;" e3e*Y*V| P6T; ? Process for producing metal-containing thin filns with a

. low electrical resistance 5 The present invention rel at esﬂ“‘lﬁ‘mmulmuﬂmm for
produci ng netal - containingthinfilm; with a low electric , and
in particul af % % n Cu interconnects for use in sem conduct ekegenponents.

10 Hitherto, g abrication of integrated sem conductor circuits has

preferably invol ved depositing and structuring |ayers of w,ﬂmmwmm"mg
wiring levels to produce interconnects, an Al |ayer in pr | 15
deposited tdDaseredetenm ned target thickness and then struct e by neans
of conventional photolithographic and associ ated etching processes.

I ncreasi ngly, however, alternative materials are being 20 enployed in
particul ar fR¥oesesi f oire tealdd ugditricorme bykT 6ot a i MiBI t ygém f idmferwi®h achi eve

the incr eaS|leé‘mt@gé@gkpgagepégggta;[gg use of copper, for exanple, for
Wi ring Ievels of this type has made it possible to devel op integrated

circuitswhich operate at nuch 25 hi gher speeds and with a | ower power

consunpti on, Tipa ap@eaetntof ireerst pon f | eadtlkysl owey resi stracess cofpared to
al um nium Howe ck of _usi.n Iternat v | s of s type,
in particul a?r%%’b%el?g glewﬁg “FeP&PIVEN %I £ 15 curftyl: ?mﬁangl i ?]‘g tthe %r%f’erl al

which 30 resalé¢strioal emmlsa;arfcre),m dlelpbs&m are ikt wkaet dd nghprnobTens. To

elimnate Lhase. PEOR)EOPs Py Ve OLnCY bsnagevgﬁope BB eheshnol ogy

illustrated Tn Frgures I'a an een igures la and 1b
show si Aflified sectional iIIustratlons denonstrating significant

production pi2PeYC e §5§9§cheyehve@flan@ef@e@\ee@tleé}aic&ﬁ@@eeérof this
type for formn net al - cont ai ni n filns rdance.with Flgurela

In acc
a dielectri ccHayettd i 938 depd$ eé@b&ry a §GB’§11 V&Ce rrgf'BP?éFli‘g\Ahl 2R for
exanpl e, repseseatsrangi rtltae}gﬁzaé edfsealonbdiomoriei maiing nlaveds cboduct or

substrate with el epental ers..abov t 1.5 .for in_the
dielectric I%@%& ¥or 1tn%eerlcnt elreccecflsdeﬁ ilcfll%ﬂls&su% ?}elrﬂsﬁl qléore%%h?%r med.
In 10 sudbseqdemesstepstoa adiffesdsorrmined ecakgger thimkhesssexed | Bpenr 4 are
formed both gn ﬁ{ﬁf&&f A89nkn 5@%55%9*@l%atlhepﬁbeéfmbgrgﬁme 2

all owi ng or si ubse uent growth of |"ayer
accordance v ﬁ@%@eﬂﬁd atdwnecﬁéﬁ\céélseﬁecham caI poI [ Shl ng process) is
used to renove the |ayer sequence whi ch remal ns above the trench and to

forma further diffusion barrier y%i/ as_ga so- c% caplay 20 In
this way, itIPSEPOSSPBlet Oﬁ‘)"teé’(?&ce e VRT YV E i REl )?ré'ﬁllfcﬁﬁeed eing
i nt er convect empbdgd Nahedaalts aMliech Boe def iicuinetal hiozmlt 2on Hbagees, a

drawback of fhis,pfocesg ks that fhene it a SLgnifd caphedeigEioraihgn in
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, 1in 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 i1llustrated in Figures la and 1b

35 has been developed.

