents, such as gate el ectrode structures and the
li ke, whi chﬁlﬂ%ﬁ 8“%%1?&&%8’{/8’11@ Revslenslessribrscvih rteyence 20 2haiataokkd ch may

requir approerLateI adapted contact elenents, as is also discussed above.
Mor eovefUics-he V38PN SdBICHr sYismt end 0B vivey arorsphirsaically odepinted lievkd 220,
whi ch

drawings for purposes of explanation only and so as to not obscure the present disclosure

15 with details that are well known to those skilled 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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25is to be understood as a dielectric material 222, which may include two
or nore individual nmaterial |ayers, depending on the overall requirenents
and configuration of the contact |evel 220. As al so previously discussed
with reference to the sem conductor device 100, the contact |evel 220 and
thus the dielectric material 222 may be fornmed above and Laterally adjacent
to any sem conductor-based circuit elenents, thereby providing the desired
passi vati on ok piveerdi digclpsure| gememtly 260ideF anamdmy@inige BeRegithen diveikct ri c
material 222 is illustrated as representing a continuous naterial system

whi | e, castaéisslerhatis oM sanicenduerpliadiaeap B YSmWdtiA eefiQEQAS atePial Bhe
sem conduct or device 100, two or nore I ndividual |ayers, such as an etch

st op | y@hctapeklt j : i . r ire he..patt erni ng of
t he cont act Ievé?ﬂgg%hﬁ%ﬁagﬁﬁgQggggg%p%%gngﬁg?g@#&%3§%%§%§%gﬁm§§ﬁn§r at
lseast [ be provided with a high internal stress
ISeveI ?})e]ig%e, t{%%hié Iﬁ%%@?%@él} (gﬁ?tn%%%%g% eV@ﬁWﬁwﬁ a&?MiSﬁ%W&%ﬁ@é@f“%m as
transi st ors aeng thag lti ke, V\/Qen the stress level in the contact |evel 220
may pr 0V1 de "EGPEPTOrSUERRIY dne £PRIpE CIgBsNtSi t Vo hinsndsBoeeme dHusselive on of
the sem conductor, | ayer 202. In the enbodi nent shown in Figure 2a and in

t he coF‘F’ggfﬁig’ﬁmsrfbsqmdf@&lmrﬁhﬁgnlﬁtﬂa@el,ecfirilqem@brialamﬁ tht evethct220:limsayi bd ust r at ed
such that the 15 dielectric material 222 may conprise an extra portion
222E whioyhledayith epeass deigha ssdc thaf itei entamtresthlamapdetfila @fo tHaeconedt act

| evel 220 to be renobved in a | ater manufacturing stage. Furthernore,

cont acbpairsenhile 2ARbaAr fyaiay bele gvdrillideo R Lakthet BB 26 05Q 0 connect
to the contact areas 252 provided in tr%go sem con%u(%torgl aygr gg%,ﬂs/i/\hi le, in

h sedl hdriZOf L o A
1other gas@bscqubngdlaidii-Afod Of RS RORE RGL BLOTENE A3 oA BEACH: %rgyg;;‘gﬁ,em <

el ements may be provi ded, may co er ci

f or med 1 ctor layer .202, such. as gate el ectrode structures
and thﬁ%g{té gfgd tﬁgaqné‘?rgg%grpg\)ﬁe %é‘?())’v }Eébllgisﬁg’&. luf‘ﬁéa%é’Sr‘?f“i’é’sn%qné%éﬁiys 223 may
represent ..a conducti.ve material fornmed in correspondi ng contact openings
223A, I3@clegriesmasriah hasne heoremayedi 1os dnsiaicgtan thehspis i thoMP pweessi | | i ng
the con _zflct openi ngs 223A, 223B. The conductive material of the 25contact
el emenvRilogathgggme time Bieecontactmietabis Materalbodbersied s theegiclesteintmaerial.
substantially wuniformmaterial, thereby providing superior conductivity
and t hizsotbemntllstratiwes embodimentsphdditienatignbattie by end2@dink NofthE SofASE,
additional barrier materials and the |ike may not be provided in the

1gont acdleratresranths 1223l di¥RciiidiBateind of WY cRRRE MVel, Al B s@rsunl g artsr i al s,
such as cobalt, or any other appropriate nmetals, such as alum nam and t he
l'i ke, iA@¥nde€n 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 elemenis. 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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5provi ded. The sem conductor device 200 as illustrated in Figure 2a
may be formed on the basis of the follow ng processes. After conpleting the
circuit elements 250 in and above the sem conductor |ayer 202, which nay be
acconpl i shed by using process techniques as 10 also previously discussed
with r HEPERE RFOEGHE nirbecRiwed in ampr@@nmof the secrificidl enatetial, whickr i al  or
materials of the contact |evel 220 may be deposited, wherein, contrary to
t he cormy@hthepakp bstaftcienflernmved idotisg theddserizirén, probms.s dbe iplanaiiadtiopor t i on
222E may be provided, for instance by increasing the thickness of the final

