f

; _~e3elYI'V| P6T; > Description Process for producing netal -containing thin
filme with a low electrical resistance 5 The present invention relates to a
process for producing netal-containing thin filns with a | ow el ectri cal

.-resistance, and gpparticular to thin Cu interconnects f f
sem conduct or conponents. 10 Hitherto, the fabrication i’ﬂ‘“lﬂm’g\ﬂwwm _
uring

sem conduct opeGlch Wi has preferably involved depositi
| ayers of aluminiumin wiring | evels to produce interconnect'¥?5%n Al | ayer
in principle being 15 deposited to a predeterm ned target thickness and

then structupedchysmemds ptoaaayagt meall it idegr aphhc rAndsassogi at ed
etchi ng processes. Ilncrteasi gla/?,SS however, alternative materials are being
20 enpl oyed fn Par E-EGEr S5t al i zation | ayers of this type in

order to @achieve the increasing integration density. The use of copper, for

exanpl e, forw.ri S i ype de,it possible to deyvel op
i ntegrated c?lrmgui {}gr%/ﬁ?i/@lh o%é?’% lgig rru]f:{f%%‘g%i gﬁ‘gr s%eeﬁ§°§ﬁésmt °a | ower
power consunPtPEOHCisg adiimt-@intabnsngni théant |54 Irower wi ki steanclesw

compared 10 ghuBkalum HOUBYEtandellr AMRACK O isidig ALt pall vy pRIgli al s
of this type, in particular copper, is the relative i%F iculty of handling
the materi al 1RRFERCBDCFESUILRS, UBEr 1k HANICOTF UG Gepo’mPPdanbRd/ or et chi ng
probl ens.0 To el i m nate these problens, by way of exanple the Damascene

technol ogy i ngtr ted in Figures | g and 1b 35 has been devel oped. Figures
la and | b shBW-SPRHPY f i WP sECOTHFATIHAN ulEr ot X YD ST HGHY UGt fi cant
production cireu2tsstepssi nateferalbla cawvenlvedal dymsesbsied thirkd type
for form ng rcantai nj [ s, .l ccqordance.with Figure la, a
di el ectric |g§£?£58?25§ djé%g%%%legsgonag%énu 35S u(r’%lnatemmal‘f%Filﬁf3 11%‘?}éﬁ, $r
exanpl e, repPESEHES dmtienagmmats seahcdddutaperciimcuptrinnipleeretiorgluct or

substratig Wi §8p6LerBA! &lo | AYSES818Pa¥R1hEd A dbd I ERLEKASsEOLIRT (k4 he
dielectric Ia%lrér for thg i ntlgrconnect lWhi ch%'sgaesubsqulé}rlléf%/ tagabee%or{r med.
In 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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"10 subsequent steps, a diffusion barrier layer 3 and a seed layer 4 are

" fornmed both on the surface and in the trench of the dielectric |ayer 2,

al l owing or sinplifying subsequent growh of a Cu layer 5. 15 Then, in

. accordance W fhobjjgure Ib, a CMP (chemgal nechanical polishing process) is
used to renove the |ayer sequence which remains above the trench and to
forma furtbeepdi fifligi0darki ar dAveEndidsa ?;Qb%@slsedoﬁaﬁhhgy%ypezo I'n
this way, |% IS gosslble to_produce even very finely structured

i nt er connect 8T ufPRG AL BRFALS SRmMtER "9 ditFfl dik™S o handl e. However, a
drawback of this process is that there is a significant deterioration in 25
the electrical _conductivit in_particular,_ at, .feature sizes of | ess than
0.2 nicrometer 267 éacglgl?nt‘y%‘fhgféfgﬁr?i g@'pr%b?éﬁgeﬁ;{r‘ﬁicn Her 2 1s

met al - cont afl@apogitagern Bi guibstZ sstowsateesiadl 1 f weilchl, affovi ewanfpla,
differently ur [ t d i . furgher, prior
art, as di s{:?gg%%,éH?%r %)?a 1’}?1{2&&%&9@?%(3 %él}?ﬁ%gr?%‘?g&?gf \tla%r%apn%lgl% ﬁrt]Jiaang et

al ., Proceedifhysonsuobor rsggl@té@meerv@rrée,e%ﬁg%rsta&?lwezggﬁbm@orid:,ng to

this documeasd kherehickctily erseReadent thecrysd@dd Zad i pay8p Irblustyated in
Figure 2 was recorded as a transjitional phase, a netal -containing |ayer

