*166166* Description 1 2 7 MAR 2006 Process for producing netal -contai ning
«thin filme with a low electrical resistance 5 The present invention

relates to a produci ng netal -containing thin films with a | ow
el ectrical rﬁﬁ“ﬂ%@ﬂﬂﬂmmg d in particular to thin Cu interconnects for use
in sem condu nts. 10 Htherto, the fabricationoqf yamtzgmr at ed

sen conduct or ci'et 't s has preferabl y-i hvel ved depositing and structuring
| ayers of aluminiumin wiring levels to produce interconnects, an Al |ayer
in principle being 15 deposited to a predeterm ned target thickness and
then structurgd Qv weaps of conventional photolithographic and associated
et chi ng processes. icreasingly, however, alternative materials are being
20 enployed in particular for use in nmetallization |ayers of this type in
order to achi ewedehe g0 easidigingntnegral-icontdensnty thihe fidesofwiddpper,

for exanple, faqr. w_ri ' I | S type has made it possible to
devel op integfhﬂéﬁ’gﬁﬁggfkggﬁh?%%g%éégéﬁ(a at nuch 25 hi gher speeds and with

a | ower power consunption, on account of the significantly |ower

resi stances caifrar gskededtal WA VHAtNorHOWEYEBltesd dE@wback pafocesisng for
L r per.,.is th%oJelmive

alternative materials of this type, in pa %icul . p
difficulty of HETHCHRY tW@EﬁgtgPﬁg?iﬂh?%h é l?esuf%ég fg%tgxaﬁple, from
deposi tion andlectetchingrepirdisinges. Fodelinm pareichese fcobteb®, Gy way of
exanpl e the DawRseeARetesNAot agye 114 UndiidiRduicdt ol @emgonkarand Ib 35 has
been develgped.
1 .
Hitherto, the fabrication of integrated semiconductor
circuits has preferably involved depositing and
structuring layers of aluminium in wiring levels to
prodice interconnects, an Al layer in principle being
15 deposited to a predetermined target thickness and then
structured by means of conventional photolithographic

and associated etching processes.

Increasingly, however, alternative materials are being
20 employed in particular for use in metallization layers
of this type in order to achieve the increasing
integration density. The use of copper, for example,
for wiring levels of this type has made it possible to
develop integrated circuits which operate at much
25 higher speeds and with a lower power consumption, on
account of the significantly lower resistances compared
to aluminium. However, a drawback of using alternative
materials of this type, in particular copper, is the
relative difficulty of handling the material which
30 results, for example, from deposition and/or etching

problems.

To eliminate these problems, by way of example the
Damascene technology illustrated in Figures la and 1b

35 has been developed.

Figures la and 1b show simplified sectional

illustrations demonstrating significant production
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Figures la and | b show sinplified sectional illustrations denonstrating
.significant production *@0002* 2 7 MAR 2006 - 2 steps involved in a
conventional process of this type for form ng netal-contaion mgrtpgg fil ns.
In accordance with Figure la, a dielectric layer 2 is 5 deposited on a
substrate material 1 which, for exanple, represents an integrated

sem conductor circuit in a sem conductaqr ,substrate with el enental |ayers
above it, and a trench is forned in the dielectric |ayer for the

i nt er connect Whé € 4 slﬁu@meﬂﬁlx tdbnbz%nft%ﬁ&d ;JﬂcherSlbtfsec%@tt%eeps, a
di ffusion barrigr l&%’ a%%? g %4 h g{orrred both on the
surface and in h&CH 8I189: i EA+Qyeti™S - a1 | owi ng or
sinplifying subsequent growmh of a Cu | ayer 5. 15 Then, in accordance with
Figure Ib, a G\ﬁ](g@@a}&&tce rwmntgahreo}'gg,SPEQ%%%&%%E%% '1?8%9% tg, renmove

the |layer sequence which renmai ns above t , _ rma further
di ffusi on barriPI&ED Erad FUbstEatredategpatayernion, | AOX HEXNRAL: it is

possi bl e to pratiresrear veny fritwlnatet r sehtiicedduot €F CAinettis UshnNG

material s “h'CF*%L%oﬂﬁuéEbguEth?FQ@degepkgwg%g taf ga?%%chggé égirlca

process is tha ere is cant erioratron im
conductivity, ia%attix’ndr, lsatfefré‘ﬁchrJen the edigfeqtasic tIaiter0. o uritdronet er

on account of grmue:rcosmfzeetprmblcﬁﬂs i tbmhslsécf\@er[ﬂﬁ| t|60f}$e'§lb Iﬁb@ﬂebayelrnd
Figure 2 s ws i ie an vie ferently styuctyre
i nter connec? |n%§%c%§§nce&w sn’ a? fuc‘tr/y’[‘ﬁi‘l)g Slorn o]PaElJFJtera aéflegcl%sgﬂg %or
exanpl e, by thé&ded dreatedr d ausf droames @O'Ith Jrartgheetsu facePragseddi rigs of

2001 |1 TC confreiegir®e, PRJEEnE27 4i@122%rinccordidy t9 this31owing or
simplifying subsequent growth of a Cu layer 5.