mat er i rodesy erayodorprisecanthtprbessl a 30siOhg BYodREO¥ di ddehiAnaRRahakef, Mt eri al
| ayer, wherein a thickness of the extra portion 222E is 15 selected such

that avaeRdhahé EelREAN indlerifBMaDEchgle Gk LE Qiny thegant act
openi ngs 223A. 22313 after pat tagr ﬁ?‘%’ ?’ﬁjeyaé‘%%egﬂgﬁle?%ﬂe%%g@?% agﬁlyg‘%}g

ppr opt,j ning regime. That is, the initial total height of the
?ontac?bﬁ§§g$a%%§£is sel ected such that the selective deposition of the
conductive material of the contact elenents 223 may not result in an
overfilling of the contact openings 223A, 22311, irrespective of any
process-related 20 variations or irrespective of any difference in depth
of contact &psll eger iNysEatiemombedimgots dipdoscd gsremayhdamsadi ondiad hey bed so as
to extend to a | ower depth, for instance when connecting to gate el ectrode
st ruct embsddedcbrt the bhsik ef aAbhéuctipatnaeriilngich he aanilaghicAPe NhGSMmAZ 84, 22311,
a selective deposition process, such as an el ectroless plating process, my
be per fiepasiel] afereovidingetexaasadch@idt @BtaPlont iR BN J¢tal’ &toprige MY act
as a catalyst 25material, thereby avoiding a separate provision of a
10at al y8épodRioar fedhni r ; - tal,s.such as
cobal t r?ay be dir e@{bl %/&1?%?9 d@w‘é%iega gr(e%tﬁ%u&g%F%@émge)r(l%%%gga{(g?sﬁ%?cmc
wel | -e i S I C i cal, depositjon recipes. nsequently, during
t he de%%g??%dﬂeg¥gtﬁ%ﬁ%ﬁn%§%;iv?aﬁgtégﬁébeo?)IH@R§iF8 YCUKP o 3Fh s2D23, a
desirgﬂ %qfﬁrior bo ton}to-toq§filL gehavior may be acconplished while

avoi di A ECEIGRLSEh recest may berapplisd i getsr 1o swagvel ameexiesy swiarial of i es as
may tnﬁjcally occur in CVD based teclunques, when contact openings of

r educed®|QpisEhelemichisndicenby mipwding deulfsiantieldly plebaenviace tahogiaply tdfehsel ect i ve
deposition, the process tinme may be appropriately controlled so as to

achi evengactigsict elh dointd illoetiagive eitbodinyered, thddle@@Rh@ficalOPENhRBSss 233 be 223B,
irrespective of the initial depth of the contact openings. On the other

1hand, gerprmedivache 8RENLNES adBBAhal 2R3Bi M nadl NANEL %ﬂéﬁ@m ﬁ?ﬁgpt h,

due to the extra portion 222E, so as to avoid any ove I ng

the e b L 1o66l, 4EROSE i OF. LU |4 shoul d -be
cont aclyoQReRbNERoNY, FdHiRsh e gféé‘vr ?ﬂé%ﬁ&?&%{ o4 gél)r@ t et létff%oq'jiél& lpﬁa]advance,

appreci ated that the deposition rat e rea

for L&ﬁ%&g&ﬁngkég&jgﬁg%ﬁSggggégerinents, t hereby enabling a reliable

esti on of & requt time in order to obtain a fill height
wi thin any of the contact openings 223A, 223B that corresponds to a

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 applied
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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15desired height of the contact el enents 223. Fi gure 2b
schematically illustrates the sem conductor device 200 when performng a
pl anari zation process 203 in order to provide a planar surface topography

for the cont | evel 220..1n s i|lustrative enbodinents, the

pl anari zati o l%r%ﬁeé%‘%cef@f‘ﬁﬁ?s t??é‘r'rﬁqz(ﬁuﬁg?rf Bluswativenerprdingarip it new dep
process ig}ghich mai nly material of the contact |evel 220, Le., the excess
or sacrdepsrine I FReredstall, hsrein seferzpods alpaymasie tp Ergwesd a- ITastréqurednd, a
plurality of well-established CMP recipes are avail able, wherein the
material renoval may be acconplished without unduly affecting the contact

el ements 223, since these elenents are efficiently enbedded in the contact

level 220. Migurexznptiematehlly esisablcl ShethsOVRRALECRN G¥es sEiRicofi®IRY N9
silicon dioxide material nay be applied, when providing the naterials 222

and 2226vich 20D offifheh @bsitdd SONiAoRi e HaLA! b 8l during

t he planarizationgﬁrgggss 26%, a gﬁ%@?%gﬁgﬁg&?g%g%ggg?g&ggqﬁghgé%dnat | east
during S r |, process 203, therepy. finally exposing a top
surfacgﬁgfa¥ﬁ% %@ﬁ?é%gﬁéﬁg%gﬁ?gmf§39“W# § H@ng|?5§f?%&¥9emeﬁﬂs i mefits, the
pl anari zati on, proces 3 perfornmed on the basis of a CMP process may be
Pont | nia g GEIFS TR sdpinEe toaPt el donpe LW trbpirait 20band the

i ndi cated, by 222D, in order to conpensate for certain differences in height
| evel @&¢micRBduciit loer Q0nmay shave3anyi ahpnoptitte coigactionpeniings 2238] 223B.
The correspondi ng renoval of a portion of the contact |evel may be
acconpkosiedating, a wék tenfigu@sgmesdihediier - PatlicshbRy the IR derBe@9DEGSpPondi ng
material |oss may he taken into consideration by 10 appropriately adjusting