with differthtehraniestzeth5eh adf ssulsesyerdrivedtPn B2 nei3reqd uctlyr ed
regi ong owi tdubsequentnaps, Shr ugt BFesWodt hoad r CoORPaArfd 03coakgelay
structured re%ioswitga - 3 ’ES’” cture width . In thi,s case, the
finely struttored®¥Egi SnshG tHPESE dPRM Mo bfcc?i’lﬁ%a%? £Rgi A s 9 er
grain size,thaveha sifgni theantdielgeater rdsysiranceg,t hanlldweicgar sl y

structured WLt ' r rain _sizes. er, a drawback of
pr oduci ng éﬁg#ggﬁ%’é%l %‘éf)?ﬁ%l%e*’% %Eoglfr’g‘t %lfg anact%urslea 1's a high level of
outlay which is associated with the Damascene technol ogy and a relatively

high temperpiere and hceerdened whkeh Bfgurequil edy f ivm@nnealigaaven in
the 10 finely structured regi ons, which nmay result in the electrical
properti es BFCRHRISRNi LFH?HLJ%IH?‘J cHRBIFSTs” BSi ngSadverQelBPFYRcttd® and in
el ectronm gredyen peopleere. whithe fdmigins shbuokurigte r egetas, atdi o

i npossi ble to achieve, fhe sa r.ain.sizes ven with a 15_| onger neal i ng
tinme and a %?%%earl g‘ﬁﬁ‘é@ fnélﬁﬁgéroélt L?raer,rlaésri F¥%e 2o3Psél ?ostc%f]{(}tegi]ed

regi ons, si¢a® ldgermaxi mumgrain size is substantially limted by the
geonet by of the structures which are to be filled. 20 Therefore the
invention is based on the object of providing a process for producing

met al - cont ai™hi FyL$ hWaY i Lhs 1% PRSEUEW diectrodufe resest HAE¥ KANERYi s easy

alr)l_d iHEX]EJe@&Mﬁzt_i@r@@r ry?@ékcoﬁbl_ébhgr E@rsﬂ?n_glt hQn@tffe:}hﬂa/PQtiQHidi:ﬁ based on the
obj ect of producing metal containing thin filns wi i nprove :

el ect roni gréjtﬁd%]hc%ﬁbpe??i egénaé(%r difRy VS he & n\/%ﬂ?‘?’%%?kt hPE offéét is

achi eved bwﬁbmsm eshaesthelbed iisn aPa;ieg_rtiﬁcaémm 1d_etar1bar§a'td:ohatinas a
resul togl Uik TOTOBLEPDAR" RARIACANA NLAYLBKL AN a,{! kabeaialn i ze

up to a recrystallrzation thickness, ol | owed by carryi'ng ou
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



35 recrystallization at this recrystallization thickness and final thinning
" of the netal-containing |layer to a desired target thickness, sufficiently
| arge grain sizes are achieved even at target thicknesses of well below 0.2
. mcroneter, 1sQ2dorato it is possible to-aghieve In1202WD - 4 both inproved
conductivities and el ectrom gration properties. To produce a structured
met al - cont aistirmg thayerwidth avb. f It bief s stepet, he heetm@lneagntai Midutddin fil m
can be stru I usi cqnvent.i,onal processes ith in, particul an R E
process or %te%rlg)g]essswgg? n% R OFT n8bas et e?gﬁp?‘f&\@ch%ﬁﬁ Eggératsrﬁaﬂ%er ature
of 180 to 300adegreésgecCel Baus bei rgiarseficamtihi symepteit desildkgpassi ble to
sufficient | ¥pbinalie stoaeLety evencapled ala,mieh arenusylly diffdcult to
etch, such as copper, silver-or i appropna%e gol d. e recrys 299 zati on
t hi ckness i §rpisf e bbey- sélowayex 15at i wknessk ofofgr pacencihgn Mkt l-
m crometer, cwhithihhegr esuld Ainals réerysial hheaklbost a $Uigh cihnlil Yot arge
grain sizes in_the netal-containing |ayer is achieved in-a particularly
sinple and PHPLEYway"P26NPart$ cul2839Cidkedse YHER nt dgraat ed A eIRIuCt Or
circuits, thechubsbyagt earit ar ir@l athiwdiayenhaqgti fidigdeornthard | ghal ayBke W th

the result ndesi rabl e diffusion of _substances fromthe .
net al - cont al&gﬁéaal a"@jelrcri1 ntd S hECEBAT EGndtRT orar%ar‘?go]r{&t §VERd 1R i cul ar
25 intd®n &isedivat etirsetricedduceégiosabstwhiehi smagl i mddylavaoisedand

therefore the.glegLLhC | e f e ] [ conponents remain
unaf f ect ed. Fﬁrtﬁe%%r?rﬁﬁpgﬁ ést ?)af?etbr%t esfeﬁﬁ&%g@&#a@% ézové)rof‘e’o‘ﬁ:st hi n
seed | ayer,Poinf t Hdversgtyt hat fiectsst t i antar il eceldechewindalrademosi ti on

