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A further issue arises from the fact that copper may not be effectively applied in greater amounts by
deposition methods, such as physical vapor deposition (PVD) and chemical vapor deposition (CVD), which are
well-known and well-established techniques in depositing other materials, such as aluminum. Accordingly,

35 copper is now commonly applied by a wet process, such as electroplating, which provides, compared to
electroless plating, the advantages of a higher deposition rate and a less complex electrolyte bath. Although at a
first glance electroplating seems to be a relatively simple and well-established deposition method due to the
great amount of experience gathered in the printed wiring board industry during decades, the demand of reliably
filling high aspect ratio openings with dimensions of 0.1 pm and less, as well as wide trenches having a lateral

40 extension in the order of micrometers, renders electroplating of copper, as well as other metals that may be used
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noted in context with copper, a wet-chemical process may preferably be employed so as to effectively provide

large amounts of metal at reasonable deposition rates. For copper, eleciroplating is typically the presently
35 preferred deposition method due to an increased deposition rate and a moderately complex electrolyte bath

compared to electroless plating.

- For reliable metal interconnects, it is not only important to deposit the copper as uniformly as possible
over the entire surface of a 200, or even 300, mm diameter substrate, but it is also important to reliably fill the
openings 105 and 104 that may have an aspect ratio of approximately 10:1, without any voids or defects. As a

40 consequence, it is essential to deposit the copper in a highly non-conformal manner. Accordingly, great efforts
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compared to the non-patterned region 106. Consequently, clearing of the surface of the region 106 is delayed

and a substantial “overpolish” time is required to substantially completely remove any metal residues from the
35 region 106. This may cause an increased material removal in the openings 104, 105, which is also referred to as
“dishing,” and may also lead to increased removal of dielectric material of the layer 102 in the vicinity of the
openings 104, 105, also known as erosion. In addition to these deleterious effects, the non-uniformity of the
metal removal may also affect any endpoint detection methods, such as methods based on optical signals
obtained by light reflected from the metal layer 107 during the polish process, based on the motor current
40 required to establish a relative motion beiween the substrate 101 and a polishing pad, or based on other friction
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and may i %%r?%eg bl g%g%él n%gﬂr?gigarﬂ)t I S g%ef ut ogﬁﬂ%egs{'&ngsgﬁfo gdggl}rgea% 6%{%&%' ew
of the ab&iay g thrbemigt! ppthanisel polishing@rere®xi st s to provide an el ectropl ating
process that According to still a further illustrative embodiment of the present invention, a method comprises

determining a surface roughness of a metal layer formed over a dielectric including a patterned region and a
35 substantially non-patterned region. A portion of the metal layer is then removed by chemical mechanical
polishing to expose the dielectric in the patterned and non-patterned regions, and an endpoint detection signal is
monitored during the chemical mechanical polishing. Finally, the monitored endpoint detection signal is related
to the determined surface roughness to determine an optimum surface roughness for a desired signal/noise ratio
of the endpoint detection signal.
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According to yet another ' ﬁsa)t@gt(f‘élel{%é%ﬁ(mn of 't e&pr esent invention,
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development of any such actual embodiment, numerous. implementation-specific. decisions must be made to

30 achieve the developers® specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Although the

35 various regions and structures of a semiconductor device are depicted in the drawings as having very precise,
sharp configurations and profiles, those skilled in the art recognize that, in reality, these regions and structures
are not as precise as indicated in the drawings. Additionally, the relative sizes of the various features and doped
regions depicted in the drawings may be exaggerated or reduced as compared to the size of those features or
regions on fabricated devices. Nevertheless, the attached drawings are included to describe and explain

40 illustrative examples of the present invention. The words and phrases used herein should be understood and
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reality, these_regions and _structures
define a first patterned region 210. Adjacent to the first region 210 is the substantially non-patterned region

30 206, The region 206 is designated as substantially non-patterned to indicate that few, if any, trenches are
formed in the region 206 relative to the number of trenches formed in the patterned region 210. It may be the
case that some trenches (not shown) are formed in the region 206 but, due to the relatively small number of such
trenches and/or the relatively small area occupied by such trenches, the region 206 behaves, with respect to the
deposition of the metal layer, substantially like an area without trenches formed therein. In a typical process

35 flow for manufacturing the device as depicted in Figure 2a, substantially the same processes may be performed
as are described with reference to Figure 1a. :

Figure 2b schematically shows the device 200 in an advanced manufacturing stage, wherein a copper
layer 207 is formed over the first and second region 210,:206 with a barrier/seed layer 208 disposed
therebetween. The barrier/seed layer 208 may be comprised of materials that effectively prevent copper from

40 diffusing into adjacent materials and also provide for sufficient adhesior} of copper to the surrounding dielectric
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“overplating,” which leads to the formation of an excess layer on the first and second regions 210, 206. In this
embodiment, during the formation of the excess copper layer, the amount of leveler is controlled, for example,
by dosing the amount of leveler during the preparation of the electrolyte bath in such a manner that the average