10he i nintayabproging ity iFculitdlGKARS forRed LA MAEH 4 ée‘ﬁi{@dndﬁgtgr mbferS\@tthd Pe
appreci ated that also during the final phase of the planarization process
203, a heicEd GRS, A ect. . t he contact .el enents 223
Y Do 28 Pt o e el Bl RS s’ SO 850 SRR 1y
enbedd ' ielectric terial 222 of the cantact |evel 220. 15

Fi gure 8k%E Q%% f@gﬁﬁ?nﬂPngfﬁ%P§§’§ﬁ e&éﬂ?@%ﬁﬁ@ﬁ? C@éiﬁ@%zﬁéoFﬁécording
to further .illustrative_enbodi ments in which an additional sacrificial

mat er i SFABYG efl Legiong? i der inpaNee supl ag e Araie pr sass| regipn ofpifiekd effect
perform ng the planarization process 203. For this purpose, the sacrificial
mat er i BRNSIIOL, gy be@rgirided indle semitoralutior ayef 262 20! phywareprdszata mn ofaher i al |
Le., a material that nay be applied on the basis of spin-on teclmques and
I6he |i &esuitddeneds\250r ddo@dbvay, & cSntpe rairdr 25, S asSUnE@E §ilitiaP A @R Yimay OF
instance by conpletely filling the contact openings 223A, 223B. To this

end, abeiekiled iy t1Rf seRREMNTBEOITRYET 1B & Ahr VAL LABLiLeleMBACISOTBY G APP! | ed
in a low viscous state and which may then be hardened, thereby providing a

substa&;hﬁ&g&a EE fiRcs & a 25sonme illustrativ
enbodi ment's, the planar iczlget llgoaﬁlg%{rggééieg@@foégﬂkrlrarf?eﬁ%mﬁet? £ ?nsgﬁn%’ﬁl%{lﬂgr
device 100 and the corresponding circuit element 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

elements, 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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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 %angnt of the.Rroc%%s 203A. For exanple, the material 224 may have
a si m |Gl lRYgEHdaperding on the qyarallrreqyirepgents andhegrdisyratien iftthe gontacta
superior surface topography. In other cases, the planarization process 203
may conpYs! 280-a Asqilsespicriguply shiscsssed 0BH) reffarendaite the sraninetderioalkde@iad 16 d
finally the material 222E may he efficiently renoved, while providing
super i dhe icnntegr levgl 220 thé thentlectickbereintieriz2322 whiyChe M@hcaeatvpasgd at a
final phase of the polishing process 203B only, thereby avoi di ng undue

i nt er adste@ily 0fdjddagt Y Q8L SSnACIRIBAbr-Bisel NGB 0885512 0RB: Bhdidhgecont act
el ements 223. In other ?Ilustrative enbodfnents, }ﬁe gfégg??@gggoﬁwprocess

203 ma =) : ; tk | th t .0cess 203A and 203B, for
instanﬁggg§ f&géﬂgﬁ%ﬁ?ﬁégﬁﬁg%%%gggg%ﬁg g@hgﬁﬁgéé“ﬁn eéﬂ%%%ﬂﬁéﬁ%?ygapplying
t he polsishj ) ss_203B,. during which a.difference in _hejght |evel of
the bontadt A BHERAS S e Rsf BEoPRubek i il b e Whs v dopReBSl y
described wth reference to Figure 2b. 15 _ Figure 2d schematically
i |1 ust FAPEEC ﬁBO‘é@eYﬁtgéﬁ@{?@P%Fo g’@\ﬁe@éc%é@pt%}b@‘mc‘@i Y, two pumone mdividusdt r ati ve
enbodi ments. As shown, the contact |evel 220 nmay conprise the contact
el enentayerp3uelngs By eicls gtopt bamed and yhe' hikis hngobt prokded; anfiequirat f@nthe whi ch
may be caused by a certain degree of overfilling of the contact openings
223A, padBnigroif tg ddneac veb2(eClini sotedRRASiht idedleddi OGRSl 282 bSatfi@fst h NSt ance
al so described with reference to the sem conductor device 100. Moreover, a
18acri f peitidh MBfeBF inddy BeSpro$ied aith 3 RloAN@fdZAL Q8 MTREEh Ay ¢ 88, for med
above the contact |evel 220, such that the contact elenments 2 are
enbedd i J: e i.n.the dielectric material 222 of
the conear e o ulTRER HepRERCERR s Bl dRrtnEl FEII2um T fresten
after [ h nt 25el enents 223 with a desired degree of
over i [EF M (et R Eo S3EDRTTSrdas shired gl mobiins refseeiepi n- on
technigues a?ﬁlthe,lkge, in order to provide a superior planar surface
t opogr BYHYN of Hegemasonduetas layendndpdhg embaiimentepotys ipFvialdaansyinghy ot her
deposi tion technique, in conbination with a planarization process, such as
a pol i straspoiphing exmubastiringestagk ethe Bamtadt davet 280 cionflugtitat savh @t shown in
Figure 2d, a further planarization process may be applied so as to provide
la pl andiclesuict maerinbPOQraphohPiisé ke eant pefioheMelE 32%h may reprbbifUf € 2e
schematically illustrates the sem conductor device 200 at an internedi ate
phase okrifibial Rb@RAT haAbh BNHRIRARASESIc L300 W HE R d 1?1‘3 %@&f rﬁéﬂﬁ%&ﬂi‘nt he basi s
s 28387 'For exanﬁ%e, when