of the metabrggnbakni NGnl aygE | $:8b9Y f LeRRLIY rSIIPlA qlb Howgver; g in
addition to, an ECD ?rocess of this type, it is also possibl'e to use
convent i onalTRYRS P 1 PVEOpAGEESYEs EhEUrtaes ndFaini fizssadeverowittd wetal s or

al l oys 1%t iboayep poashbheihg useiflepedapmtal &, sailghalr t hergleatircal
properties @Qﬂéggalggcrystal | i zat it n of the rft al - cont ai ni({1g | ayer can be

i nproved further: o "TA1202W "5 r GOAHSEHY, REN @S oFGHER | y
deposi ted neimateothal mavgithayegsadne betagisseshbataect ys1al lliizdtdean can be
carried outppy aunealdJiealy 1 agm tREPeLALYLe,LaL A ymRer, of daysp i th the

result that the effort and ™5 costs can be reduced significantly, and in
particul ar $hkleflectrical properties in associated seniconductor conponents
remai n2gnaf fected. Alternatively, however, it is also possible to carry out

an anneal i,@ja tﬁ?rrger ture range from)] 00 to 400 degrees Celsius and 10 in
atime range’$TOMTAD B0 MYRREC I with HSEGds AT e, RUadfer fdre, the

el ectrical propedingsaoprohesserfioronphwinti cprpengedtsoneRnangukstianti al |y
unaf f ect ed r tion,i.s sigon.fi |y _accel erated, .15 I n this context,
it is prefera g‘ggl&%ar%y'lgﬁt %@%%#%%%%l I":le?sajtsletoann?% g%ﬁ?’elﬁn&-‘a&gs
-at nosphere apd ng MeHPSYEVar géa orcanryacumit wi t Fudidhemmntd, t hahe
undesi ?@3' e ctatdon 16f Bhse arebdl - CROt APING | B¥ep Ll PE G ShibrlhY
prevent ed. 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



20 A target thickness is preferably set to a thickness of less than 0.1
" mcroneter, with the result that during subsequent structuring in
particul ar el ectronagnetic or capacitive coupling problens between closely
. adj acent 25 figggéﬁgﬂnects can be greatly reduced. In this way, a desirable
aspect ratio or height: wdth ratio of less than 2 to 3 can be achi eved
even Wi th vesstsmalihnfeatdd € 8bagaceh viiRtiglconpagt V\éﬁé@éroﬁggifﬁawrther
subcl ai s characterjze further advantageous configurations of "t he
i nvention. PF®RYMeftSon is described in nore detail bel ow on the basis of
an exenpl ary enbodi nent and with reference to 35 the draw ngs, in which:
Figures la and b show sinplified sectiopal views.illustyrating significant
product i on %Q1n958§9ﬁe- B S&rEf uFﬁV%IW%Ea#ﬁcanggﬁQéﬁﬁioL%Yefand§beﬁe
process; SFi g shewepa shepl nkicad -ploarn adinewid orthiilnl ustidat i agn  be

structure-r crystalliz [ ties in accordance,with the
prior art; g% 'Idﬁ¥%§ 3§§§§g3d g%%ﬁ?%?ﬁ%ﬁ??iedlgéﬁﬁ?%ﬁfﬂ vﬁ&%& for"
i |lustratingpaditgiifliazamn pRéBepgostesss dnval pedcesst hsinweohlorind-

production @fy Rt abrePhR! NEAGME RLA ST égs;aTQ%rq&vr%rmw % degeripgd bel ow
on the basis of a Cu |ayer as netal-containing llayer; other _ .

net al - cont aidfithgdesregyerSelahdsi PHidd i awest- AIn AghandMmaY.Auitmaysal so be
ufsed inllal)_he p?%rm_blly@y Ald er @gﬁﬂﬁ&%i@{@lﬁi’ al ngieilpi S §ﬁ/ﬁ$ctfl?fet heep‘:[ggdulcti on
of metallization layers are becom ng . increasin i mportant in particular
in sem condTé&™ ﬁ%FUH?,aE?neéugHQQ’éf*%ﬁ&%%f?nggoﬁéﬁhzo WREivity
and t her ef orceppast,ersidyadre di eSS apk@bsDate rgduged power consunption to be
achieved. Particularly with very snall feature sizes of less than 0.1

m crometer (with regard to their thickness or 25 height), however, the

probl ens ded&ei bwrbiystablimtboucthonknessl tis wwrafarsbymi fsietarto i acr ease

i n resipdanesiQGeWsd NG N RIHHLY! AN ECOUNLC And hier very; sgal {pgrain
sizes in the electrically conductive material. Furfﬁernpre, such snal |
grain sizes TP&¥d % o 186 tan Hesdyedsdd 1At inflesiq atwf el @kenbhy grarom