35 surface roughness 212 is obtained.
In other embodiments, an electroless deposition may be carried out, wherein the amount of the leveler

is controlled in a manner as described with reference to the electroplating process, to thereby create the average
surface roughness 212.
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el éBt r ol yelgivplyhigh d&*ﬁtﬂiedvgh rﬁﬂyct@@h ofeqepienndd thepaish proghsatroghssebattin® poict, Lk ng
about 1 wkfitadce 2@y &tm\éﬁéhﬁ{/ inrleastlRY the su}ttt% of {fP 's'lﬁ'ﬁtra%f 10"11 ch%Mgsl ﬁea&t{gl}p&/éngﬁgr%}er .
signifi CarQJuJ:ng £c§'glé8 ?'(gjh %t %ng r}.)(())n)l(tl 13, surgcey polrtl%gssmay become cleared and the total reflectivity is
reduced, thereby decreasing the endpoint detection signal. Since the beginning of substantial material removal
may be delayed in the non-patterned region 106, the slope of curve B is relatively low until, at time point t;, the
35 endpoint detection signal indicates that substantially all metal residues are removed. Thereafter, a further

overpolish time may be added to assure the reliable electrical insulation of the metal lines formed in the
openings 105, 104,

Contrary thereto, curve A may start at a relatively low magnitude due to relatively low reflectance of
the substrate 201 caused by the surface roughness 211. The optical appearance of the metal layer 207 may be
40 hazy or milky after deposition. During the polish process, the roughness 211 is reduced, wherein the material
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W% In one enbodinment, the |leveler may be substantially conpletely
omtted. It should be noted that the terns |eveler and brightener are used

synonym)u?,by s3hal | indicate an additive that acts

surface o 2he copper | ayer 207 when applied as in the Pté%nven |or%g{]

techni que. Moreover, any of the conmmonly known accel erator, suppressor and
| evel er coTRIVAL A OG5y 2t ke noa-petempd T&%‘%?Q%?’I%@ thel Riwalited lmtesae@ftmcrwé Aevinfiyce 25
The accel eomt Therefsrythe Erdipoid XewoHbiesignblerissCHip &hﬁﬁﬁhh@;maﬁﬁﬁrﬂl%&@eei‘ﬁiné gahﬁe;lt,aﬁd :
The suppr Bt of a po ene

type pol yﬁriee?%ef i ca % seve?gm‘&'sO&&Sf1 erab Q a¥e ed°°8‘f°m% case,

pol yet her res‘ﬂi%l‘hij“?‘?ié‘°@)@f)6‘§‘@ﬁé’%’ﬁ’t% Pg’mﬁsizt &-cDuedo ﬁl‘hséeemlr émelo&%é, theed, a
c lﬁr rent obf mppaﬂpprbmsenawayes&saa ﬁibﬁ&alabﬁaemfaﬂwet el owa;oﬁmﬁﬁmcl tgnt& tﬂeh@talfﬂloilxéh of

t he openi ash su tantia

avoi di ng ?'%%mfa’g§é reg\g °u19%§é1 r;gr?dwtéeéegpn% FERT dltf“ﬂlg’ °S Oegres B9 For
exanpl e, Q&Y Ae@@é’oltheﬁwﬂnogﬁel@e ofguyeel &y e tivegisonlces lsrmbautré dpieﬂofthnrmdsaio
reliably f;tedphesgaem@paem ngs 205, 204. As.previously . explained, the reliable

fill of especiall renches..204 or even a 300, nm
substrate requ?nr S létus%ae?{ete%ﬂé’m“&vaerre fiopy 3y, é’e e“é\ﬁl‘fhéﬂ%ﬂate‘?i‘ ses e pErelptiop Pl e on
of Hh exc eusigoitaigteqtionyyignglitethe dverage surfade roeahuastl212.T this snd2dllyralR0@ subbtratet 2O1Sin the
enbodi mentorm @Fﬁx’o&lﬁt sﬁﬂﬁat@s%ﬂ&ttésgﬁb&fateﬁ Ry ggﬁ%&%e@@ﬂ%ﬁstahﬁ’aﬂ? Ed]!;ntlceh% H:ggs
uring

| eveler is contr or eve
the prep aPﬁ%“i‘e{?ﬁs ‘51?“ ﬁf“gge R PV%?V?WEF%Z o8y @ﬁ%ﬁ %Pdﬁ"é*ﬁ‘?ﬁ‘é? ‘h? oEsPenqing &‘\9‘@‘?“59 e
35 sur f ac detgetiongsiegnd s Theat@age surfadstravighrest. may be determibdddby medkintxal, opeiadl, Syeclanical/optical -

el ectr ol espglePAsdsirinn: ﬁﬁaneQ@ W@Eéﬁoﬁﬂw%py, \9{;&%@& farc%] fero It o fiid NE

Ievger is coptrolled in manner as descri énce to the

el et ropl at i ngtig¥Hé dgraeg 4 e‘f’?f&‘?"%@ example, fop 2 felption e foe Sl"@il?ffﬂé?éédpf’lﬂtf&ﬁﬁé@ s
212. -7 ¥@aPo0 403 7HBR ZuiRCH foulBAGH 3120 Alh 1] didifdre khe Tni’agmﬂhpﬂﬂietslo@ﬂ oiOtfle éddpoint

copper | aX&qu(%Q?gnalg B@nesdr Risde rpleSontXB pﬁts aneal apito | ﬁgféteﬁ?é?@g?o? ﬁ&ﬁjﬁﬁr Ity

of the copper, é is, to |ncrease grain tes,
t hereby i E’p‘F WF’H‘&“’ rrd Bl9fed Ygps thR gverage é'eiaffi re‘éﬂhn%?iau@fqn\/?htsyelaMan@am@reﬁte t he
subst r at ea28fe sfasubsbeisathytte eatrChl yiidiGe ¥6n ihd e ABERt CHREIS Sreihp @lid Atfacof