of an etch.process 203A and/or a polishing proces
appl yi éwget hﬁf’“’ln‘ﬁltcf;rt:iorea contact elements 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 elements 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 to a desired height
level without overfilling the contact openings 223 A, 223B. The conductive material of the

25 contact elements 223 may, in some illustrative embodiments, represent a substantially

20




10 process 203A, an appropriate etch reci pe may be applied, such as a

pl asma- assi sted etch process, a wet chem cal etch process, in which the
mat erial 225 and the conductive material of the contact el enents 223 may
have a very simlar .regqoval rate. Consequently, in the phase of the etch
process’ é‘ﬂ rﬁéperégﬁom‘?rq EPYidre %?I'Iql'ﬁ"é’nﬁ’d‘fté‘i*%fa'?ndz@ss seidaat mesiviitgrafal  of
t he con%gct el ements 223 may be concurrently renoved, wherein the 15

cor r es PN EPHECLEYH 23P 0 dasibismage. Bddisionalrsitierdmetsrinliend dbé Hkomayhet iat er i al
222, which may act as an efficient etch stop material. In other

i |1 ust maevided enthodpnieeit demerie 2P| Te hhingnirogesprdOdR wajudiee pesif@igred on
the basis of a process recipe, in which substantially the sanme renoval rate
may be sodit ad oetdhlif of ahpoiERLEHbANaE 2RrAnbubh s GRhRGEH SlIGHENKS, Mgy pe FOT
exanpl e, the characteristics of the sacrificial material 225 may be
gffici?ﬁhh&x@djusted, 20 for instance in terns of hardness and the I|ike,
by perform ng appropriate treatnents when providing a polyner materi al
and/ or by selecting an appropriate basic material conposition when using
any other material. For exanple, the conductive material of the contact

el ements 22 whi ch b rovided jn the formof a honbgeneous netal, may
have a redui@ﬁS@ﬁ#@?ﬁgﬁgr@ﬁ&xi%ﬁ%a%ﬂ%%mﬁ Piﬁﬁﬁﬁ?ﬂam“ﬁd%’gémééﬁmdbﬁiate for
obtaining a_25simlar renoval rate on the basis of a polishing recipe, in
whi ch 8ids phibeilallowinguogsssesi deffer compistiag threcinaii demerey 2k incond abant .
Consequently, any undue sheer forces during the process 203B may be

avoi dethe seheceidyctoethyei 2@, tWidcipmap dbiatdonyplBhed beatinh graoft Bnifial hyr es, as
may be the case in the conventional strategy previously explai ned.

1Bur t hesls® pecvidulyolRBlssed Wiht LRLNE 16 W&O&&ﬁ@&@cto@ &Qi@illﬁ_?,gég?e%iﬁg{;ctﬁp etch

process and a polishing process may be appli ed.

schemala gl ¥r halddSisr ] tor .device 200.accordi o further
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non- cont r.ial system above the contact |le 220, for  instance
caused dy@ g@%%% ggaﬁ%li%pre&léﬁsrl%gesﬁlg%%&ef ?aFT‘ﬁﬁlﬁf pgiop @Fca%be BEYIEd, wher ei n,
additiﬁpalk%% % sacrificial material 226 may be provided in the formof a
cont i NUOUSIEEA &Y dRGreesinmthe thigknessglethe fingl meisrial jayeiefdhe caftacsdevieb??A ng t he
contact elements 223 on the basis of a sel ective deposition process, the
cont i nefoRisPieBiiRg? pepardtapateraPByprmyvhbeipa thickieds of the ckas pamioa 209F appl yi ng
any appropriate deposition technique, such as CVD, sputter deposition and

1$he | idetecsl suvht thiba eoduable ehereNhty 223 rdlly esbRiddedithinympeanamcof the
dielectric material 222 and the conductive material |ayer 226. The

ducépevinghaDeA| ‘ | 6L !
conducsioutaBOEA| 2131 AN prAZil e Bin BIRAL BRLL ?{@@{‘%ﬁg@&ﬁ%ﬁ%ﬁ% act as a

conductive material, such as a netal |ayer a
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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 electrode structures and the like. After patterning the contact openings
223A, 223B, 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