Figures la and 1b show simplified sectional

illustrations demonstrating significant production



25 the el'ectrical conductivity, in particular, at feature sizes of |ess
~than 0.2 nmicroneter, on account of grain size problenms within the

metal -containing layer. Figure 2 shows a sinplified plan view of a
differently fo %@thur ed interconnect in accordance with a further prior
art, as disc 5 , Tor exanple, by the Fiferature reference QT. Jiang et
al ., Proceedj of. .l TC cont f e 7.tlo 9..,Accarding to
this docunen%?%?%eggt%rggggtegr -é%de%eﬁgge]%tg%r%el&%%g‘t z»‘fﬁzfz%%sl o§%3§hlllcsl ué)?éé;t ed in
Figure 2 wasteechedeinasnetaiapsntaonahgphhse, falmetal - contai ni ng | ayer
with different grain sizes 5 and 5" being fornmed in finely structured
regions wth, for exanple, a structure width wvi conpared to coarsely
structured rEyi 8ASOWPERCE WitinoBbywre 32, ser idiekCW Bt hlazer # thfs case

the fineby sidpiesired 6£05088pWtERLE Wadlkhiwh, 10RBCAPUNcOfetdifbTe smal | er
grain size, have a significagntly greater resistance than the coarsely

structured reROTRENWRt R hei T SHAGES GETRF O PES O THoReVEP 1 ta dPawback of
produci ng nmetahtomtduatog shbsttateswatht kilemeatturle lisyer higdotevet, of
outl ay which_j S .ated w e l.ogy. e ively
hi gh tenpera %?egagggb?%qge%nqﬁe%i%”gﬁg ?g%?%ggg%ga&ﬁe%a |l£1ghg‘%/en in
the 10 finelintercenueed rdgiadnsiswnsehseaayentdul tte nbehefermedri cin

properthgs ofyg ey &Mt CQRAUM OF 2 COIPONEd on being ;adveigeby & fgeliedzand in
el ectrom gration frob ens. 'In the finely structured regions, it is
i mpossi bl e t¥FYEhi@YRTt he 2&8mE eich ReFResOnefBR WUTH 2812 b nker tRfineal i ng

time and a highechanpgal | fige t eraenatdd@ic as1kherhe zoar selbwstiguct gf ed
regi ons, since tﬁe maxi mm%%%al n sizeis su?stantl Tl I% limted by the
geonetry of THERLIFYERYr BLPTRALH Br 8TPBTBeOFi I &8, 188=Fharefore the

invention is based on the object of providing a process for producing

nmet al - cont aif thin til 1 e I r esi nc I | s easy
and i neggensﬂ/%g‘t oq@ar %ﬁcggg%l%—:%r ?\ﬂie?ﬁrlofilﬂ#ec%’ i er?veﬁp?on??%@hggae% on the
obj ect of prerititamicakt AddmbEing ngrokiesshi | ks wi2edi e ovegove the

el ectrom gratj PLRREIhICRS . wHERT FeR@ i@ thSL8VeMd OPrehBhS QR eeb s
achi eved by 30 neasures described in Patent Claiml. In particular as a
result of tHheP¥oréafbbheF difbbateBnPATFIRg ILQY&ET i t3° LR 53t 48P n si ze
up to a recrygbaldy@ation thickness, followed by carrying out a 35
recryst bl ization at this recrystallization thickness and final thinning of
the netal-containing layer to a desired target thickness, sufficiently
| arge grain B zesiareanpchitved peesibtlet argatrddhiak essesvefy weihebgl ow 0. 2
m cronet er, Lt i achi.eye I#Q]_Z_‘- -9 ~hot b L mpr oved
conducti vi ti%%%%@%%%ct?%?nggégﬁbgﬁwr o%reéﬁ?)i\ﬁes.ma 0 p?%l\é%cew}gl%}?r u%f{ejr ed
net al - cont aidi gl ¢@ller, tPn BeBALGrt hgpwﬁ’"@ﬁrt hé metzdwkasmit ai ¢ ngtehfn film
can be strugity@sssisi H9tEQAVERELkENak Rr GERESES, camt hudte Pastdelbarian R E
process,_or aﬂaroc?ss usi ng chl ori nebasted et chi n% chenicals at_a terrgerature
of 180 gg the electrical conductivity, 1n particular, at featur

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 1in 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 1llustrated 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