t heZOI ayer l'og ess 51 12 %r ;ntlﬁlcp%{ fl é ll Stﬁeeiﬁgjg?%lx{f% ﬁ%eﬁngd gﬁsth% 81&@%? ?or tth@ea,veraée

dielectric Jayer_ 202 for rOVI
- The CWP pf"6f€‘§§§“gh‘§§1‘ @Wﬁ‘eﬁ /s ?ﬁﬁa °ﬁ1th1°a MY &p ﬁm?yﬁ‘? £ox ebtainjre the) ergeta‘@lu&r & other
\(/jvel | f k nowembodimiitg tha ttdtal ¢ ofriigp polishidg proteks, bt if) i@ Sife Gbm tHa eeg@MBg Eﬂ’t@&ﬁ)ﬁﬁm pracﬁsg

ownf or ce
cl vt | onz gl b fedlfy gk el e €0k AN B, b St b B sl
t her ef or eTUHEFS rAlh?PPW%‘f?E?\f%et Y”é“e im9y them beesglegisdsas ﬂrer?aswtqﬁ éﬂssfe‘ét@nsélpr oyl instancz0if .
Corzsequentht abthiyted rélbtndipSepliikip antiyim@i, his Mgk titdrPolish GhvaRy indose fb afgropane t he
second 10 redions 210, 206 may be renmarkably reduced conpared to the
conventi onal  appr oach described earlier. In one illustrative enbodi nent,
the CVP pr oces® spae cubpdimests, tha pverggs syrfacatenghnessy 2l haydn varisd proortolleddy eontrolng at
tS ihg {1 al . ABast @0 dfb@dsmaradﬁthﬁﬁ the Plting lpgitaé%& %e(@)&']i:ijéectb@rh&e Mﬂ&ﬁﬂm@ﬁbﬂ%eﬁ@ﬁl& Rebuhtioght

at isr e.s ate

other ¢ asglse o ?’htﬁedphft{’% Al Siide ee#é’ 0?0 Tt ’ﬁe aver%%g é'ﬁgfe f?‘@ﬁ‘fﬂ@é%@éﬁfﬁ@ﬁlﬁ%’h‘ t he
mot¥r tor ’Eﬁl&@ns}lﬂmtde*@ed %betﬁmheﬁer@e«r to Mti"andrﬂ rRpeathegbtianfhipe ehditles atargsievaloot | on
bet ween t femhéaeaid sifRe ihnedd) # oBtaihASA RAd: onkPrd2adk pRdMerRs) sREL the leveler concentration,

may be controlled in accordance with the target value.

With reference to Figure 2c, further illustrative embodiments are described for forming a surface

roughness at least over non-patterned regions of a dielectric layer. After forming the device 200 as depicted in

35 Figure 2a, the device 200 in Figure 2c may be formed in a similar fashion as described with reference to Figure
2b, wherein, however, a pattern 213 is formed over the non-patterned region 206 of the dielectric layer 202. In

one embodiment, the pattern 213 may be formed in the barrier/seed layer 208 by, for example, an additional
lithography and etch step. The pattern 213 may be'formed'in a screen or grid like manner so as to provide

electrical contact between neighboring elements-of the pattern 213. In this way, the current distribution during

40 an electroplating process is only slightly modified and may only negligibly affect the overall electroplating
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15 may be used to assess the progress of the polishing process, since
different materials typically exhibit different frictional forces. For

i nstance, wahgsy@7ssybst antial portion of the second regipg F)%Q(ﬁls)m?uﬁ’l r eady
cleared, the notor current may decrease for a given revol ution speed
since the barrier/seed Ia er 208 mag have a |ower coefficient of friction

t han coppdf*® I 8@*55’(‘,‘?‘?% §ithe; Rtern2dP maYIontsohe Peayided At the pmasy sublaxer ef fhrjeirigyseed
det ect i on layér@0gIwhich ltwlcamcts)as 4 el layeo| Inshi dag, @e ameasmsm&moba t&%ﬁﬂﬁ@&lom t he

basis of thig p?dcgsg by refife ﬂﬁ)&ﬁébﬁ uhdﬁ%&&iai?gfgk@l e ﬁ% e p%%egx N§ may be &rovgdlf(il 8

removal in accordance wt resent 1 nv ol

si gnal e b #dtienslresishpatterp foriped on s piperwiseintact hardierisad layrs P8s hi ng process Fi gure
3 14 ust [1 at es aferakeepipdrarls ig feaped, thapMﬁlig@Fbcétﬂls@&tmﬁddﬂzhe&hW&ar% BathXedel ﬁ{a

r t r t he di agram o
versus the.pal g 1;9591 be d!séﬁe pub 8 &Q%Yneﬂh QIS percps smonltsmo éet% é%?cc%gangeygﬁ T

representatlve snoot tlca
depi ct ed; M5hdegattery ?ﬂé ﬁb‘l"’l%w %crewgfaerfﬁﬁ rembnew&}ft r Buattatiey; flytherapqsbssiegioft 0
curves cr ﬂﬁtsﬁ!ﬂtra?ézd]ym@rby codtine@t ae RSl vEtE ré&éntOR Fffgu&mmpu&x thé @m%&e@ A