21




Figure 2g schematically illustrates a el ectrochem cal etch system 260,

whi ch may be configured to receive die substrate 201 in order to perform an
el ectrochem cal planarization process on the contact |evel 220 conprising

t he congductive sacrificial |ayer 226 as shown in Figure 2f. The system 260
may co%- Praxagpisometalysick af ogmliimat by dirzd demiegionedmetel sibcide va tiche
substrate 201, wherein, in the enbodi nent shown, the surface to be

t r eat ecPasiseof welesigblighad teldcavelicn®iog, dapayitibe rerimsi d€onsaijidnily, dufigacior or
vessel 261. Furthernore, the system 260 nay conprise an el ectrode assenbly
264, wiephsitiay afetpe esedictiae nmyalihleot e thade cRESEADINS, ahisRINBYeRS Scanned
across the substrate 201, thereby form ng a novabl e gap between the surface

to be thoe@hem.-topdill baAfios AkHyast adcgf@hs}?e%%#ﬁ%m%ggg Hﬁggﬂ P& E}éa%%h{&?aﬁgt o

assenbly 264. Moreover, the el ectrode asse e appro

opnf i gu665i8.- ; I Jore jets of ropriate. fluids, as

i ndi cat éeg By Zg%?t&?(l)l?é‘%q ‘X‘f{é %ﬁ%g%%; 1y[5)rcc?@?/djlcﬁ‘& 'ang%g@s%)lt 1986 Wi8n or any
ot her riate process fl ui .equired for initiating an el ectrocheni cal
mat er | %BH{agfr%%m%r(gglggg?ed%térgxéf?gp%‘?mt A 1ol e titled. y Moo tndyringeai n a

m xture of .an inert solvent and a 10 conducting salt of a non-oxidizing

aci d. FEICEHS: dRpraition, e wmsscesplimeanapbe apiyropiategly condelitdso @siotashiznakbl e t he
application of voltage and thus current pulses between the surface 220,

whi ch sasiredchill dsighh imamdef thenebngtice openingy 22364, QBB ite:spasio eI h@ Gdiialwhi ch
may act as a cathode. Consequently, upon initiating an appropriate voltage

or a sdeptrfehotontalt opetngl O83he atheRdrAN theldoBMWciTEHE 858 Rbb9 bet ween
the surface to be treated, i.e., 15 the cont actCI evglpl%%ZO c’onpﬁggﬁg t he

lgonduchhveead b1t el hadn e tact elegnent.s 223
(Figure 20 a%ﬁtlﬁga%@}g%%’l &edag? ?ﬁ%@%ﬁé@%@j{%%ég%ﬁ@?ﬁ‘g %Y‘%‘é@’é’% ¥ ui d
265. Base A .cor ndi n an speed, the sequyence of voltage pul ses,
t he co?}}%oésjhln'?%a })hg %?&é% h‘;e/ﬁlglﬁg}(’ﬁ ?%S?ffi? CR%Y tbrﬁe'o?t SBBWE;LSIWWPW@%%TC &s fluid
265, an ef fti ci ent mat gri al { ﬁgoval, of the |ayer 226 and the excess materi al
of t he WSKIUY: T4 &nPs satily detenningd innadvengee dor ipieanes romp et basiblof a
material renoval may be obtained for portions having an increased thickness
of et SXPerEisREy thesdeenahling o aielipble ¢ssinmitior 26 2 rGpried queress fimedurordeg tb he

el ectrochem cal etch process, the overall surface topography may be

i ncr easbtaigl 4 fif] terght ivithin afyoof thesdoamze opshisGaIMIANA23B 1RE TotBgondPss fat e 201
several tinmes, for instance by using different process conditions, such as

1pul se dedpue height ofsbatogRgemeaandshe |ike. 25

Figure 2b schematically illusirates 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 222E, may be removed. To this end, a

plurality of well-established CMP recipes are available, wherein 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
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Figure 2h schematically illustrates the substrate 201 during a certain

phase

assenbly 264 may be noved along a scan direction 266 on the basis of
S an 5 such as voltage and shape and frequency of pul ses,
B A veS i @

proces
speed
I 11 ust

of an el ectrochem cal etch process 267, wherein the novabl e el ectrode

scan
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rates the substrate 201 in a further advanced stage of the
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264 may be positioned at approximately the center of the substrate 201.
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the contact elements 223 within the contact openings 223A, 223B. The corresponding

‘removal of a portion of the contact level may be accomplished by a certain degree of over-

polishing, wherein a corresponding material loss may ‘be taken into consideration by
appropriately adjusting the initial height or thickness of the contact level 220. It should be
appreciated that also during the final phase of the planarization process 203, any
significant sheer forces with respect to the contact elements 223 may be avoided, since the
contact elements 223 may still be laterally embedded in the dielectric material 222 of the

contact level 220.