300 degrees Celsius being used. In this way, it is 10 possible to
~sufficiently finely structure even materials which are usually difficult to
etch, such as copper, silver or if appropriate gold. The recrystallization
thlckness i s Q{%é?ﬁ@bly set to a 15 thigkness of greater than 0.3

m cronmeter, W e result that recrystallization to sufficiently |arge
grain sizes é@r&@@u?@t flaepnal, nhﬂgtm}éercas% aghieved din, aspardd e arly

sinmple and rapid way. 20 Particularly for usé in integrated sem conductor
circuits, thee@h®REr #i&hma eWFthrTé&L'haQ’é &CHOMGsi ©h BaLHiTerSTay€L with

t he Iresult t@ﬁémnO&&éablr@x@hfEuss@@n@glaabswna@@eét@m tﬂ‘bﬁs;stance_ |
net al - cont al Into.the sem.con ctor conponent s n | articul ar
76 Tt o an bt BEEG BN RS I QU B w5 OMEBB Ty (LT ha

t hereforé thgr&lectsiizea. plﬁo‘peVéres aof drhebaem amwdp@bdmaugpmm?s— remain

unaf f ect ed. %\#?%helrll ?egh#’{l F;yg %t%h lt%'rem% r}ja e (%\yedgo 1th n

seed | ayer, par cular &1 ect rfoc e p05|t|on
of the netal Gla:blmal nivigi drayeris s leg@mlad;&ﬁlt | ywsEhpl |f—h@d W@nel n

addition to go. 8%‘3%%%1 of EghﬁttﬂéQ?K i drS @0 PESEE! P tSfe
conventi onal CVD or processes. Furthernore, in 35 addition to nmetals or

al loys it isdemard padsiddl eafs uRIWHoRAY detal %nn%%l%lﬁgt RN efBetFial

propertines anthery r%ﬁﬂﬁﬁ&ﬂédatﬂ@&fsth@hmlal megnt @eeumg IaMerue@n be
i nproved furt ectrochem ca

5 Part
deposi t ed me¥ ?%tb]ﬁjt%?ﬁl r?ﬁqpa?fwsargfbéﬁ}?g éacoﬁg}‘]%?%tﬁ?mﬁ’%ﬁ?n%% can be
carried out lezagnnealdv@gs@tly ooaffecr'pedatw'rejfonna mﬂﬂacetrrcmﬁlglag/'s;owth t he

result that rt ﬁpd 1.5n§05%| esﬂ? b&f@é’%{?féj% né{&ggnt I Yr ap

particul ar t r| cal proper n assocl a condlctor corrponents
remain unaffm@ﬁSlW@e’ma@pbeEye hbeeweme ot ajig aﬁls?@%)os%’\f@h evighcarry out

an anneak | mahdEPPerat e {899e Mr@én 10040 490 ﬂ%}?@:@ Ceéﬁhé@lﬁﬂ@ 10 in
atime range from 10 to 60 m nutes th the_result furthernore, the

el ectrical propePIiesref e déni (FbﬁduEPBFS@ébfpoﬁEﬁF%tPé?rﬁl nT€bSESNnt i al |y
unaf f ect ed afithgs oduet ik irgurs| gmaﬁhcmtzley asceh@isatzedialld v nlibisedont ext,

it is preferable.to car out a_.regr lization in .a.shielding-gas
at mosphere (&Y ngk}ﬁ t P&& Trdr g8h Fh%/ ata FoULES h THE T e SHS tt%at]éie
undesirabl e tkiedi on of the netal -containing | ayer can be reliably

prevent? . 20 A target thickness is preferably set to a thickness of |ess
than O mcronmeter, with the result that during subsequent structuring in

particul ar eTherebmegneiic ormWaIFadn i Ve c&@Fischg opr obhensobaedbencEl osel y

adj acent 25 ;sfw{&mglegt ?r@@@s@e f@rre@iﬂo)adcq%ceﬁbtdlmém@amyng atdesi rabl e
aspect ratio_AR or ratio oi can be_achi eved