towards thegiraspecdixesi aherqanaetsl-Ebachanahid s18fcthese Hovedved
alternative wrin nateﬁjals nay he rquced in this way. 35 The process
accordi ng t&"t Ae® &éﬁﬁ(ﬁ¥%¥mﬁ%ﬂ§iﬁuﬁq t¥¥PHOW?Y i s possible, in a sinple

way, to produce netalcontaining thin films with a |ow electrical resistance
and | mps@vedagkacliathy atkgp PLARETtigS WHEDGFAPeR® YRt SHFRLd 0L, VerY
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
25 into an associated semiconductor substrate is reliably
avoided and therefore the electrical properties of the

semiconductor components remain unaffected.

Furthermore, the substrate material may have a very
30 thin seed layer, with the result that in particular
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
35 addition to metals or alloys it is also possible to use
doped metals, so that the electrical properties and/or
recrystallization of the metal-containing layer can be

improved further.



In1202WD - 7 First of all, as shown in Figure 3a, a diffusion barrier
“layer 3 is initially fornmed over the entire surface of a carrier substrate
1, which includes, for 5 exanple, a sem conductor substrate with its

. associ ated el gy | ayers above it, _in order to form for exanple, a
first metallization layer or wiring level. A diffusion barrier |ayer or

l'iner 3 of tﬁﬂﬁﬂ&%ﬁDpSIm@n fore expoPhEni €41 13, dadbsTtDy Whkpgpisim lar
10 materi al s, which relhabl prevents undesirable diffusion of substances

froma top ISRERHHY ¢ 3Y§éﬁldﬁﬁﬂu €N 9 dhphents BFCEY Skt LbAALEPB
substrate ohadubemﬁarf&eaubstrayeaﬁneeuuablwxIﬁodﬂfﬁémpéwe£Mréhf§rnature
does not ca Se, robl e a dl Lan rr er f this type
may, of cou%%elﬂﬂ% §|§geﬁ§§HSmAYh é?ﬁ%?% %%3Fe § & a:§§EH:I3 r 4,
whi ch COES|sxsﬂxio¢aexawpleedeéedhelsanﬁhnuneﬂual asdannaqpmatluelakZO
cont Al Ng (CHET e YBLER ka1 S UDRSGUERLLY 4% DEsLOETRHCAN SRECONAELLY SO VoS

to allow sinplified formation deposi tion e surface of the
di f f usi on bé¥¥m¥RHQQ§¢ErrgmaBékhUﬂﬁéfﬁpﬁﬁdS|ohlbarﬁﬁEnVBéyer Bowederhe seed

| ayer 9 are ifror ned, afigb egveeheaebyt6eae§r9@ ac3® PYR (Rhxaheal s yapgur
deposition) ,process or a enlcgé vapour deposition) process. In the
present exeﬁﬁ?ﬁF?aeﬁﬁﬁﬂlﬁ%ﬂge HE5ebd0 ] &yerd 0 dg%$§?%%l§eééﬁéF%t%n%f a Cu
seed | ayer, iwi th ttme resnbé $Qomhat0 adresal meaatasni rwgt@J diyereSulwith a
first gralntﬁlée |§ géned Qn th subsira e.naﬁer i al gr t he diffusion
barrier |ay&t 2and tHEEEE0 T &yer B 6°5T &R ysPﬁPPFf £P8n Phi ckhess dl
which is S|gﬁmﬂm@@mquQKuckecompanedeS|red raha$nfonnﬁubnmaﬁti&ﬁlyetal 35

cont ai ni ng lugl)é%rfe\rite\ef % ?Jdd&loﬂe{%\%{%l%ﬁgl éce,cg%l@{g@%g agai n be

carried out by neans o nvent i onal process, i's then
preferable to use an el ectrodeposition or electrochem cal deposition

processl s ECn thﬂéZOgM\ﬂtexﬁ ehectiechﬁﬂbﬁékagﬁe%té' OBdrr{n bhts gase,
the seed layer 4 is as an.electr qr the metal containing | ayer 5

with its fi ?Fr§F§PAﬂ§FfélfH‘gFBMﬁ%nsg?ﬁedFQ@V§§FhlPF%@FPBﬁr?hNE%HE%S dl is
preferably Bisebgta,a \aalgnel oforgr dat eradurgn Gvihm artgretefsuMt t hetide resul t

that a Iayehngg% ggg 4%8 énglghgn E recr¥ﬁéabég %%gﬁpdég?he

produced, in |cu ar Wi per belng useé

di f fusi on bbErreﬁlabﬁerp3ewanuaﬁeﬂso possible in principle to 10 di spense
W th the seed |ayer 4, but this nmeans, however, that the growh conditions
will be worse. As an alternative to the above- descrlbed materials for the