Figure 2¢ schematically illustrates the semiconductor device 200 according to
further illustrative embodiments in which an additional sacrificial material 224 may be
provided above the contact level 220 prior to performing the planarization process 203.
For this purpose, the sacrificial material 224 may be provided in the form of a
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

some illustrative embodiments, the planarization process 203 may be performed on the
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15par anmeter settings. Figure 2j schematically illustrates the

sem conduct or device 200 with a planar surface topography, as indicated by

220S. Consequently, also in this case],c the cont ac'_tth t e![_emants 223 may
rovided with a desired planar configuration w thout exerting any

20undu LS O e Pragest 805 g Welch o eiriel SHe Rt dpcdngg, the further pidgace 2k

schematically illustrates the sem conductor device 200 according to further

i |1 ust RAtthe eCtdnbeuwesreR3A dlsp Wiv ofataial 222Remayalor infrhoved| withoat valulg27 may

be forned above the conductive material layer 226. The further

sacr i f iespadingrétteeronaict 2RihenBY2 A3eto2hp r@iitke ProcBsst dagbib@rdn taé Ba)c@ésamw.zat Ion

material, such as a polyner material, and nay be etched back after

appl i cabi eRample, 8% hlteEANEI4 WhG WRbLEr éiﬁ;'ﬂa?%&ha&eh%%gscﬂlepﬁa hgrlg%z%ié the

contact |evel 220 outside of the contact el enents whi ¢

?g‘slgplt %lgﬁ&ﬂé&; gé\/@te]'ﬁiﬂ%ﬁig{ i %g?&ftﬁéﬁ&&’%&&?%@fain %%h%p c%ge%? e pl%ggr’iza%(s)n
process 203 may comprise a polishing process 203B, in which the material 224 and finally
the material 222E may be efficiently removed, while providing superior integrity of the
contact elements 223, which may be exposed at a final phase of the polishing process
203B only, thereby avoiding undue interaction of the process ambient of the process 203B

10 and the contact elements 223. In other illustrative embodiments, the planarization process
203 may be performed on the basis of both the process 203A and 203B, for instance by
first etching the materials 224, 222F 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 illustraies 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, 223B 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
material, may be formed above the contact level 220, such that the contact elements 223
are embedded, i.e., 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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el ectrochenical etch process may be initiated on the basis of any
appropriate process 5 paraneters, wherein a initial material renoval of
the layer 226 may be suppressed due to the presence of the additional
sacrifi.ci al terial 227, Consequently, in a correspondi ng phase of the

el ect r JBHRHRC ﬂ%?@ﬁtﬁ*@éﬁ@%?m%gﬁdﬁ@dﬁb@ﬂﬂﬂ@ﬂﬁowﬁemhwpﬁﬂﬂaﬂMEwsméyer 226
and the excess material of the contact elenents 223 nmay be preferably

r emov edopagientybylif eththeasesthancitergl 2AS nplyabapiariidg &f hiec bthef dégaeition

el ectrochenical etch process. The wet 10 chemical etch process nay have a
subst aritdhaidug, sedotrtitarioniwigh Dplasatiafion probhal suchas § PEHUELd MBcdFBLET ing!  ar ound
the contact elenents 223 may be renoved so as to finally interrupt the

conti nuirys BAYEonaARS cahGHNEidNS GRALARIFISLETRN tasfu?cﬁéxhpllﬁh?{%%?%rt @gocesrs he |ayer

I
227 may be renoved, for i1nstance by wet chem cal etch techn

porti ontor TRacl b & RS E laph el AR o B Rl sy 1020 Chom cal

etch processes, CWMP and the like. In other cases, the wet chemnical etch
process may be interrupted so as to renpve the material 227, after a
certain degree of planarization has been achieved, and thereafter the wet
chemical et ¢EeYF &¢ edwmptigallyallygratesiheseniponshugior device ddbatantinermetie ni ng
material 226 and any undesired excess material of the contact elenents 223,
howev ephassrofithe plasiization fdresss 205 oplicls iag deqebrformed 98 thobghis dOMBtdh t h
respect to a height difference between the |ayer 226 and the contact

el enenpsoc2@3203A and/or a pdBhingl@6¢dst 203Be HIres@pldi WIEnOSIMEnPIRVEEES
process strategies in which contact el enments may be formed on the basis of

I9e! eot biReACRIRL AN SLPRCiRURLY B pARRLCEHLeFFIaBh bl her el 1 Lhe

subsequent pl anarization of the contdct acconp wi t hout

i nduci due ical. stress in the, contact .el nt. To this .end, in
some iP fblﬁg% gt‘l”\%gg ggl?ﬁtlgﬁté,gceg lgpgggﬁrt?xﬁtrgatgﬁglegg ﬁ‘?d fe tcfg%é%’grﬁ ggfy
metal of th ntact elenments may be achieved, for instance by reli
avoi di H’&‘eéilﬁ?i}ﬁ@%f’?tﬁ?tﬁe%?m% w8y B@é@pﬁo\lﬁdy sanidsdeneyal sgen Cagssqaendlyor by
providing a sacrificial material, which may _

in the phase of the etch process 203A as shown in Figure 2e, the material 225 and the