even wth ve# ‘%?raf’”'llt%“ea? ur18w5|‘°z RCOrLtH etr(‘?c?rjrr‘?é@t"% d‘f’]ﬂ§0h3dsTh% PHrt her
subcl ai ms chatdict dniezgpensritveer advand:agepus C(L'(In.fl gEnathemrsmoate,t hethe

vent! 98 Mg ivent | 0 15, descrbbed n Igee detsl L el o fbeabasts of

an exenp di rent “an hFeferenceto 35 I'n which:
Fi gures 1la amhtlaalrsimw gitvipl | flildassewttbnalmptewedi |¢l@¢tmmh@r§tgﬁnf| cant

production 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 1large grain
sizes are achieved even at target thicknesses of well

below 0.2 micrometer, so that it is possible to achieve



5 10 15 20 25 30 In1202W) - 6 steps involved in a conventional Damascene

. process; Figure 2 shows a sinplified plan view for illustrating
structure-related recrystallization properties in accordance with the prior
art; and Fi gytespsaoto 3d show sinplifigd_sectional views for illustrating
significant process steps involved in the inventive production of

netal - cont aigd iy t Rinpridvie®®. EBRALBYERELQBSI S ge§Crided-helpw ok ihe basis
of a Cu layer as netal -containing | ayer; other netal-containing |ayers, and

in particul #TMSIBESNd/ or Au, may al so be used in the sane way.
Alternative materials of this type for the productlon of nmetallization
| ayers are heconi n | ncreasin ur%rta rt| cul ar. i n sem,conduct or

t echnol ogy, ?n@eo v af | &\ i ﬁg)naa F‘W%?garﬂdﬂf%r ef Br ¢ f ast er
cycle tifies fantkladso sate'gedtt(h@d meuverbcmm:mrmﬂmqn ttbllne athmevean be

Particul arly, smal:l. fea f 0 1.,00.6ro er
(with regardst &hde%é,t h?%l%rrtleqss %érjlﬁﬁ%rl%lﬁg?a? oﬁever e pro e escri bed
in the intrdaRictionzesant RIW BFogesisgre | @aﬁﬂfOpﬁ@seatﬁeln{h ¢ekesingrce

occurring IrbaosaéctI@%@{n@%@&ﬁp@ms0£tt§etaﬁ15¥r§€al_»é gkaiposkges in the
el ectrically. conductive ria Furthernore, such spall grain sizes |ead

to an incread®y ﬁﬁﬁr@ﬁ@espﬁiﬁésel%rﬁ%m‘@eﬁl oAD't ot ¥is WaYe rébpetiive
i nterconoectigossisi denedfd ts sﬁfﬁlhels@qmpyel fin&lyer rwttmycetmtél ngeveterial s

Ry be oSG IR ) SRy, 396 TUROSERg REFRLAL B! GrGe g now

met al cont ai magpdhi nsflvems aonthf aapoonoptestei gal].dt:eS| st ance and i nproved

el ectrom gration properties which can be used even for very small feature
sizes of < 0.2 Vim In1202W - 7 First of all, as shown in Figure 3a, a
di ffusi on baite erecayeraslizatppni ahigkneated overefasabhyi sets i ake of a

carrier 1§Ubsﬁﬁﬁé}@téss whi €£h gf@é&@@s t A& 50 %%ﬁ@éﬁ@m@té?m cRDERICt B e
substrate W|th|tsa soci ated el‘bé;fftalt} ers abov in order to form

for exanple, TeSH T sttt al 19 LS Wi ngH %Jv"ejren%liﬁl f¥3&5on
barrier |ayejraiin | smeeSS 1@1‘ theSntey_[ae—mm&lastr&ng‘ oilagzanylse, actidaed TaN,

TiN, WN or SI m | ar, jfo%f'%cgnéete Qg/events undesi rabl e

di ffusi on of 'sub ances ayer Sem conduct or conponents
or a sem conduct or substrate of the carrier substrate 1l reliably. If

di ffusi QP‘aOf é:ﬂ!lsed?éﬂﬁ degg nopsgauss, a”?[n@é@%%@é asé%{éé‘édl@é‘t&:?