net al - cont aPnitAFIREy dh i GtRgs asieupraferaplyr Bt 45 pt thdchingspozEible to
use all oys ﬂ)éstFtﬂ?ﬁladTg(D ali Smlwlrbﬁleitaﬁ‘ L esitih  that ,rwdtggtomdurlng
I’EC]UI rement ectrical propert]es or _ si L T1 € uction are
achi eved. Eﬁ%ﬁﬁggueng 3gﬁg§qﬂﬁ%ﬂ%;%ﬂ ?ﬂft ?Vgﬁraﬁ ﬁléﬁmﬂiﬁ?qic X0 of
Cu, Al Si Cu eppacitdvef Sumhin® preodenfs 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 1b show simplified sectional views

illustrating significant production



‘20 Cu, or CuTi, Culn, CuSn, CuMy, CuAl, CuZr, etc. Now, in accordance with
" Figure 3b, in a subsequent step a recrystallization of the netal-containing
layer 5 with its first small grain size is carried out, in 25 order to
.produce a nﬁrﬁlzw ai ning | ayer 5" vvi_tt(}) a second grain size, which is

| arger than e first grain size, whilethe recrystallization thickness dl
remai ns unchanged. 30 On accounfy s thepygusgal | Y nhi gh | aygiehpi Gkpess of
this recrystallization thickness, recrystallization fromthe first (small)
grain sizes to |arger second gPA"PSGEs PEAFeE3Honding to the

recrystal |i zatguyre thhi ckness dl ,sHoakes Pl agieneveni &d repant epper at pse and 35
over a period of several days..ihgfe t he, nunber of grain size boundaries is
now reduced, the electrical co S the metDHELOMET TR FeYer is
significantly inproved, and el esdarysatgrlatioatiovhi ch pakesrplase  in
substantially al ong these grai récl%%urrgjanrci:eeswith Itq116202¥¥) z 9 .1s
significantly reduced. Furthernore, qurS hg an anhed T n o%’é'r?ati"%ﬁ of this
type at roomitemssr ataurtsy Icher shicwy neimpédffied asgctatohal ovdlewsquf pnent and
there is no possibility of the iqllqlcstggactaﬂngor opgtthes; el 2 se 'ggggéljgt or
conponents |ocated in the substrate material or Carrier substrate

changing as a result of thernalSibERAshduéBYCbULHi f fiisi ofthepPr ef Y@t yve
howeveriothis anneal i ng oper at i ducti®brabli ede 08l -EBnRati BRRGI aEWL K range
from 100 degrees Celsius to 40 ,Se%r ees Cel sius and over a period of 10 to
60 m nutes, resulting in consi & 'y accel erated production of these

| ayers and in scarcely any deterioration in the electrical properties of,
for 15 exa , £existing sem conductor, conponents. By way.of exanple, an
anneal of {Tﬁ‘:hg tﬁ/ﬁ&esﬁgél%%rrllsegeg%trli nedaC%%lP%YdPHg-tg}b% %?%rb?pﬁzrea c(lf)'rlrpri si ng
Nz, Ar or iAdayeracaumetdoheventaining akgerpossinge natakbtamtisining

al ternatsve 169R41 ofy 1) WA GXi dathRn Bh ERLol ZQ.LonA A, [ayer 1
substantial |y prevented. |In accordance with Figure 3c, in subsequent
process stepSERe HBt dih&ofRERNI YRY | ayertesrnafiite t Fetesdenie Pfe.thhs ger

grain size icypehi pped tie a gieridyaddar et Abthhickaessnd2)apeekerapéy by
carrying oui) chem cal nechani cal polishin CwvP). Alternatively, however, it
i s al so posSFHFPEH caf??r%ﬁfl%gﬁyet cmfﬁ(gr{ﬁ%%esg&, BWPéFBt]%ﬁg ptcesses

and/ or el ecteopalinsinictg rpriosdssesogy he sikeical -tdorg aahilog laayeimpopeadf er abl y

30 bei br : i y hem cal.. r io [ jau{ d in the
reversggowaygtléga%lﬁg\y&%%r%c{e%ﬁ%g%%ég%ogg[sfcger{ prg%%éssei?ﬁg fazi!rdgg%]ig%i ckness
d2 can now BeI&€uced PRiwekneSIENngs: igin | te e haghdeved: cronet er and
preferably to thicknesses of |less than 0.1 mcroneter, with the result that
an extrenely thin, planar Cu layer 5" with extrenely good el ectrical

conduct i vi t Y3&hd CYregtlvy Wiy e?'%%Hoﬁ?@FHFFoﬁ%reépé’rq iS5 9 SERAR ai ned.