material of the contact elements 223 may be concurrently removed, wherein the
15 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 1‘5’{6 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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5 preserve integrity of the contact elenents on perform ng a planarization
process, for instance in the formof an etch process, a polishing process
or a conbination thereof. In still further illustrative enbodi nents, the
renoval of any Excess na erial of the contact elenments may be acconplished
on the HHOVE %?C PISEY 1g¥ he fopunant: Eengrayerils @sy udershper farcsadniing dical
conductive |ayer may be used as a current distribution |ayer. Consequently,
the 1CPTPEAS h%é@Bpfft@deb%iaﬁgldﬂ@ytherﬁéw tedluciopt tha usdbability hef bastis; obntactpl anar
surface topography of the contact |evel and thus the very first

met al | ifzdoiegn abayey bé the medsal I 28¢ | WhveisdRM si@Yegl NBRvIRASEK OERGinS® as to
appropriately connect to the contact elenents in the contact l'evel, which

may havRutheshiPpel i0stheONHYGiiv dfb el 4 REMBRLEGT | bl chni que
used for formng the netal of the co%t act el eéﬁ%by%g&ﬂ%béé‘ﬁgn%grti cul ar

eyrbodi i re illustrative only, as the invention may be
nodi fi g%ﬂgﬁgggﬁg%ﬁﬁ%d@%\ﬁgi@?ferem but equi val ent manners apparent to
those skilled in the art having the benefit of the teachings herein. For
exanpl e, the process steps set forth above nay be perforned in a different
order. Furthernore, no limtations are 20 intended to the details of
constructi or'&t* d@s?@ﬁmﬁﬁwynll@ﬁw thy serpicppdustagsdayissc2Gtectording e cl ai s
below It is therefore evident that the particular enbodi ments discl osed
above majhdsellastrasive rdrodiraeits, i isdwhiall tht Icostacthelvmentatd2Bnaapfent ansider ed
within the scope and spirit of the invention. Accordingly, the protection
sought chetirions instaml spdterh @bove ihe doeact leabNB(h EhioktandeleALME byla cért4TRt hod of
form ng a contact elenent in a sem conductor device, the nmethod conpri sing:

19f or m Uge:ge BELRLrlIMa a6 AUKARL RGB! At TBAbINS. HLRIEELY LbydRY 9bkal of a

contact |evel by perform’ ng a sel ective depositl process, sald contact

[ g ' it el f d at | t
par ti ol S ravasi beop Bt & Fhydhes: Ll ibaGhiFor ol BEPofher o n an
upper gHéftace. of . sai d I | evel ,

wher ei n prérofrgf'nr% tHE] Cglétla‘gti eg‘lé’fe‘%ﬁ{ ?é‘% gﬁ&% "i?sltiﬁ gfﬁaf Q%Z@ggg%%héggegééb@si ting

said 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 2¢g schematically illustrates a electrochemical etch system 260, which may
be configured to receive the substrate 201 in order to perform an electrochemical
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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10nmetal in said contact opening w thout depositing said netal above said
upper surface of said dielectric material; form ng a contact el enent
fromsaid netal by partially filling said contact opening with said netal,

wh a surface of sajd nmetal partially filling said contact
opﬁﬁf"'m} d{é%? %@ @8&8%@%(@6‘&9‘? 981 ¢ REavided wihigvi sesictr farrvessch@b bht

| evel ; 5perform ng a planarization process to renove an upper portion
of sai Ja H&@F%%rler ithe syY@En; %p i POIapI]meaaIareiemddfs asdeatbdy fods aitdcidinglyect ri c

material is lowered to at | east said second height |evel. 2. The net hod
of cl airapreseniaeneiablepdedtexdmiangnedy, dviitianay iteataoRd PLRABS B% SOHRIE 365
performng a chem cal mechani cal polishing process so as to renpve a

por t i onh@tbys &rchi2Odinedvabler 4 %aﬁo baBE Be-surfee (06 ABLDPT eOfth lc@%&é‘l\e djurt h]?r
conprising formng a sacrificial fill material in an unfi por lon o

[

ot al - and o] A et o el TR ) P 2o
of cl ai,m éiyprdﬁ?ﬁfae b&f&%{gdo E&na S&'ovxdg IO%anrrl r%lggel J%tns gﬁ&?)grlgtg ur1cliss %2
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 treated, 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 pulse sequences, scan speeds and the like.

25
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performng at |east one of an etch process and a polishing process.
nmet hod of claim 1, wherein performng said selective deposition process

30conprises performng an el ectrol ess plating process and using said
conprising: formng a

er

contact areg..as _a,catal yst m i al . 6. A net hod, 4
contact openifgCi sﬁhﬁ?’é‘il@yﬁ'rlhﬁs%ﬁseth? é\‘bsgfiteaz@oﬁiﬂrﬁ’@ta Fexiad plyise f an
sem conduct or devi ce; formng a conductive material selectively

wi t hi n clesigehegneal gteh, peasesig26 katvdreedim thmmoppde ekotbde essofblyaltd mapduct i ve
material is bel ow an upper surface of said dielectric material, and wherein
f or m ndneveiddlangrrdseen iditectit 266 @i theedasis of pRIcYssWakdthfles ah@h G RbIRGE 208€NI NQ

conpri ses depositing said conductive nmateri al

5. The

I n said contact opening

wi t houtshalepmdificqnercyaif purenduat ipked MBLE e AireaRAVRs S A dpupRer Surface of
said di ealt%gnri cdqmatozri g)l ; and rgrmvi ngga portion of saird dielectric

material so as to provide a substantially planar
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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
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

parameter settings.