15 Then, in accordance with Figure 1lb, a CMP (chemical
mechanical polishing process) is used to remove the
layer sequence which remains above the trench and to
form a further diffusion barrier layer 6 as a so-called
cap layér.

20
In this way, it is possible to produce even very finely
structured interconnects using materials which are
difficult to handle. However, a drawback of this
process is that there is a significant deterioration in

25 the electrical conductivity, in particular, at feature
sizes of less than 0.2 micrometer, on account of grain
size problems within the metal-containing layer.

Figure 2 shows a simplified plan view of a differently
30 structured interconnect in accordance with a further
prior art, as disclosed, for example, by the literature
reference Q.T. Jiang et al., Proceedings of 2001 IITC
conference, pages 227 to 229. According to this
document, the structure-dependent recrystallization
35 illustrated in Figure 2 was recorded as a transitional
phase, a metal-containing layer with different grain
sizes 5’ and 5” being formed in finely structured
regions with, for example, a structure width wl

compared to coarsely structured regions with a



docunent, the structure-dependent recrystallization 35 illustrated in
'Figure 2 was recorded as a transitional phase, a netal-containing |ayer
with different grain sizes 5 and 5" being forned in finel2y7 MARUZMGUr ed
regions with, for exanple, a structure wwdth wi conpared to coarsely
structured regions with a 2 7 MAR 2006 - 3 structure width w2. In this
case, the finely structured regions wigh.a width wl, on account of their
smaller grain size, have a significantly greater resistance than the
coarsely struttrcetreegians, wid t hnt bei & dzﬁé@ﬁf‘@?@ﬂirgbl%ih?ﬁsﬁudﬁ@%‘d_er, ah' .
dr awback of i-ng et al - alning thin filnms IS natyre is a hig
| evel of ou{}{e%g%\%ﬁi g’hlﬁsaiasgggﬁgt (kaqg’vm'g}rh THe° trmggeﬁ%‘elfecsﬁ(}?gllgéy and a
relatively hidgiitenperat um@vandat i vegniddmand lohi gheatrer r etpdisgdner
anneal i ng eVQ%ahnﬂH&EdH%ﬂgeﬂ9|%t%h%@%EHHGQeﬁgghgﬂswi@h'Qﬂeq§y1%§§%|t in the
el ectri Caé properties of the sem conductor conponents being advérsely

af fect ed and R8I E155H FUTHH pPoTEMP2cKn 2 he PFPABFYNEt MEERTFed
regions, it icontpaposgi bhent Hikhchi efecitie reareregrial i iizds,leee@nodi th a 15

| onger anneabiRgali Mgang, a hisghesg ealdng wti‘t:‘.Hpe.r@}jiél.re’Daﬁi%sicQB'éhe .
coarsel y structur eg regions, ~ since the maxinmumgrain size 1S substantially
linited by l# BROABY r $76f 3t HePlAG IVl 5L thi ERTBR Bt WrdHeand LEBE. 20

Ther ef or e t héemanéntihdichi sabmsedqgonhrete fly eshnehlipg oeivdnngia phecess for
produci ngy Mek @),z £ONtA N NG, ARy nre&igggywoﬁ{lchhgl\é/ﬁel gcirigal, r eghgt ance

which is easy. and, i nexpensive to“carr , ernore, "the 25 Tnvention
i s based on %h%%b}%%]t BECBEBEURP n§Ineths - SeBACANAPAEOE hiceMPPRABLRI t h

i mproved el ebéiogi gedleoBelpr oREtlec€®d and in electromigration
problems. In the finely structured regions, it 1is
impossible to achieve the same grain sizes, even with a

15 longer annealing time and a higher annealing
temperature, as 1in the coarsely structured regions,
since the maximum grain size is substantially limited
by the geometry of the structures which are to be
filled.

20
Therefore the invention is based on the object of
providing a process for producing metal-containing thin
films with a low electrical resistance which is easy
and inexpensive to carry  out. Furthermore, the

25 invention is based on the object of producing metal-
containing thin films with improved electromigration

properties.

According to the invention, this object is achieved by
30 measures described in Patent Claim 1.