barrier yer, thi s type may, of course, di spensed
Furt her nor e, CiHeHeES 5 5h§eéd1hse¥y@rt% m%?éhaéoﬁﬁ%tgav?o@ e@h%‘P%lo%f t he

sarrE rr?t eri gtaxetsl@ﬂ aghy elkl netyad t 20 eaet alfkéélgltt a?/%:cha\t’m cindé&s sedseguent |y

to be forne essentla erves ified formati

deposi ti on, 0}%2%{ FPO° #hgu}gﬁff‘ﬁﬁgs rf’We tgt rq)ac;h Dt %Jer?lrf%yg?y? Bot h

the diffusi dmtuar rtiber bayeércod dand crhe compdnkayer 4ndr eifhorpeed; idwlaexanpl e,

by nean§5off%to 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 1is 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.



25 PVD (physical vapour deposition) process or a CVD (chemical vapour

. deposition) process. In the present exenplary enbodi nent, the seed | ayer 9
preferably consists of a Cu seed layer, with the result 30 that a

net al - cont ai pi Ngy layer 5 with a fi_rgt _grain size is fornmed on the
substrate material 1 or the diffusion barrier layer and the seed | ayer 4 up

to a recrystghli zahi 9p1{hi Gkdes Se td c b Eflerh Sc$1 g fd@@é@iﬁ/e&hlr%@éll han

desired. This formtion _of the nmetal 35 containing |a 5 wth |ts first,
very smal | (FatresRyRIcaRYSRSe Afai REBETCAITTRd But” YRkl pfe Hon
conventi onal cdyDoer cg:i/Dleaoeessbybutnnleraluslgt ken et araiderdtutsef an

el ectrodeposition or el rochem posi ti.n proce (E I n1202WD -
8 el ect r ochen*E4P eae&il%%ﬁ‘o .wf‘ %5 craesseulq-t ghig %ﬁleafgr%oéf i s° u%ed as
an el ect bodecéotst benndial cedtaedi rsgdraﬁarcaﬂdth/y,t hands ifni r}sar’grcamhalsl ze to
grow on. The cryst i zati I S 1 ab val ue
of greater t ﬂg 5>i %ﬂércéaaﬁ%té?oﬁ@k?ﬁ@?hz}rfegh?oeﬁﬁggﬁa %%@/ﬁ? t |c ngss
which is suf¢<i>1n}i>@1i’n@nt@r rergyiyst ahkiffgcited i sAprednetdvell, pakeWeuear with

copper being; yseds Iy dde pans pyay ac%tf&%rcilyff@%ltonaharéhﬁéahay@ﬁ 35 it is
al so possible in principle to 10 dIS se with the seed Ia er, 4, but this

neans, howeVetPehatU¥ fie I§FREG riflb‘?iﬁd Pork® wiPP PeInBrEe’ eﬂcs“élr? att@rnative
to the abovende§ct|lb@d rmfg%r:ﬂl(ﬁnfm tl;)dae6netnahu¢@|m]t , aiwiitrg ‘dd}ae/eresxshtlh as
Cu, Al, Ag o u, Is also ssible to.use allo . _dop S,
with the resut %At‘th ur el g gcﬁ] re&&lelpécr‘%rﬁg %8vg &l eggr ?E%
properties memnmpnhdtﬁcédr pr oductipemeartes achi eeadlnaam@ssmn‘dl)@bby met al s
of this typ , 19 i 5% of
20 Cu, or wf%j#%‘d%%g B&Q)ECQ%)%&I £ S%%%C%w g?:%feégé:g?%ance W th
Figure 3b, in a subsequent step a recrystal l'ization of t he netal - containing
llayer 575w tinitgn{d rdomld, grial NS 2@ rle¥ eGRl1Iced teut ca'r@y25ogf:deé tO
produce a netal - contal nin Ia er 5" with a second grain size, whicg

| arger than TReFYFratiyta hog. 7@ ahi T R eI St ACSRNESR t%?&l&%ess d1
remai ns unchangesgesd) Qirgscount ofntwecuspsualtly hitlgéd | aysulthi tkaess of
s rocTystaitiention Lhiokaess, Lectys!t flddpaldan Jromd e s stahsmll)
grain sizes 10 r'ger” secon rai'n §i Zzes, "correspon