Figure 2j schematically illustrates the semiconductor device 200 with a planar
surface topography, as indicated by 2208S. Consequently, also in this case, the contact
elements 223 may be provided with a desired planar configuration without exerting any

undue mechanical stress to the contact elements 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

provided in the form of a planarization material, such as a polymer material, and may be
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10 surface topography of said contact |evel, wherein after renoving said

portion of said dielectric material, said substantially planar surface of

said dielectric material is |lowered at |east tom;al d uppe_rclsurfgcet of said
onductiye. naterial . 7. The nmethod of claim®, erein said conductive

(r:rat eri ffc\ﬁleg r@@f@bﬁ’i Rlipalios), ;SR dsith cexerdhy seaserial oG shifagy pytipiesy dfothei ng an

el ectrol ess plating process. 8. The method of claim6, wherein renoving a

por t i offoBRciisvel ZP0puitiele pE theeosiarttlemonp P2 3.exhioh mieyr el atyatapeiui siheng
process. 209. The method of claim8, wherein performng said electroless

pl at i ngegesiagstheompt ichesicdbpodi pidegssa26Bt ad ddsdriet | ¥oeB. aTaANiACHe ar ea

formed in a sem conductor region. 10. The nethod of claim®6, further

i slengodl@ntitaiGereh pastess ay e RUANAN b abd BRsiTREEn| 2l ARYe Sakds.
ggggtrjl:fievgormt eri ﬁ p?)i or Sto “{fleﬁovi ng said porstli on ol¥ ggll%g él e@ec Pic
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salg dielectric ﬁirl forcrggl S?S E)ere ence of said sacrificial
e LS ERR B eEe S S TELh S3bhbovt oo
for rmdpﬁ)%}/setor%%hengltegt?gchg;nic%{] gtcfcln})rotcgses, 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
wet 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

elements may be formed on the basis of selective deposition techniques, such as

25 electroless plating, wherein the subsequent planarization of the contact level may be
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preceedi ng cl ai ns.
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20

accomplished without inducing undue mechanical stress in the contact element. To this
end, in some illustrative embodiments, an appropriate embedding of the contact metal of
the contact elements may be achieved, for instance by reliably avoiding an overfilling of
the corresponding contact openings and/or by providing a sacrificial material, which may
preserve integrity of the contact elements on performing a planarization process, for

instance in the form of an etch process, a polishing process or a combination thereof. In

 still further illustrative embodiments, the removal of any excess material of the contact

elements may be accomplished on the basis of electrochemical etch processes, wherein a
sacrificial conductive layer may be used as a current distribution layer. Consequently, the
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.

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. FFurthermore, no limitations are
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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CLAIMS

1. A method of forming a contact element in a semiconductor device, the 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, wherein an upper surface of said dielectric material defines a first
height level, wherein performing said selective deposition process comprises depositing said
metal in said contact opening without depositing said metal above said upper surface of said
dielectric material;

forming a contact element from said metal by partially filling said contact opening
with said metal, wherein an upper surface of said metal partially filling said contact opening
defines a second height level that is below said first height level; and
performing a planarization process to remove an upper portion of said dielectric material until

a planarized surface of said dielectric material is lowered to at least said second height level.

2. The method of claim 1, wherein performing said planarization process comprises
performing a chemical mechanical polishing process so as to remove a portion of said

dielectric material.

3. The method of claim 1, further comprising forming a sacrificial fill material in an
unfilled portion of said contact opening and above said dieleciric material after forming said

metal and prior to performing said planarization process.

4. The method of claim 3, wherein performing said planarization process comprises

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

5. The method of claim 1, wherein performing said selective deposition process
comprises performing an electroless plating process and using said contact area as a catalyst

material.
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6. 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, wherein an
upper surface of said conductive material is below an upper surface of said dielectric material,
and wherein forming said conductive material selectively within said contact opening
comprises depositing said conductive material in said contact opening without depositing said
conductive material above said upper surface of said dielectric material; and

removing a portion of said dielectric material so as to provide a substantially planar
surface topography of said contact level, wherein after removing said portion of said dielectric
material, said substantially planar surface of said dielectric material is lowered at least to said

upper surface of said conductive material.

7. The method of claim 6, wherein said conductive material is selectively formed in said

contact opening by performing an electroless plating process.

8. The method of claim 6, wherein removing a portion of said dielectric material

comprises performing a polishing process.

9. The method of claim 8, wherein performing said electroless plating process comprises

depositing a metal directly on a contact area formed in a semiconductor region.

10. The method of claim 6, further comprising forming a sacrificial planarization material

above said conductive material prior to removing said portion of said dielectric material.

1. The method of claim 10, wherein removing said 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.

12. A contact element in a semiconductor device formed by the method of any of the

preceeding claims.
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