In particular as a result of the formation of a metal-
containing layer with a first grain size up to a
recrystallization thickness, followed by carrying out a
35 recrystallization at this recrystallization thickness
and final thinning.of the metal-containing layer to a
desired target thickness, sufficiently large grain
sizes are achieved even at target thicknesses of well

below 0.2 micrometer, so that it is possible to achieve



According to the invention, this object is achieved by 30 neasures
.described in Patent Cla|n11 In particular as a result of the fornatlon of
a netal- containing layer with a first grain size up to a
recrystallization thickness, followed by carrying out a 3527 MAR 20068
recrystallization at this recrystallization t hi ckness and final thinning
of the nmetal-containing layer to a desired target thickness, sufficiently
| arge grain sizes are achieved even at4targﬁt thlgkgeizﬁfZSBGMBIL Ee{ﬁw
0.2 mcronete so.that it e.to achieve - o]

i mpr oved co%ﬁﬁgilvﬁppggvﬁﬁd ngﬁgFSHfﬁﬁa%?Bn Propertisssromigration

net al - cont aipdapgerthias fil m can be structured using 5 conventiona

phot ol i t hographi ¢ processes, with in particular an RIE process or a process
using chlorine- based etching chemcals at a tenperature of 180 to 300
degrees Cel dihgs %ﬁﬁ&kr@@%%ﬁlmhnghtblmaﬁilmt<u31dmsssbkecthmeﬁuhhum@ently

finely ssru@dhrv%neai%a@te{aheltél\ﬁ/%e@r%ghare ugy%\gxs LT ptoetch,

such as copper |.ver i f appropriate gold e recfystalTization
t hi ckness | $3Frdrarlas 2B eR1E oPEOCERSC s RFOeR Bat BFInHarhd.o3 imecr onet er

with the 15baesul tettchaing’ ecrymiaal s zati an deprffiGieensty15@ar g6 3@pai n
sizes in th talnl Ia er ?% hleved in a artlcularI§GS|nple

and rapid wayg%ﬁartlcu Y Fortlse® t et &t eti?¥ent CohduPOSS 1P
circuits, the s@@éfl@i@nhhyeﬁlablwayShawet@rdlbhnalomabariaEﬁ Wwayeh, w th

t he resyét 5@@-dgﬁg¥ﬂ§agh§flghﬁtu%dmkfg SuQﬁEﬂ”%&? énﬁéégh 51lver

met al -contai ning layer’ into the sem conduCtor componé ahd™in particul ar
into an ass@éléteép§éﬁ$@6ﬁ6ﬁtﬁ6ﬂlbubstrate is reliably 25 avoi ded and _
therefore the electrical properties of the sem conductor components remain

unaffECtEd'The recrystallization thickness is preferably set to a

thickness of greater than 0.3 micrometer, with the
15 result that recrystallization to sufficiently large
grain sizes in the metal-containing layer is achieved

in a particularly simple and rapid way.

Particularly for use in integrated semiconductor
20 circuits, the substrate material may have a diffusion
barrier layer, with the result that undesirable
diffusion of substances from the metal-containing layer
into the semiconductor components and in particular
into an associated semiconductor substrate is reliably
25 avoided and therefore the electrical properties of the

semiconductor components remain unaffected.

Furthermore, the substrate material may have a very
thin seed layer, with the result that in particular
30 electrochemical deposition of the metal~-containing
layer is significantly simplified. However, in addition
to an ECD process of this type, it is also possible to
use conventional CVD or PVD processes. Furthermore, in
addition to metals or alloys it is also possible to use
35 doped metals, so that the electrical properties and/or
recrystallization of the metal-containing layer can be

improved further.



Furt hernore, the substrate material may have a very thin seed |layer, with
‘the result that in particular 30 el ectrochem cal deposition of the

nmetal -containing layer is significantly sinplified. However, yip ofgdi tion
to an ECD process of this type, it is also possible to wuse conventional
CVD or PVD processes. Furthernore, in addition to netals or alloys it is
al so possible to use 35 doped netal s, _sg that the electrical properties
and/ or recrystal lization of the netal-containing | ayer can be inproved

furth | i gal | d
urt ercont I ng%?% er§/5 wha t'&i’é@é:.léécﬁ’!}ﬁ%a%l cty d?%ggﬂ:gé NeflROSI te

met al are e|n use a recrystalfrzatron  can be
carried out WP q%glaa)fe-’?soo%%eﬁﬁéﬁat Wsedora Aepuwberlbizatahan with
the result thain the effrarl and bycashsatangbetr edusetdespari fitantdy, and in
particul ar the riga operties,in_ass e mco uct o

conponent s real:ral %Jﬂ]ﬁ%%f# {j gg Aﬁ{“gel?na Iesugﬁomﬁé‘ g St% fr}d %Is%‘dposm bl e
to carry 8ut w@fténrea be éedtléﬁﬁersatgnrlélﬁangéwr@mdl(l@l tmamtonoznd@gr ees

Cel sius and khd NeBedt MEcdANgLopEPM D Q. %gaﬂtgt%a Vet hed g dsul t
that, furthernore, the electrical of the f[m conduct or

conponent s r &AFTSHEST aHFTHIT yunﬁﬁ EE‘E ed rpasdyELYon TN Sni ficantly
accel erated. it5 im thlsocqussiblei t tbs paefer ablte tam cannyabutira a

recrystal i 2alhpd RuBeShibabd nadias @ MSPIRLeusigs Rihkagen o gon or

in vacuo, with the result that undesirable oxi ion
met al - cohf ai G Y& TeaFe BEMelllatid) §§% dvigittad ZGtAl tté‘regéftest%tckness is
preferably sehate afthilodkmesse,of thkesslédiaridhll piroperetes, N\fth:htehe result

that during s%HQ%SHHQBE%?ELECEBﬁgegehg part&%ﬂ%ﬂ% elecéJéﬁ?&H%%&fi

capacitive cougllng pr o en closel
unaffecCted and production is 31gn1f1cantly accelerated.