This I N1202W0mick@meter (with regard to their thickness or
25 height), however, the ©problems described in the
introduction result, with a significant increase 1in

resistance occurring in particular on account of the

very small grain sizes in the electrically conductive

material. Furthermore, such small grain sizes 1lead 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.



'is because, as shown in Figure 3c, the grain structures renain
" substantially unaffected by this thinning operation, so that a desired
structure which is known as a banboo structure is obtained in the netal s
. containing lgyefofye A grain-size structure of this type could not be
achieved even iIf significantly higher annealing tenperatures were used if a
netal -containing |ayer of the target thickness d2 had sinply been deposited
at the outset. 10 Metal-containing thin filns of this type with a_ thickness
of |ess than ‘05T nith orfetler BRe sg'b‘?)'é"ht ages FHpERtP2ul af détf AgSsaBsequent
structuri ngbadritcmt lagpaci 3i ies codpkiag 1pet neeReadjeent theat esgenpects i s
15 signifi C%’Hﬂfyagedgfe%- C'I'o ach}eve sutjch a favougab e lack of sepsitivity
to capacitive or @ et r Sneghet 1T coUBPrAGSe itr i ¥hashaliny sat§*t o have
t hi cknes8/ h&ixgnmp Ireat | @s seaspecducapbirosiudR it ¢ egsthhan 2 4esatiaost 3,
which in thecase of; ver é]ﬁggeag e ; inltrggr&ggg ci{(]%ui fSpheads to the
required | ayer thicknesses being < 0.1 Vim™ Figure 3d shows®H"fi na process
step accor diS¥¢MPd Sahia hf thet neebdl Ebpakianngaykion off IWwhiinoptéonbl | ¥
structured 25 fifisQ SeSigHdi it er COPYECt 5,01 13 n3kr uct urgd ”@rff?é CO@@%W ng
| ayer 5" '. Strycturing of this type takes place, for exanple, by ans of
convent i onal®oReE StSeact? Ve r8RPeEe hig) Tar o%é@]ses?llw t AN B wadbiaexanpl e,
phot ol i 1hhogmapkird arsgcesseriBhi ch 16 dgopn 3pradntRer ef o H0taescri bed
previ ously @%‘fifﬁ .been carried, out for _nmaski gg gur po Structuring using
o

es.
a wet - et chi 1§ procéls P4 aP88S56LSES e FER™ h SR ot2¥&Fat+VEPyY %%r se
st ruct ur es. sghikPantduculcar | gomponepper o5 usesehbtohliacoetal s et v td ng

layer, it iggpaossgdbl e he |jLet e reference Yan Ye et al.,
"Devel opnent of Cu gt%g%qgﬁcseggg?g&%dgan%%gg%%y&ﬁt efgco%ﬁg%tuss'l,onpr%geedi ngs
of 1998 || TEhéEnfraenee, deagesnOB5 cavde238nyi PushleEms, | al20Rfusidl

struct urg ngpesicigra ghkeni ne- baged wefichi nghejpal i catdii gl out,at a
tenperature of from |80 degrees to 300 degrees Celsius, and as a result the
cu | ayers wATER®HFES ¥L&fi-vely difficult to handle can be 5 structured in a
sinmple and clean way. The invention has been descri bed above on the basis
of a Cu |l ay met al,- contai ning layer, but jt is.not restricted to
this opti on%gﬁgﬁle%g‘tgﬁee’sgtn%e%ylﬁl $o 19° n&@ﬁﬁ&ss&’s ‘é{?‘llé??‘né:tcmlsemts'
met al - cont afEarn@xeatcdrd al of witiheh drave wlaféeieht asecaystakthialatieal -
propertiges abndihffergnt At R CKRESSES; s | e t 1 avention
i's not restrict ed_to%a gy%lstrate n%ser?%k%ggﬁ?%ﬂgllﬁﬁl}éad%% zfl%srgrjf%?:%{:]oanrll uct or
circuit, butSPa&PRéRLLY 15°KH§SbetPorddlo¥ n 1He khfkedayf ormationt Her
calrrierlsubaépaf;eﬁi@ﬂ,\/\hi68a@e&erdhtft}H’é gg%talz;iecalbky @wdwﬂﬂﬁsﬂ&yer with
a lowelectrical resistance is to he r ..In the sane way, the
recrystal | i 2afF &Rt Ef‘é’ﬁﬁe?s gr?dﬁl h"g‘ef a‘?bg?u?h?ﬁkﬁé§§lﬁlre lé‘ﬁﬁ/e;f mert%®ned 20
by way of eklhepbeeflolageCu 4l ayer ;fatrest, nBbereéabspiay by pleame pife £ equire
differert tpjgkn - [ icul.ar .al ternative recrystalllization
t hi ckness. Inlgggggl?Q%Z OaBBEE H%@os@Ql%n) %%ocess 3SR IdAS
(chemical vapour 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 1is 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 it is then
preferable to use an electrodeposition or