recrystalli zmlmllxhbbknlesgvehl,tedakes pl ace even at roomtenperature and 35
over a pgriod of several days. Since the nunmber of grain size boundaries is
now reduced, the electrical conductivity of the netal-containing Ia¥er i's
significant % Fapesbedhigkacssedts oM Grekdohy RAFCR Ot dke pFigeess ©

substanti al | ye & orgahhesel gﬁ@fbm@wﬂﬁr wesh tHa1208W0t- that Sduring
significant ln%/‘f reduced. Furthernore, ur| an annealla eration of this

0
type at roontiRAPIIELr 8CIPREPEIPE AD rﬁ’é"l FOH nyF e ? &€ etti Brent and
there is no posschiivéey cofuptlieceel peobilemb rapezen eslofsel yseaigandatt or

componepgs 'ﬂ%@éle Ar@e@%h%%st at %Ig% a}akegr?gamﬁ sHD tr 1a

changi ng "as Fesul er rral out usion. Pre abl'y,
however , thl%emlfﬁ n@ﬂ@%@‘lﬁarﬁﬁhol &R1 @ rc Ayslid otitdth l’aa‘th@rp@{fai-aﬁé range

from 100 degd1e8$ 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



Cel sius to 400 degrees Celsius and over a period of 10 to 60 mi nutes,
. resulting in considerably accel erated production of these layers and in
scarcely any deterioration in the electrical properties of, for 15 exanple,
exi sting sen}cg&&g‘gbor conponents. By way of exanple, an anneal of this
type is carri®e in a shielding-gas atnosphere conprising N2, Ar or in a
vacuum However, it is also possible t i sh_alternati ifions in
whi ch oxi dation of netal 20 contaihi ng?Pg§%§Q%‘s gabstaant?%ﬁ/%n%?%ééint ed. In
accordance with Figure 3c, in abaubseeuetrproeess step the
met al - cont ai gl ayer 5" with ¢ econd, i £ £1 &4 0651 Pf Al §5 S Zerd s
thinned to ap%:lggf%ed target 25 tﬁﬁ’:‘iness. dlz,pplref eragEISy by C]é.l’l’ i ng out
cheni cal mechani cal polishing (CMusiFaeiativel y, howeseirer¥etatetso
possiblesgto carry out wet-etchifgepjoELEBLsat dbi - et Chidige Pt DE€SSEsiand/ or
el ectropolishing processes, the netal-contaj n}lang | ayer 5" Hef ergbl y 30
bei ng broken down agai n by el ectroeheACalI Y ERcHPONRTI AT a2FFqufBin t he
reverse way FogtiheseBactoosben siadwdepapltifdredproeessondhe vtigwget fohi ckness
d2 can now be set to thicknesses f_less th +Z.m_cr.omet
preferably to thicknesses of | e}slsf)?%aﬁa%}ﬁém cr%gﬁg]tlgrl,rgav%ntt h tﬁ%o?gegﬁlt t hat
an extrenely thin, planar Cu | ayeeps” winvelawcr endly ¢oed elBeeRbedf
conductipyi ty and greatly i mproved,ghecisQMmdy ahk@a1PLEpRELE AR StRbhai ned.
Thi s 'n1202WD - 10 is because,_as shown in Figure 3c, the grain
structures remain substantiall yfuHa$fected by this thinning operation, so
that a desired structure which is known as a banboo structure is obtained
in the netal s containing | ayer 5". .égrgi -si ze s{g_rucéure of fthis type
coul d not beTBBhIBVERTdPEN 3§ dPERT+PEEN F@OPﬁ gtier “3RnBaPHRg Yenpelt it ur es
wer e used iflayeet ak- aentai-riong diayery dfaydre terlget tétgknesstd2nhad sinply
been depgsited at th utset.. -Gontaj ni i, fi {sthis type
wth a ﬁ% ckf\%ggr(s)f §8§sa h%ﬁrﬁlfgflgﬁl%?r g‘(raféter trlgalgllg/%%vﬁa%i aﬁlgi ?nsga(ti cul ar
during subsegsedt igtrGbeursage iw'ayt-haﬂl‘éapaéiﬂ@ivﬁe_%wjr% s b&fneER18dj acent
| nterconnect 5,58 15,51 g | gapklicrgduced. i Achi aves suich g chavourabl e
| ack of sen5|¥ vity to capacitjve or electromagnetic couplings, it,is
usual |y nece8eapPipg haVveia THHESS/ haMGRE LARLT osl%asé’é?cr?“r i%ds) AR of
|l ess than 2 fenatoABsttdr WRiGhdJInge shsee otheer ylllangeascamnprafed
integrated circyits.leads to, the reguired_ | ayer thi.cknesse Lng.<.0.1
Vim Fi &g)re %8“‘3H85\/§Vég¥’i GRA Pribteso sy egagﬁ%& giyﬁ&%t o%lﬁelsts:hgr'?%eglso
met al - cont ai ai ngdtbed poleri scoptimpralkhy tst bectwhdédvasl.i nt o desired
i nterconnects or a structured netal containing layer 5 '" Structuring of
this type takes place, for exanple, by nmeans of conventional RIE (reactive
i on et chi ng) Pprbtesseslywwihh By EH lexEaaitece phbt®Fi Phogfaphiean
processes whpch @aferknewar30 @ndnt helRfaie nad desert bedhperuesss! yrhavi ng
been carried out for skin urposes. Structuring usin wef - et chi_.ng
process 4% al€bIpbssi gﬁ\ﬁ?"ien‘gq]‘r%e 0558 ofprroek?u‘]aetrﬁ/el §e§85ﬁg3%strlu%t u&gg. 35
Particul arl yihfreeppetohs bsedlfpor wheh met alsiconitfdicsnty liayercase is
possible to use.a fromthe |iteratuyre n Yan, Y -vof th
~~Devel opmsnfe%fSEﬁn%‘FchoCpcruorcrelsrqsgfgr;1 a%%%ﬁ%g & ?ér%}ergggtﬁﬁglgt g, C
Proceedi ngs vérg988alllTQ vanh esénes, Pagése235 eatdr D3BL 1Y ncahfgrtive