15 In this context, it 1is preferable to carry out a
recrystallization in a shielding-gas atmosphere using
nitrogen, argon or in vacuo, with the result that
undesirable oxidation of the metal-containing layer can
be reliably prevented.

20
A target thickness 1is preferably set to a thickness of
less than 0.1 micrometer, with the result that during
subsequent structuring in particular electromagnetic or
capacitive coupling problems between closely adjacent

25 interconnects can be greatly reduced. In this way, a
desirable aspect ratio AR or height:width ratio of less
than 2 to 3 can be achieved even with very small

feature sizes or interconnect widths.

30 The further subclaims characterize further advantageous

configurations of the invention.

The invention is described in more detail below on the
basis of an exemplary embodiment and with reference to
35 the drawings, in which:

Figures la and 1lb show simplified sectional views
illustrating significant production



25 interconnects can be greatly reduced. In this way, a desirable aspect
‘ratio AR or height:width ratio of less than 2 to 3 can be achi eved even

with very small feature sizes or interconnect w dths. 30 TP@YARER@E'H
subcl aims characterize further advantageous configurati on?s

invention. The invention is described in nore detail below on the basis of
an exenpl ary enbodi nent and with reference to 35 the draw ngs, in which:
Figures la and Ib show sinplified sectional views illustrating significant

production 2 7 MAR 2006 - 6 FisggFg 2;3vsieps | pyol yed JLRvaneoHNENt i onal
Damascene process; shows a Si nBI itied plan view for illustrating
structure-related recrystalliZ3'POhePY oPEYEFES in accordance with the
prior art; aRtgkrguzes 3a to 3dhshew si ngingdliiefl ekbctplanal vieewstdor

illustrating significant proce . J nvol ved i L.av ' 10
production of netal-contai ni ng§ts';%1|'1§1£?$ﬁ%r?2. The | ﬁ@éﬁ??gkei gg%éeigg?i bed
bel ow on X he basis of a Cu | ayefrastaktidatdent ai nibkgreayées ot hiw

net al - cont ai ni ng 15 | ayers, andcbar@@ﬁé@; Gl e _pﬁ\go&nq&-@r; &g may al so be

used in the same way, Al ternatiye materials qf this type for t%g

pr oduct i on o]fsl%%rteaﬁ 9% &9 %rcfl I a%% 51;53“13&65%8% g S ACPEAsi HGWP i hportant in
particular in semiconductor téthwdtorfiingi nceigheficdntow apréapsoved 20
conductivity and therefore fastespsychgvbioBg ang, algq aiheduessk pover
consunpgbon to be achieved. production of metal-containing thin

films.

The invention is described below on the basis of a Cu
layer as metal-containing layer; other metal-containing
15 layers, and in particular Al, Ag and/or Au, may also be
used in the same way. Alternative materials of this
type for the production of metallization layers are
becoming increasingly important in particular in
semiconductor technology, since they allow an improved
20 conductivity and therefore faster cycle times and also

a reduced power consumption to be achieved.

Particularly with very small feature sizes of less than
0.1 micrometer (with regard to their thickness or
25 height), however, the problems described in the
introduction result, with a significant increase in
resistance occurring in particular on account of the
very small grain sizes in the electrically conductive
material. Furthermore, such small grain sizes lead to
30 an increased but undesirable electromigration towards
the respective interconnects. The benefits of these
novel or alternative wiring materials may be reduced in

this way.

35 The process according to the invention now demonstrates
how it is possible, in a simple way, to produce metal-
containing thin films with a low electrical resistance
and improved electromigration properties which can be

used even for very small feature sizes of < 0.2 um.



Particularly with very small feature sizes of less than 0.1 mcroneter
(With regard to their thickness or 25 height), however, the problens
described in the introduction result, with a significant inc2as® 2000
resi stance occurring in particular on account of the very small grain
sizes in the electrically conductive material. Furthernore, such snall
grain sizes lead to 30 an increased but 7undesirable el ectrom gration
towards the respective interconnects. The benefits of these novel or
alternative wiring materials may be reduced in this way. 35 The process

according to Fhgsi nventiQn nowsdegppgir ales p h;?ﬁ'i‘é 34,5 Qoséif’if@s,lérﬂ a
simpl e way, to roduce netal- contai.ni r;g&t hi n I'ms With a Tow e] ectrical

resi stance FHr ov8deEl ett FBmiigratiedn Ypriopetad eSVRRi diecafbere used
even for ver yssnﬁédefeﬂtar eagirzies alubst@aZeml,2 whiAR 20fl6:des/, fFoux st of