(dashed Iipe sent it U tlc ection
si gnal for e %@taﬁgt&n&gﬁtﬁr@ il bl(gsh’elalﬁ)r En% 8“&? ngmf’gﬁﬁrhﬁ@s%" Pl
wheleas aswbgeply the eqm?eaden(asqslwacmewé)as fie he ensevionsly téseribesh emboilimentsle Moebienn
si gnal Obi@hﬂ@&b&r@h&ﬁﬂ@%ﬁo@ﬁb&] sufacPiodh8&Sad V&H%ﬂe&% ﬁyaveraﬁﬂﬁggh@&d;o tch

substrate poi nt. t S start
and, for aﬂ'Qth? ‘fntena ?""“ﬁd cf“o‘r‘{lrtlheﬁfm’r"f 5‘?7’:?3#8 4\%"(% %@ﬁ%’ﬁf‘%ﬁ?ﬁﬁm ég'éﬁdng
t echni quedboyevithrefergce tofFigarei2n| t i al refI ‘ectance may be 30 rel ati veI y high due

to the high r eﬁﬁeﬁﬁ&ﬁﬂ%m@&nﬁ&ﬂ%ﬁoseeﬁ@oow"ﬁe ﬂﬁitx'a@a oﬁ@%%ﬁmﬂﬁtﬁg bfay ﬁ@ﬁlocﬁﬁdt i me
poi ti, the i till surface

ectance | nG
t heﬁtsubst g pLecticsq i dIfers ﬁgbsu %%%"EW&F el é’@‘g '«ieﬂ @HW&S‘G ?E“&ﬁtt%f‘hed
| i ght. At tepchiggs keesinat Far Zxampley ﬂiameicesg)s:xtS|Sdr®rthraq,onam&obnepedbmd éda difidretithopdet. Ot al
refl ecti ViddhernSre, foSlEhiGRis ark Iﬁﬁén@é&)fo 4 QLHR Dk Rastubi®on Q,P 9&3@1‘1 Hér%ngﬁlgﬁl? toh@Nma! gnal .

Si nce the be n|n of subs % 6# erjal repoval ayed 1n the
non- pat t eFRa mf(? Wt ‘1’%?5 evitent gt g pagicplar ‘i“@?d&‘f“?ﬂf?é’fsﬁﬂ"ﬂ%ﬁ?°¥ﬁft"‘}ylbe at
ti me poi ngltereg, or Mvélﬁ%at@r@pwpmwartdmeanelmm@eg mdthin itiedicomet 88 spittiadf the invention.
subgt ant i ﬁl:doﬁﬂmﬁlklltherﬁ‘&@honrsﬁéhtdl&@iﬁ s &t HRATRUE GaimI DEFweaf ter, a further
overpolish time nmay be added to assure the reliable electrlcal i nsul ati on
of the metal lines formed in the openings 105, 104. Contrary thereto,
curve A may start at a relatively tow nagnitude due:t:o relatively |ow

refl ectance of the substrate 201 caused by the surface roughness 211. The
opti cal appearance of the netal |ayer 207 may be 40 hazy or m | ky after
deposition. During the polish process, the roughness 211 is reduced,
wherein the material -8 WD 2004/097932 PCT/ US2003/041181 renoval also
occurs at the non-patterned region 206 due to the plurality of |ocations of
i ncreased downforce 209. Therefore, the endpoint detection signal rises
and may reach a maxi mum between tine poi'nts ti and t2.  Thereafter,

cl earance of surface portions occurs:.at significantly |arger areas conpared
to the conventional case, resulting in steeper slope of curve A between
time points tz and t3. Due to the steeper slope of curve A the end 5 of
the polish process may be assessed nore reliably. Mreover, the overpolish
time and thus the total polish tine my be reduced.. |t should further. be
noted that, in general, although not shown in the representative

(
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curves A and B, the signal/noise ratio of curve Ain the tine interval
ti-t2 is enhanced due to the increased steepness of curve A In one
illustrative enbodinent, a relation may be established that expresses the
correlation of the 10 endpoint detection signal to the average surface
roughness -212. To this end, a pl urgé;;{nésof substrates 201, in the form of
product substrates and/or test subs may be processed with

substantifl |y Adeethodalf dégdositingca stetab overmatsibstratd Richiding 2edisleetrioe
surface roughness 212 may be varied and related to the corresponding

endpoi nt la¥ek avingnasp edTragieR angy@ substaptialy ngRrRatterpgad e8It er ni ned
by mechary i [aF:1; i cal roughness neasurenent
instrum%gﬁéggﬁ)ﬁegﬁﬁ%ﬁﬁ%@ggﬁ@ﬁ{?%y atom c force mcroscopy, and the

| i ke. 515 Fi gurexpdsirigl seid sabstrate toegn electrobite batlesarms!to fan-cenfomhallyi on

bet ween t he Slcl)'ﬁeaff t he,endpoi nt detecti on . Si q‘{é%l nd .t he average surface
r oughnes %.’t ¢taf A frtgm4 'topﬁgcmﬂH?t"bﬁﬁ'dgﬁa ReGregRNof the endpoi nt
detection sighghfingdhn Wieds fREA boer 78N 'sald WanBAHEY, Tedioh Ny 38id
appropriate interval, for exanple the interval 't1l, t2, Ts determned and
pl ot t ed \substantialy nanegaitgenedirégior; r oughness 212. Fromthis relation, an
appropriate aver%ﬂe S rlf ac§ roughness na e eﬁ ragged . which is jhen used
as a target v &y NI FGAP RGN REOSTHS BRIETMRET 8 tﬂ?n MaYion pregess okt ance,
in Figuresaid exbessTrmetaLByER I adfirtiaserface wlfgﬂr%rsgeéfbéefaadé l!ﬁ(lcggée giéftggver age