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 pm.



| n1202W0 - 11 structuring using a chlorine-based etching chenmical is

. carried out at a tenperature of from 180 degrees to 300 degrees Cel si us,
and as a result the Cu layers which are relatively difficult to handle can
be 5 structhﬁgszW@ sinple and clean_way.. The invention has been descri bed
above on the basis of a Cu | ayer as the netal -containing layer, but it is
not restricted to this option and in the sanme way al so 10 enconpasses
alternative petal -containing materials which_have djfferent . ,

recrystal | i zat¥®h p?gpe?%ies aF FRPER ent™t hitRHES SR 15 tHEf§PEChay, the
present invebirpNeks INDter eStrist achittdad 1subsdrate mater i ahewnehiracl udes
a sem conductor _circuit,_ but rathe% %& %St%py bew or, drﬁ:L&r% sapp. way on
any ot her ca??Fg?cguﬁgffht%@rﬁheﬁhi8 & €Ery %hin, el'ec rlcaeiy conducti ve
| ayer wi tth aekampékechr iszali agesisttancesilgsst pabe Wortied.td nasdhecsaned way,
the recrystalibgaiion tigkpess.godet heytargel Lpickness aggepnl yegpntioned
20 by way of exan? e for | ayer; other materials may in principle
require di ffexanplehi ekfhessesmainalila zpdioncdiageraralvwiering i evel. A

recays;alIiz?if9@s§?hpkgg§§%ﬁ; I?; gngp?hlaiﬁ%&teF; gygin?hﬂs Pepsess for
producing netal -¢containing thin filns_w a |l ow ctrical resistance,
conprisi ng the"&18pS’ 516F H*FWAFmg*h Wét'alrf-aé%ntgfﬁi nd™ éﬂfersf%liaw th a
first gnain sazeriuplsp a mwedryst altezbabdy t hipokwvess s( d1) unde sl salbsér at e