all, as shown i, by gure 3ay; @o%&%‘é@r‘ O DAL E w:[’?I'}/e{t% é%&é‘%&ﬂ&l Ly

forned over t e ntire sur ace a carrier substra te i ncl udes,
for 5 exanpl eelenadiilooddyersr 30BEEr atle wilth iarslegsssei afedm: el krent al

| ayers above ditample,ordedits@ fmértmllfleétlexampy@r arfwi.singrem}él Zation

| ayer or wiri evel . A di.ffusion barrier ner. 3 of thlstype
consi st s, foré12f><%a 310n gfarféerTaﬁay?FN oW g)fL é ?ar ’%l %erl s whi ch

reliably prevemsiahfdesiarabtxamplid,f ust ofia, offa§ub§‘tla1mcé@0 fCrIorﬁJathJcﬁI | ayer

i nt O_theloserﬁ&@}q@qtsqr cm@}ﬁnt sr@flaaol%ﬁm cgﬂ@klf@rﬁ@g subsid M Eap1f the
diffu t hi s _.nat ur e, does r%ot cause

carrier subst reliabl

any probl ens, C{l?fg’isﬁoﬂlm 8 1% %satraﬂceers I )‘78?“ 3aoftCEFh| dahe MO df'our se,
be di spensecﬁamudw.ndﬁarcpherqnﬂmnetnh@reorsaa sweiddramtot, substiragensi sts,
for exanple, of the eapeignt eubdkrasean aptbhp Pt aks diffusion of

this nature does not cause any problems, a diffusion
15 barrier layer 3 of this type may, of course, be

dispensed with.

Furthermore, there is a seed layer 4, which consists,
for example, of the same material as an actual metal-
20 containing layer which is subsequently to be formed and
essentially serves to allow simplified formation or
deposition, located on the surface of the diffusion
barrier layer 3. Both the diffusion barrier layer 3 and
the seed layer 4 are formed, for example, by means of a
25 PVD (physical vapour deposition) process or a CVD

(chemical wvapour deposition) process.

In the present exemplary embodiment, the seed layer 4
preferably consists of a Cu seed layer, with the result
30 that a metal-containing Cu layer 5’ with a first grain
size is formed on the substrate material 1 or the
diffusion barrier layer and the seed layer 4 up to a
recrystallization thickness dl which is significantly
thicker than desired. This formation of the metal-
35 containing layer 5’ with its first, very small grain
size can once again be carried out by means of a
conventional PVD or CVD process, but 1t 1is then
preferable to use an electrodeposition or

electrochemical deposition process (ECD,



20 containing layer which is subsequently to be fornmed and essentially
-serves to allow sinplified formation or deposition, |located on the surface

of the diffusion barrier layer 3. Both the diffusion barrier[j ﬁr &Cand
the seed layer 4 are fornmed, for exanple, by nmeans of a 25 P\? % y@ al

vapour deposition) process or a CVD (chem cal vapour deposition) process.
In the present exenplary enbodi nent, t+hé& seed |ayer 4 preferably consists
of a Cu seed layer, with the result 30 that a netal -containing Cu | ayer 5
with a first gFeftrockierdcad fdepesibirihe Jobsthbs e Qnseer i bhel swed he

di ffusion barrdyr | ayeri andistlie sgedahayenedtpaéo for I e/ stpdddization

t hi ckness dI Wnitch i.S sij%nifi nt | Ve thjhck?r. t han _desired. ny" s formation

of the metal B8 CHY&EChiIMg Gayer B i thei €45FFr §F210efy26mid % n  si ze
can once agaian.beTbar riesd youe 1By zatans dfhixknessvent i dsal p R b IQVD

process, But ddy itg &1 @freldlheckOrHae BN3ehectLNAGnOSI LN e

el ectrocheni cal deposition process (ECD, 2 7. MAR 2006 - 8§ el ectrochenical
deposi tion). ASFUhi Shedse® th¥cEebhickager uwhishyded syffdrisrscthdde for
the netal - comcaiysitadliayetob' wist h piroslukcledst dmai mpaitzeulargr athon. The
recrystallizat] t hi cknes I §.pr r t_.to val. f. greater
than 0.3 m C?CISI Eerr I’B%\ﬁ% téﬁgé'_rzgulfﬁﬁehgtghé %ﬁ;’gra%hitgﬁnzcglsl v'i}%llc i's
sufficient f&RTILEEr YSVEM i dat ibn liSs priueessihie part PedngiPhet KO copper
bei ng used. ldisbkessameivBy 8Ret heediif fUSyON dbarrper |@Yey Feadnls,is al so
possible in principle i ense with . the seed.layer 4, but this neans,
however , tha?lok%gggfo%%t%%ﬁ%i%?%ns vﬁ%cnﬁ:elovr\}osr g’éilAgga‘ﬁoﬁ%?érnati ve to the
above-described materials for the netal-containing |ayer, such as Cu, A,