surface roughness. However, any other criterion may
obt ai ni ndayéfeon dhg dases|afean phtained relainh htitwean said surface aoughnessof t he

polishin £ . L . begi nni ng_of the polish
Process A ERaRcterid ir crietficel BchaRighlrdish iy 8RRty Snd pecl T ca

mini mal val ue,renwirgesdidlexcess hiethhNay@visy si8smival iehanicalpol . An
appropriate target value nmay then be selected on the basis of this

rel ati onship. For instance, if 25 the obtained relationship exhibits a

m ni mym 4 hi s N} 00k i i; . Qg iate
surfglée r%ughr?gﬂsé; Iﬁ?i%@%ﬁ%%ﬂ%ﬁ%@%ﬂéxgggér ggéetgls[uas, glgsg%rrgrgég ir?i‘ess 212
may be vaaicelentrobyde thath bad daid @b idastidnengroatss lpararhetsraepresentsthear anet er
of the plati n8 gr_oce ) deﬁcri ed, e%lier In a particular enbodi nent, the
amount ofCONCENERLRN Phadeneler aecling pwwaﬁewa&& pka geetablaysr fsmegh y t he
average SHih 212 for establishing the 30 relationship as
descri bez abg\Plgeém‘?dt,lI reference to Figure 3 and 4. Once the relationship,
and thus a target value for the average surface roughness, is obtained, at

| east__one, process paraneter,, such the | eyel er, concentration, y be
cont 281 | g’ﬁ i nclj'tecdﬁﬁg"ﬁgeﬁ/i F'ﬁ'mﬁe \?ligr&g} A u@‘.EeCW’F r Rathr s PB{Tl"Ei gur e
2c, furt hynfigliddsfof aldcyephitingdi ments are described for formng a surface
roughness at | east over non-gatterned regions of a dielectric |ayer. After

form ng the device 200 as depicted in 35 Figure 2a, the device 200 in

Fi gure 2c¢, may kn,.a simlar .fashi on as .described with reference to
Figure 25‘,‘ Wmﬁ% ﬁ‘%&'ﬂ%ﬁ@t&h’%"'p‘e{b?@'ﬁ réeving ??}8mea§épetl\gh g6 -ypatterned
regi on 2Qpesiicilitheshaticsl ipoliShing edompiives dsﬁhgg 8AenApbRA ideksttiontdignatat tern 213

may be formed in the barrier/seed l'ayer 208 by, for exanple, an additional
i th@§raphy and etch step. The pattern 213 may be formed in a screen or

grid |likeg man i I j ont Lghbori ng
el enent S%Of t wepag Efg"?’ng”’(z)“@m%nﬂ&meg c&ﬁiﬁr‘sﬁﬁe{qﬁﬁ% s%%ﬁﬁ%@&?ﬁ%% duri ng
40 an el ¢hatisgubbtantially ietttical © suid subbirgle! toysdid @lddteiyta whthiey oy
negligibly affect the overall electroplating . .
rion-conformally deposit metal in a bottom-to-top technique in a patterned
region;
30 forming an excess metal layer over said patterned region and a

substantially non-patterned region of said second substrate; and
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-9 WD 2004/ 097932 PCT/ US2003/ 041181 process. In other enbodinents, the
pattern 213 may only be provided at the utnost sublayer of the barrier/seed
| ayer 208, which typically acts as a seed layer. .In this case, the current
distribution at the initial phase of the plating process may remain
substanti al | y gmaafif ent &dig ! r ; , fern be
provided as an a di%'?‘i %%!% e{ﬁg Pfsdff %%?’E:ggﬁaggbﬁéd%gﬁm?ﬁg ghlgravg\fsdﬁynt act
barri er / yredessaparanist@r obthef foematire ppadessrof saiBexcessanetal layehof shiak | ng

rocess i er.f or ned er.ei tandard bath regci and process recipe
oy bo uSBEORRIEES(a {2 BHEELR SLBRGS TPUSAOShSor S8 SEPEY BIRASNGIPY | cd 1 n
accor dancgigsblord'Substrder | ying pattern 213, resulting in the creation of a

surface. roughness 214. Thereafter, further processing of the substrate
201 may be continued as is described with reference to Figure 2b. During

he CVP ial | al ion 206 .incl udi
the non- it + er M e{HiAET BoyBerdn3 uabfhess Se SGReitRalendPaint “same
advant agefetédtonesighaMs isad foncdrifolligeyaif i least @megresessaparafietent s.

Moreover, regarding the formation of an appropriate surface roughness 214
Wi th respect to an average height and/or pitch, all of the criteria

rbodi merlts dais UG Tol bl e th8el R ER B4 The par 1 cul ar
enbodipmrent s di scl osed above are illustrative only, as the invention may be

nodi fied 15 and practiced in different but equival ent nmanners apparent to
t hose skidl ed A methed ofiforming,g refallizatien ilayesr of a semiconductersdeweei n.  For

exanpl e, set forth above nay be perforned in a different
order. rfh‘?méé*?‘?rg?’éﬁ‘%ﬁﬁsm tations are intended to the details of

construction qrovidiigna substiate Hlaving, fortrieer tHeheon asdietbetide idyed with tahe cl ai ns
below. It_is therefore evident that the particul ar, enbodi nents disclosed
above mayirlegign @P@@ $rconsragiony %‘érfl'é?ftlregﬁ@rfngléﬂpl"& Yigs ang, e dered