electrochemical deposition process (ECD,



‘Patent clains 1. Process for producing metal-containing thin filns with a
" low electrical resistance, conprising the steps 5 of a) fornmng a

nmetal -containing layer (5 ) with a first grain size up to a

. recrystal i zagipgowdi ckness (dl) on a._sypstrate material (1, 3, 9); b)
carrying out a recrystallization of the nmetal 10 containing layer (5) to

produce a nedkeéceontieeni Ogll ay@sosbtiom) th Bnsaqond FHald sicae Whkgh is
greater than the fiﬁst. rain ?il ze, at the lrecrlg/stal Ilfzat| on thi ckn%s_s (d1);
and c) thi n%arpée’f he® netal - U8ffai Aitng Aay &1E )04 t '@ he tBeseBBidlgrain
size to a des@ntmjimmcgeﬂaybirclﬁ’le%i(le)i.t32.fil%l’s;ﬁegﬁaaﬁc%ri_cbel’lgtc?]OgE’afwent
Caim1, ch cterize urther step.o structurin e

met al - cont a?#lr?'ng%glﬁi ng?P?!%EF%l;Llf Safh tfelﬁécéaggﬁd %failﬁ spgg%FBaBrléfduce a
structur éd rigtalteontedhiagofagerat®r 'thard.0 B} ocessometor di wijthotRat ent

daiml or Zekhy achgt! 200 d ol NehibikadleP i die kechysialldgal kgn 25
t hi ckness (dl) is set to at Yc_ness mp greater than 0.3 'mcroneter. 4.
Process accdiifint 3t bivabiopat éft @uadrcadt o 3n chmmcieriaed wathhat in

step a) the cupsdr abeingt efééh. 3Grhagha ddfdIsiay basriele | ayeEuE3dn 5
Process accqrding to,one of Patent, Clainms 1 to 4, characterized in that in

step a) the st at 22KEFeri al thad Sh dLeq PEFSRY) . 185 By inrigiessto
accordi hg t dispersfe Patertt Qtlae nEséetio 5ay©liralr a;(;tefb%t_ed tmid ha;he?ﬂs$éep d)
the seed | ayer, | and t.he diffusion barrier |ayer are structured.

| n1202W0) - We?’.ge)rl-"r oq-'g]eastseta%%o rl%oht%o%ﬂ?agb?nﬁ’af’éﬁﬁ éeaiwﬁbrsf'tp 6,
characterized in that in step a) a CVD, PVD and/or ECD process is carried

t. 58. P i 0 t i to.7._characterized
o 2R BECOL POk S ERLEDL0Eh BBl o L 2118

net al - cont aithiendi¢ edeTceBtyinbng pleyess axweh deag o ohd, oRgPateniud ai ns 1
to 8, 105charaglerdzed pdsdfvie i fostgR ad1doRed MBIy apecassd ocform the

netal-conta%%gngréggfg (E%Qt, 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 Si and 0.5% of
20 Cu, or CuTi, Culn, CuSn, CuMg, CuAl, 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 is 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,



'10. Process according to one of Patent Claims 1 to 9, characterized in that
“in step b) an anneal is carried 15 out at roomtenperature for several

days. 11. Process according to one of Patent Clains 1 to 9, characterized
in that in stepp®Iw@n anneal is carriedput in a tenperature range from 100
degrees Celsius to 20 400 degrees Celsius over a period of 10 to 60

mnutes. 12.idr ocgqs;su&qc&rrdﬂr}g teeaneeaf Pateptn L AbPE, 1 tfidilhg
characteri zed i n{}i}hat in st the recrystallization is carri Ld &Ut in a

shi el di ng- ga8 "4t Js'b‘?\ef’@er?%lf@ Cﬁo&@%§ dotRs dRfig BPHnEewPepatane. d ai ns