Ag or Au, 15akt ans 2Alt2enp@ITEbIt® tthdlstRld-QesipdapedteBtiahs, rWrth
the metal-containing layer, such as Cu, Al, Ag or Au,
15 it is also possible to use alloys or doped metals, with
the result that, depending on requirements, improved
electrical properties or simplified production are
achieved. Examples of doped metals of this type are
AlCu with 0.5% of Cu, AlSiCu with 1% of S8i and 0.5% of
20 Cu, or CuTi, CuIn, CuSn, CuMg, Cull, CuZr, etc. "

Now, in accordance with Figure 3b, in a subsequent step
a recrystallization of the metal-containing layer 5/
with its first small grain size 1is carried out, in
25 order to produce a metal-containing layer 5” with a
second grain-size, which is larger than the first grain
size, while the recrystallization thickness dl remains

unchanged.

30 On account of the unusually high layer thickness of
this recrystallization thickness, recrystallization
from the first (small) grain sizes to larger second
grain sizes, corresponding to the recrystallization
thickness dl, takes place even at room temperature and

35 over a period of several days. Since the number of
grain size boundaries is now reduced, the electrical
conductivity of the metal-containing layer is
significantly improved, and electromigration, which

takes place substantially along these grain boundaries,



the result that, depending on requirenents, inproved electrical properties
. or S|an|f|ed productlon are achieved. Exanples of doped netals of this
type are AlCu with 0.5%of Cu, AISICu with 1% of Si and O. 5% e EJ
CuTi, Culn, CuSn, CuMy, CuAl, CuZr, etc. Now, in accordance mnth g@ e

in a subsequent step a recrystallization of the netal-containing Iayer 5
wth its first small grain size is carrjed out, in 25 order to produce a
met al -containing layer 5" with a second grain size, which is larger than
the first grai i he t al i ck I mai ns
unchanged. ngp §l ou%ﬂgdéﬁhe 5%%%%% Ehzﬁﬁ%gﬂ%r@thlg ﬁ%%@ o%ﬁ this
recrystalI|zéﬂvﬁﬁﬂﬂﬁgcKﬁégytlpécﬁy%t%¢4$szP%natfﬂ@ﬁ*&fﬁ?ﬁﬂ%ﬁ@ﬁu€§malI)

grain sizes tgdrarder ngeeesd fllf:alaﬂ Sha@ﬁtl@ﬁl espoIthidig taadt R@ere

tall t t hi ck dl, t t t d
eerystal zal o, ChLekteor ), Jakss Pl asscpueh, 2 oA e ghure an

boundari e§ i semawonddated, chapehentslcébcateﬁduenlvﬂmp ofsublsgrate

met al - Conta'Bbﬁ%r1§X96r'éar§h99'§ﬁ€§@fi&b'fﬂﬁﬁé g@@@ el eGls,aR1 gEat i on,
whi ch takes place substantlg ¥ﬂﬁkong t hese graln oundaries, 2 7 MAR 2006

-9 is 5|gnFPFEQﬁ9P¥ +BEYE Hetee, during an anneallng operation

of this type at room tenperature, there is no need for any additional

equi prent ang there, 1S neRAsLbi | iy, =81 864 "1 6L pLOpertiigs of 5
ts | e su

sem conduct or “conpone l'ocated’in t strate “material or carrier
substrat®01 ECRAAGPAg VWY alPestil CeBPErRRBF frald3PIdendbESH &tﬂodldeJtH?Fén
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Lemperature tangg, @gm&QQ der%rs%%sclﬁg' SLts bR degy ean Lakshugqand over
a period of 0 nutes resuling in conS| e accel erated
production hese layers and scarcely any

deterioration in the electrical properties of, for
15 example, existing semiconductor components. By way of
example, an anneal of this type is carried out in a
shielding-gas atmosphere comprising N, Ar or in a
vacuum. However, it 1s also possible to establish
alternative conditions in which oxidation of metal-

20 containing layer is substantially prevented.

In accordance with Figure 3c, in a subsequent process
step the metal-containing layer 5” with the second,
i.e. larger grain size is thinned to a desired target
25 thickness d2, preferably by carrying out chemical-

mechanical polishing (CMP). Alternatively, however, it
is also possible to carry out wet-etching processes,
dry-etching processes and/or electropolishing

processes, the metal-containing layer 5” preferably
30 being broken down again by electrochemical reactions in
a liquid in the reverse way to the electrochemical

deposition process.

The target thickness d2 can now be set to thicknesses
35 of less than 0.2 micrometer and preferably to
thicknesses of less than 0.1 micrometer, with the
result that an extremely thin, planar Cu layer 5” with
extremely good electrical conductivity and greatly
improved electromigration properties is obtained. This



production of these layers and in scarcely any deterioration in the

-electrical properties of, for 15 exanple, existing sem conduc
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substantl@lly unaffected by this thinning operation, so that a desired

structure wh known . as a_banbog, structure is obtained in the nmetal 5
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capacitive coupling between adjacent interconnects is
15 significantly reduced. To achieve such a favourable
lack of sensitivity to capacitive or electromagnetic
couplings, it is usually necessary to have
thickness/height ratios (aspect ratios) AR of less than
2 to at most 3, which in the case of very large scale
20 integrated «circuits leads to the required layer
thicknesses being < 0.1 um.