wthin t [ ; i i ; i h
br ot gt | o 155 TR 3P Hicthl, Raid BecpR iRl beind sAFRAAAINS MO o m
1. A net hrenchesdmpodas tonbe flledwith metal; a substrate including a dielectric

| ayer having a patterned regi,on and a substanti,ally ngn-patterned region
formed t her ei rﬁx%f’ﬁ@grrﬁ? ogURHf ‘Fi{:q RY: eté Q%it}?éhs igﬁls%b‘itvﬂ%ﬁ @Y% an
el ectrol yteghchashin saidifirst PediBA -SRI AY exB88PRidtalMByéf olér Sailddirstom to-top

technique in said patterned region; formng an excess netal |ayer over said
pat t er ned@ndegeenndhiegions.dwhergintansurface yroughness akreast ofegaidnsecandt rol | i ng

et o) ayBoons iReE 0T o Bngh i Al SRin ARS8 6 200 henare ity cr on

the basegndf an obtai ned rel ation between said surface roughness

removing said excess metal layer by chemical mechanical polishing,
wherein said surface roughness of said metal layer above at least said
second region promotes the removal of said excess metal layer above at least

25  said second region during said chemical mechanical polishing process.

9. The method of claim 8, further comprising generating an endpoint

detection signal during said chemical mechanical polishing of said substrate

and stopping said chemical mechanical polishing on the basis of said
30 endpoint detection signal.
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and a characteristic of a chem cal nechani cal polishing process; and
renmovi ng said excess netal |ayer by chem cal nechanical polishing. is 2.
The nethod of claim1, wherein said excess netal layer is forned in said
el ectrolyte bath and said at | east one process paraneter represents the

concentr on I f S | ayer

f or med ?'frp salﬂ{e f“ (\rﬁc;lo$t !aa?i‘lﬁ)" ?%ﬁ% rgggl?h%urff%%ergga%é%%/g %‘?@Stg%@rei n said
el ectrol ycontindling iat leabbitdne prodessupacarheter eieig aheabkpasurd. ofTlsaidret hod of
claim1l, V\L/@,érel n r ITDVI n sa| lgﬁgxcess metal |ayer by chem cal mechani cal
pol i shi ng® FFBF‘?% poi nt detection signal. 25 5. The nethod
of claim4, further corrprl sing exposing a second substrate that is
substantially identical to said substrate to said electrolyte bath so as to
non- conf oT‘maI I'Ehejmnﬂabd ofmlairn iBn wheveint said tai-least ore pnocpss paramegtet t er ned

regi on; an exce nmet er sai.d patterned Lon and a
subst ant |r§Pf§Iseﬁ‘ %tctoé'FﬁB %03@ 6?&%%5 gifecting the; sy ppgtqyall%%f 211 based
on said Qﬁé@lé}fermirpébxé%ol S ol | ng at |l-east one process
paranmeter of the formation process of said excess metal |ayer of said

second substrate to adjust a surface roughness of sai d excess netal [|ayer
of said 2CO S r 6. Jhe h aim5 V\/n lh.a steepness
of a slop nﬂ}ﬁ %g{%‘&? 5 aa'metgecﬁqdnﬁto Ofgﬁﬁ?r [COMRISING 7S %@lﬁhmﬂ & ng said
at | egst r@ﬁﬂmﬂ%@tﬁéénl@éi@é@’fﬁe roGghhBss BRE lRa/l endpding d@técttdl’ﬂ&bﬁéﬂ sai d
metal conprises copper. to 8. A nethod of formng a netallization |ayer of

a sem conductor device, the nethod conprising: providing a substrate

havi ng f d r r ' . fi egi gn second
egion shra i rnetho B gt 2 hHEL rhbidlng hiotestBE: 858 S0 th
a netal , slmstfamfblmtdmr egbstanﬁallyntde‘mibal tntsaid lsubsestel By dxpdsirgnebrs and
vias to be fille nmet posing said substrate to an electrolyte
bath to f§acend.g sgrpgg tqjﬁald electro|yte bath, wherein a surface roughness of a

15 second region of said second substrate is adjusted on.the basis of said

relation between said surface roughness and said endpoint detection signal.

14. A method, comprising: ,
determining a surface roughness of a metal layer formed over a
20 dielectric including a patterned region and a substantially non-patterned
region;
removing a portion of said metal layer by chemical mechanical
polishing to expose said dielectric:in: said: patterned. and: non-patternéd
regions; A L
25 monitoring a polishing: time for substantially: completely clearing -said
patterned and non-patterned regions; and
relating said monitored polishing time to said determined surface
roughness to determine a surface roughness' that results in a reduced
polishing time. ST IR
30
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trenches in said first region and to forman excess netal |ayer over said
first and second regions, wherein a surface roughness at |east of said
second 20 region is adjusted to be in a range of approxinmately 50 to 400
nanoneters; and renoving said excess netal |ayer by chem cal nechani cal
pol i shin =3 | k I h of, 1S3 of al. &l{)ﬂ)eat

| east saig‘I | ‘é"g@orﬁ%fﬁp gg‘?&%%@%ﬁ?%é%?é%v%b%?ra g%gfél GI?d é?é(%g@g'meta | ayer
above at layeisthavitly sapdttemedndegieni and dursubgtasially atorrpatedrned clegivreal

pol i shing _process. .9. The hod of .claim8, further conprising generating
an endpo%ﬁ?meézﬁ%rﬂq’éhegi'%}ﬁg CAOMNSY%ai d cheni cal mechani cal polishing of

sai d substrat ' | ' 5%?3 | |_Sh t he

basi s of sai d%xﬁ%@%i@?ﬁdﬁgg?gcﬁ %'E%‘sauﬁﬁgft - Q?gf&' t?ﬁgdnéﬂfggngw cl ai m 8,
wher eisn sdgpbsiumetat in a botfbmetostapstechiniquednl shig patterhedrédion; at | east one
process para r.during the expqsure, of sai ubstrate to_ the .