1to 12, chaﬂm:xt@rlsenimneéhatfolrnasltyemdzj)lﬁlftﬁlatlilzl@@lérﬁéﬁkngﬁg Eg%)ce'ts set

to a thickn romet er.. 30 14, Process according to one
of Patent C]elzslsngol to 1%1@1% c{%e‘fl z{eTPla |nle‘ﬁ%’Er1"ﬂa§t eBTePeLtERP, ot

dry- etchﬁng,swc@l@mw anabmpoebecttsr opobestedy pnocesse i ssabstiradeout. 35

15. Process acardingt 0o ope; of PabeslClaims, 2 ta A4, eharacterized in

that in step. d) an RIE process is carrie .
Process accOrdiTiplly ocduredaperdi tfushen2 to 15, characterized in that in
step d) a chlori ne based etching chemcal is used at a tenperature of from
| 80 degrees Cel to 300 degrees Cel sius. 5 17. Process according to one
of Patent OFi r? s, E’H&P’&Et'erl*i]éﬁslnat%alllm%te}@m)ra&lm cheni cal

etch i sldsedarrAedA AXt. AinA a AtAmie A tAlkdAl réln AS f@b@aagéa? g] Ca] Ca] ca] cal
[ a ca

cal cal CTa] cSTARLoN i o] 2o earats %s?@&dsl ABE0SEE: b oG ShohDe00s:

=??@\BBD} xsicd 20 c afiga] toad ,ca]rm]tda:]mm] cahc?{c]l:zc@taésabmg] C@d:@@léﬁ&i@@]jca] calc

aQQQ3] Ca]Rgg]Rgg]Sg%b@%]&qw] C@%f(g]r}c?] S)%g]nlcgzl‘g?cg] ca ca] ch ca"CATE Cae]lé’a] c3f¥a] ca] ca

] ca] ca] ca] cAFESFERTFEd A cal]fbg]tdf)ﬂ c&lettod] val calnenent tad capfa atSdEy
12 /f‘c&l?)s 1@?%%}%}%%@1;1% réi% f{o%?al&' ()- I m' 10%@0{’ SO 1086 LT Fr 100
()-L310%& fX?BIE\}el, MPYORTPealigof this ' type is carrled out in a

shielding-gas atmosphere comprising N;, Ar or in a
vacuum. However, it is 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
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!~1F"10@bb&fég-(éowggﬁg%b!pstructure is obtained in the metal-

5 containing layer 5”. A grain-size structure of this
type could not be achieved even if significantly higher
annealing temperatures were used if a metal-containing
layer of the target thickness d2 had simply been
deposited at the outset.

10
Metal-containing thin films of this type with a
thickness of less than 0.1 micrometer have advantages
in particular during subsequent structuring, in that
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 1leads ‘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 5’’’. 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 possible 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, in which
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300 degrees Celsius, and as a result the Cu layers

which are relatively difficult to handle can be

5 structured in a simple and clean way.

The invention has been described above on the basis of
a Cu layer as the metal-containing layer, but it is not
restricted to this option and in the same way also
10 encompasses alternative metal-containing materials
which have different recrystallization properties at
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 may
in principle require different thicknesses and in

particular an alternative recrystallization thickness.
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with a low electrical resistance, comprising the steps
5 of:

a) forming a metal-containing layer (5’) with a first

grain size up to a recrystallization thickness (dl) on

a substrate material (1, 3, 4);

b) carrying out a recrystallization of the metal-
10 containing layer (5’) to produce a metal-containing

layer (5”) with a second grain size, which is greater

than the first grain size, at the recrystallization

thickness (dl); and

c) thinning the metal-containing layer (5”) with the

15 second grain size to a desired target thickness (d2).

2. Process according to Patent Claim 1, characterized

by the further step of

d) structuring the metal-containing thin film (5%)
20 with the second grain size to produce a structured

metal-containing layer (5777).

3. Process according to Patent Claim 1 or 2,
characterized in that in step a) the recrystallization
25 thickness (dl) is set to a thickness of greater than

0.3 micrometer.

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

30 has a diffusion barrier layer (3).

5. Process according to one of Patent Claims 1 to 4,
characterized in that in step a) the substrate material
has a seed layer (4).

35
6. Process according to one of Patent Claims 1 to 5,
characterized in that in step d) the seed layer (4) and
the diffusion barrier layer (3) are structured.
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to form the metal-containing layer (57).

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

15 out at room temperature for several days.

11. Process according to one of Patent Claims 1 to 9,
characterized in that in step b) an anneal is carried
out in a temperature range from 100 degrees Celsius to

20 400 degrees Celsius over a period of 10 to 60 minutes.

12. Process according to one of Patent Claims 1 to 11,
characterized in that in step b) the recrystallization
is carried out in a shielding-gas atmosphere.

25
13. Process according to one of Patent Claims 1 to 12,
characterized in that in step ¢) the target thickness

(d2) is set to a thickness of less than 0.1 micrometer.

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

out.

35 15. Process according to one of Patent Claims 2 to 14,
characterized in that in step d) an RIE process is

carried out.
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etching chemical is used at a temperature of from 180

degrees Celsius to 300 degrees Celsius.

17. Process according to one of Patent Claims 2 to 15,
characterized in that in step d) a wet-chemical etch is

used.