Figure 3d shows a final process step according to which
the metal-containing thin film is optionally structured
25 into desired interconnects or a structured metal-
containing layer 57’'. Structuring of this type takes
place, for example, by means of conventional RIE
(reactive ion etching) processes, with, by way of
example, photolithographic processes which are known
30 and therefore not described previously having been
carried out for masking purpoSes Structuring using a
wet-etching process is also p0351ble in the case of

relatively coarse structures.

35 Particularly if copper is used for the metal-containing
layer, it is possible to use a from the literature
reference Yan Ye et al., “Development of Cu etch
process for advanced Cu interconnects”, Proceedings of
1998 IITC conference, pages 235 and 236, 1in which



deposited at the outset. 10 Metal-containing thin films of this type with a
~thickness of less than 0.1 microneter have advantages in particular during
subsequent structuring, in that capacitive coupling between adjacent
interconnects is 15 significantly reduced. To achieve such a7 axRuyggb! e

| ack of sensitivity to capacitive or electromagnetic couplings, it is

usual |y necessary to have thickness/height ratios (aspect ratios) AR of

|l ess than 2 to at nost 3, which in the case of very large scale 20
integrated circuits leads to the requiried,- | ayer thicknesses being < 0.1
m Figure 3d shows a final process step according to which the
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structures. 35 Particularly if copper is used for t he netal - contai ni ng
| ayer, it is Tpessindleattionusesaedmdeeribkar abuke ohefrdkencei¥arrye et

2 - eaevel opent ol QU gt el pLocess Lor adyanned U ANl GrogmGeLsT,

Pr oceedl ngs of conf erence,
2006 - 11 ste§érdFrag d< n‘ghascrﬂ@ﬁo@e @Ia@ednet thé ngagisenverl also carried
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result the CﬂhhgxerhavéM“ 09f328n£e'§§é£§§egf¥122%%%hﬁ é%%£§¥¥¥é% Ca@ be
different thicknesses. In the same way, the present
invention is not restricted to a substrate material
which includes a semiconductor circuit, but rather it
15 may be formed in the same way on any other carrier
substrates on which a very thin, electrically
conductive layer with a low electrical resistance is to
be formed. In the same way, the recrystallization
thickness and the target thickness are only mentioned
20 by way of example for a Cu layer; other materials nay
in principle require different thicknesses and in
particular an alternative recrystallization thickness.



5 structured in a sinple and clean way. The invention has been descri bed

. above on the basis of a Cu layer as the netal -containing |layer, but it |s
not restricted to this option and in the sane way al so 10 encodpaaﬂRSﬂMS
alternative netal-containing materials which have different
recrystallization properties at different thicknesses. In the sanme way,
the present invention is not restricted to a substrate material which

i ncl udes a sem conductor circuit, but rather it 15 nay be fornmed in the
same way on any other carrier substrat%% “on which a very thin,
electrically conductive |ayer mnth a low electrical resistance is to be
formed. In tﬁg S?Hg ﬂ@yClghe r é |1ization thickness and ths t ar get
t hi ckness are only ment roned y of exanple for a Cu |layer; other
materials may in principle. reqU|re di fferent thicknesses and in
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New Pat ent C ai ns rocess produci ng e
filnms with Witbwaellest rekettyosedt 1866 s temasy:i s¢mg>1timllsgepbe Stefos a)
formng & negal -containing layer (5) with a first grain size up to a
first thickness (g% on the entire surface of a substrate material (1, 3,
4): b) carryihg ofPTEIRGcRyBEERL£RNtGH GG NeaYRE al 5’ LOWEBht ai Ailagt ayer

(5') which coveis sheeenid reeo sarffaCz%t tehpeREEss aaTet aln CERLalRingd ayer
(5") with a S8 Sj ze egter .than the first grain size,

whi ch cover st é?%%t?#e sﬁ??%%gagh FﬁEeFngt thi ckndds (d1): 15 c)
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to produce a metal-containing layer (5”) with a second
grain size, which is greater than the first grain size,
which covers the entire surface at the first thickness
(dl) ;

15 <) thinning the metal-containing layer (5”) with the
second grain size which covers the entire surface to
produce a metal-containing layer (5”) which covers thé

entire surface having a desired target thickness (d2):

and
20 d) photolithographically structuring the metal-
containing thinned layer (5”) with the second grain

size which covers the entire layer to produce a

structured metal-containing layer (5'‘’).

25 2. Process according to Patent Claim 1, characterized
in that in step a) the first thickness (dl) is set to a

value of greater than 0.3 micrometer.

3. Process according to either of Patent Claims 1 and
30 2, characterized in that in step a) the substrate

material has a diffusion barrier layer (3).