electrol yte E?Pﬁ?“@ g S dI%éf F aver rﬁaééj Rﬂiﬁgfré‘?dr’] regipp afd 1saitkt one
process mn)%fﬁﬁtfélIY noRPRP RERNES rééﬂ[gnponcent ration of a. leveler affecting the

surface quality of a netal layer formed in said electrolyte bath. 12. The
met hod of cl ai¢andralling atleast one progassqearpmetenduring thenformiation of saich

13, “he CRaa My aCRReRIaA0R o BHRREE Ry et SpRLeR R eBLBRR R < O
substyoat e t hatrehfovind saithiexeésy metantdyen! by ehemiichl SHBshdMcs PolishirigPsi ng
said second substrate to said electrolyte bath, wherein a surface

r oughnes<USig aniendpeit dgtedionsignal: sai d” second substrate is adjusted on the

basi s of said ' ' WalnNass: | d poi nt

dot ect  on o griaiPosi, ¥ sREONE it Al e SURHIRRTTIGBAGea el SBRF

r oughnes subistratertd aaidl elgetroli/ter baih sves te noPRcshfermaly deposicingtalrig

patter neg:r r@g{i\gg an%% substantial ]y non-patterned region; renoving a

porti on drOtOm{o-fen tachnigue inisaid pattergd regioRani cal - poli shing to expose

sai d di el ect rigrminan apal t ) g Apnrd £01 25

noni tlgri ng a pfgm“s [ r?g' F?crrgégf olﬁé%ﬁgg{lﬁt i Sf {gﬁ%gﬁéﬁ{fgpggymg‘%ﬁr% asai d
substantially non-patterned region of said second substrate; and

—

based on said endpoint detection signal, controlling at least one
process parameter during the formation of said excess metal layer of said
second substrate to adjust a surface roughness of said excess metal layer of

20 said second substrate.

16. The method of claim 15, wherein said excess metal layer is formed in

said electrolyte bath and said at least one process parameter represents the

concentration of a leveler affecting the surface quality of a metal layer formed
25  in said electrolyte bath.

17.  The method of claim 15, wherein said electrolyte bath is a bath
configured for electroplating.

30 18. The method of claim 15, wherein a steepness of a slope of said
endpoint detection signal is used for controlling said at least one process
parameter.
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patterned and non-patterned regions; and relating said nonitored polishing
time to said determ ned surface roughness to determ ne a surface roughness
that results in a reduced polishing tine. 30 -13 15. A nethod of
depositing a netal over a substrate including a dielectric I|ayer having a
patterned region and a substantially non-patterned region formed therein,
the met hod conprising: exposing said substrate to an electrolyte bath so as
t o non- cot-or rrEE’I‘EP metiiodiepelain 1%em|e_r¢in saidotetalmomprises doppkni que in sai d
patterned region; form ng an excess netal |ayer over said patterned region
and said substantially non-patterned region; controlling at |east one
process [R0.aneTies ntkthbd ®ftdigint qsrrw“e@em%ana%ﬂterﬁé&?@@oﬁﬁhahdééws to

adj ust a surface roughness of sald excess netal |ayer7 10 renoving said
excess mdiafing afhamsfﬁr@ﬁaﬁpwama&iﬁgn1 paloess.shi ng - usi ng an endpoi nt
detection signal; exposing a second substrate that is substantially

I dentical to said substrate to said electrolyte bath so as to

non- conf @1al I'Thelenstholl oRtRImI 152 whepéihOY $ifdceP rdRfHiels
patterned region; 15 forming an excess mnet al IayeF over gg?%é%at‘s’?'edrjned-

regi on arRatie n%d.ll:f?ﬂ!i’rﬁ‘t 2af| 9 sfagmtroughRess @gove sHid ssubstantiadiydnenbst r at e;
and based, S &qapé Q{J%I%g(irﬁgfﬁﬁfggﬁélgnal controlling at |east one

process parane ur| ng of sai'd ‘excess metal |ayer of said
second substrate to adJ ust a surface roughness of said excess netal |ayer
of 20 s 'd secon sg strate 16. The nmethod of claim 15, wherein. said
excess pd of Jerratng & metallization dayes of @ semieonducteradevige, | east

one procqRs nﬂﬁh?ﬂ‘%ﬁ{ hfy-esents the concentration of a leveler affecting
the surface qualit c?fr g{amstal | ayer formed 25 in said electrolyte bath.

17. The net hocprandMgaarsubstramawlng fommedethecéor by dieldotid) layer avilifiah
o O e i) 550 Re@hclybaioh, said first region including vias and trendres. " °
15 to be filled with a metal, said second region being substantially devoid of
trenches and vias to be filled with metal;
exposing said substrate to an electrolyte bath to fill said vias and
trenches in said first region and to form-an excess metal layer over said first
and second regions, wherein a surface roughness at least of said second
20  region is adjusted to be higher than approximately 50 nm; and
removing said excess metal layer by chemical mechanical polishing,
wherein said surface roughness: of said ‘metal layer above at least said
second region promotes the removal of said excess metal layer above at least

said second region during said chemical mechanical polishing process.