4. Process according to one of Patent Claims 1 to 3,
characterized in that in step a) the substrate material

35 has a seed layer (4).



entire surface having a desired target thickness (d2); and 20 d)
+ photolithographically structuring the netal- containing thinned | ayer (5")

with the second grain size which covers the entire layer to grmﬁl%@sa
structured netal -containing layer (5 '"'). 25 2. Process acco? ing t0 Patent

Caim1, characterized in that in stepqg)-the first thickness (dl) is set
to a value of greater than 0.3 mcroneter. 3. Process according to either

of bPat ent C a5 Iﬁrwr:iésﬁ&d%%ﬁﬁafgact%@rbﬁédo%fn be&%hgi r@:l?iti%% a) tdey, gi
substrate r as i ffusion barrier_|ayer . 4. Process according
Wh%f%terlze% o St,%atcﬁélr fcqeé?i‘%)edéll?% é?\%ﬁ 13V et ept h) 2R fe

to one of Pate J17ains
substrate nmattdrs aliff35ilas barséed [Layer ((3). a2e7 sMARc2Q@6d4- 13 5. Process

according to one of Patent Clainms 1 to 4, characterized in that in step d)
the seed |ayer (4) and the diffusion barrier layer (3) are structured. 5
6. Process alcor dPE§CEESoREcOFrdpapentic Gng nef 1PabedE Cihamactlerieed, i n t hat

in step a) acB¥PacP¥Piasd/ onh EFRt BPCESS, i §) car bied okt B
according to_one of Patent ains 1 to 6%89 1%) characteri ze‘%‘c}/lr?rt?ha in step
a) Cu, A, AB*8R8P8r *AUCFETLERdOED- form the netal -containing |ayer (5')
which covers the entire area. 8. Process according to one of Patent

Clains.1 to 4, 1 c j in._that in st a). dgped netal s e used
to formthe ?rét al %gﬁ%?n%%bfgggé {:E )On\ﬁni%i }g%/%gr’% Bfﬂémﬁnﬁi e &rea. o.
Process HtcofBRRgcterbard ofinpahatt i ashep lapo Cw8, ARD Bharadveri zed in

that in stepib)uaedanneatois €BRES h@@al%r&tai&ﬁ%tféiﬂl;’@fagﬂﬂ‘? LA geveral
to 8,

days. 10 Progses, aggording do,one of Patent Garms

8. Process according to one of Patent Claims 1 to 7,
15 characterized in that in step a) doped metals are used
to form the metal-containing laver (5’) which covers

the entire area.

9. Process according to one of Patent Claims 1 to 8,
20 characterized in that in step b) an anneal is carried

out at room temperature for several days.

10. Process according to one of Patent Claims 1 to 8,

characterized in that in step b) an anneal is carried
25 out in a temperature range from 100 degrees Celsius to

400 degrees Celsius over a period of 10 to 60 minutes.

11. Process according to one of Patent Claims 1 to 10,
characterized in that in step b) the recrystallization

30 is carried out in a shielding-gas atmosphere.

12. Process according to one of Patent Claims 1 to 11,
characterized in that in step <) the target thickness
(d2) is set to a value of less than 0.1 micrometer.

35
13. Process according to one of Patent Claims 1 to 12,
characterized in that in step c¢) a CMP, dry-etching,
wet-etching and/or electropolishing process is carried

out.



characterized, in that in step b) an anneal is carried 25 out in a
‘tenperature range from 100 degrees Celsius to 400 degrees Celsius over a
period of 10 to 60 minutes. 11. Process according to one of 2PAMARt2088 ai ns 1
to 10, characterized in that in step b) the recrystallization 30 is
carried out in a shielding-gas atnosphere. 12. Process according to one of
Patent Cains 1 to 11, <characterized +n4hkhat in step c) the target
thickness (d2) is set to a value of less than 0.1 microneter. 35 13.
Process according to one of Patent Claims 1 to 12, characterized in that

in step c) a QW ﬁfa(cgéghaee@rdmﬁg ebChimg &@%@Eeﬁéeeia%e' hSRighg Pr ocess
is carried out. 7 MAR 14. Process accord Eg to one of F5atent
p

Claims 2 to 1@ar%‘l’1‘é?3éjc%%‘ﬁl zlé'H ithlattha%nl seRp ) ar REpRiEesss is
carried out. &adbiedrogess according to one of Patent Clains 2 to 14,
characterized in that in step d) a chlorine-based etching chemcal is used
at a terrpérature of from 180 degrees Celsius to 300 degrees Cel sius. 10
16. Process dctor dbingcéos onecotdPagent Chnai nef 2Pdterdd, Clshmsact eni 2ed in

that in step Qa@a%&rlé‘&ﬁ" CJ?rlx etgﬁabtisinusggép d) a chlorine-based
etching chemical is used at a temperature of from 180
degrees Celsius to 300 degrees Celsius.
10
16. Process according to one of Patent Claims 2 to 14,
characterized in that in step d) a wet-chemical etch is
used.