25
23. The method of claim 22, further comprising generating an endpoint
detection signal during said chemical mechanical polishing of said substrate
and stopping said chemical mechanical polishing on the basis of said
endpoint detection signal.

30

-15-




endpoi nt detection signal is used for controlling said at | east one process
paraneter. -14 19. The nethod of claim 15, wherein said netal conprises

copper. 20. The nethod of claim 15, wherein said patterned region includes
vias 5 having a dianeter of approximately 0.1 mor |less. 21. The nethod of

cl ai m 15, 24her The ntethod beRirmh 22 mﬁéi_naémdguﬁaé@ro@hbgé adfustdsy and a

surface rouqhness above 'saidsubstantially non- patterned region are
appr oxi ne¢pling, at: leasb ong pseerss parametarndurngrdhel expoesurenof ®aid of a

sem cond ' 2,{%9& d conprising: providing a substrate having

f or med th’ﬂt@%rg@%\’%ﬁfseelg{:t'r?@ aé;}g'f with a first region and a second region,

said first region including vias and trenches is to be filled with a
devoid of trenches and vias

nmetal , sald second region being substantiall
to befi ﬁgd \i]c he, m\%hgqi ;0?&%56‘5341@;%9[&!“ §al%a€/ least ppe proegsscparamater bath to

Fil] . . ‘ g . : . t ot I
et al 1 ay S e dhe fopeeRfanST o7 Gevelbr BBEM e Biusafle Rl g oo
r oughnes smetal llayes fornieds i shid etentblyté®atiegi on i s adj usted to be higher than

approxi mately 50 nm and renoving said excess netal |ayer by chem cal
mechani cal polishing, wherein said- surface roughness: of said 'nmetal |ayer

above al 3eas! THAhfbthéd 6PBRIM 28] HRATRARLESorhfifsing BRBlisfho SPtdiatidff ©
metal |ayer above at |east said second region d I'ng sal d°chem ca
nmechalfi chetyernsisichguriacscratighness 28d saitbendpdintidetbctidrasignak, furt her
conprising generating an endpoint detection signal during said chem cal
mechani cal polishing of said substrate and stopping said chem cal

mechani cad7.pol T ieghed of BRI 2B, WHekeindid rﬂﬁﬁ&?isrﬂeteﬁﬁ%ﬁi a%icgiégl . 30

-15 24. The nethod of claim 22, wherein said surface roughness i dj ust ed
by cont rdfis@ichgndpointdetectioresignabess paraneter during the exposure of said
substrate to the electrol yte bath.

15 28. The method of claim 26, further comprising processing a second
substrate that is substantially identical to said substrate by exposing said
second substrate to said electrolyte bath, wherein a surface roughness of a
second region of said second substrate is adjusted on the basis of said
relation between said surface roughness and said endpoint detection signal.

20 , o
29.  The method of claim 22, further comprising forming a barrier layer and
a seed layer prior to exposing said substrate to said electrolyte bath.

30. The method of claim 29, further comprising: forming a pattern in' said

25 barrier layer and said seed layer in said second region to adjust said surface
roughness in said second region during exposure to said electrolyte bath.

31. A method, comprising: !
determining a surface roughness of a metal layer formed over a

30 dielectric including a patterned region and a substantially non-patterned
region;




s 25. The nethod of claim 24, wherein said at | east one process paraneter
represents the concentration of a |eveler affecting the surface quality of
a netal layer formed in said electrolyte bath , ; 26. The nmethod of claim
23 or 24, further conprising establishing a relation to between said
surface roughnesso ; dpei 84iqd i IhgN d of
claim 26, wherein @ydésgﬁg?ﬁo%?i gélgeﬁﬁ%t A%iﬁaﬁbﬁgﬁal 0 ggﬁ gndpoi nt
det ect i orpdishing toi expxsse Baid rbielestricofin csaitd mpatternetiuante nongatterrsscg
processiqg n econd substrate that is substantially identical to said
substrate 33’ xposi ng said second substrate to said el ectrolyte bath,
wherein .a surhafiori}!gBAC Endpoirt 66K T Sighal 8frifgti darPCOEmipaPst rate
is _.adjusted, ,on the basis .of said relation between said surface

r oughrfes IngplRRjgalPalishivg: Anddet ection signal .~ 20 29. The nethod of claim

22, further c | Si farm ler Ver  an a seed | aver ior to
exposi ng sai d,Orasgl}iB@t Q%ger% g]@'%“ﬁeggﬁsé@frd&@f@"bﬁgﬁ?' .Sa'ﬁﬂée%*m%{ of claim
29, furt hanfavempughhess td detsrminelapasptiviumisurfaa foughndsy fored désivdy and
sai d seed,la*&gxln sai d second reglon to adjust said surface roughness in

sai d secctignaldwisshraliorof sgidendreiptdetectian gigdabct rol yte bath. 31. A net hod,
conprising: determning a surface roughness of. a netal  |l.ayer forned over a
30 dielectric including a patterned region and a substantially
non-patterned region; -16 renoving a portion of said netal |ayer by

chem cal nmechanical polishing to expose said dielectric in said patterned
and non-patterned regions; nonitoring an endpoi nt detection signal during
sai d chem cal s nechanical polishing; and relating said nonitored endpoint
detection signal to said deternmined surface roughness to deternine an

opti mum surface roughness for a desired signal/noise ratio of said
endpoi nt detection signal. -17
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