material (1, ,3..4);:.b) carrying .out recrystal lizati f me 10
cont ai ni ng |%§E¥u%%°? t%fxw%kﬁékﬁ%Fe ta 5@%n€aikfﬁg F%?S? (gg§omﬁ§ﬁéa
second grai nsehzeondhcthri sappeateart g han tdhe sktinisonguaitorsi gebsaratae
recrystallizati t hj ; c I1nRig, th He i 9k ng
| ayer (5") m?%hq?ﬁé %ﬁkggﬁgn%%g%gfﬁQgiz% %%lggéggzregfpgﬁg%t_tqﬁgkness
(d2). 2. Proeess Acder@ ndred Patenta @i mnt, RRaPbeReri ZeddbyfemeoRurt her

step of 16) spiHeidfi NYa{ &L Nt abs COplhas Ni Bgpé hima$) | bE5" todPs¥) t hpé he
second grain, size to produce a structured netal -containing |layer (5" '). 3.
Process accottiRgRt®IPateit daim 1 or 2, characterized in that in step a)
the recrystallization 25 thickness (dl) is set to a thickness of greater

char act o1 zeios S ERIE 8 h SUBEoa) 1he SUB% rat Lo pmter 0l b FAA RehTf usi on
barrier | ayefox 3pxaBplprocdssteceriengatewimel of s Pahect@al niettaio 4,
charact epi zedohflaf Rfhg! Na§EEPwRL chNE sSuUBRlTRfR RLEH Al pd1ago Ansgednbayer
(4). 35 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 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 1is 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 tc use an electrodeposition or

electrochemical deposition process (ECD,



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 |ayer (3) are
structured. I n1202WC - 13 7. Process according to one of Patent Clains 1
to 6, charac&eigégg inthat in step a)_a CVD, PVD and/or ECD process is
carried out. 578, Pocess according to one of Patent Clainms 1 to 7,

characterized,| W ep ; Agrand/iprg Al oiss Usegdet ogfggm the
nmet al - cont ai %ﬁﬁg#gg}e‘?}“?g% 8%%%1(::%?;{) écc%fr?di n Sto gr?e "of %ggt e?lt Clainms 1
to 8, 10 chatagesri Aediisn tised | BSst & a)e RpetPHet af @r areheisedetdlform t he

netal - cont ai BLAGaLAYRE (Ryer 1§ FiesesgACEOrsH n?r_&@no@ﬁz_@ef #at gasbwC ai ns
1to 9, characterized in that .in step b) an annea s carried_15 out at
room t enper aPlre Tof LE&FEVAtaddyLatipn PFE&Eggeﬁéco‘i]di #§ tBEBhEL AP Pat ent

Cainms 130 Betcharacteniueedfi yrdwien nclsdrepd b) miceomeadrj sweahrtkd out in

a tenperature range from 100 _degr ees. | sius to 20.900 r ees .Celsius over
a period of ESSngatf%Q‘nu? egéyfg. loc(%%esssac"é}&%nést osugfra]e G Bat %%% d ai ns
1 to 11, charactesizédizattibat iis stepodliceétie reor ysattliatdaon witbarri ed
cut in a shieldjng- : er 2 3. o agcorginngyt erQpe Af
Patent d ai m(gogb?g %ge,slrgiggggtgér ieIzréinh% t%%‘g' (r%\’%?t e%gfc)tq{teﬂed%grggt °

t hi ckness (dQ?_rl‘fsegetlat}tﬁl’a Bhi dkness @flSIOes%Of’tf’rﬂdihl@. inmRFigfeiRke 80 14.
Process 1grcogdipante opetdf Rafentsdddi Mayled 0 43, whar aghesi zedahp, that in

step c¢) a CMP, dry-etching, wet-etchin nd/.or el ectropol i shing process is
carried out.h@BGYS.r'PFB@EsghSCSEPHitE‘gC?)S%&rrréo&fs ﬂ&‘[ién?’eawaﬁrrﬁe 2 to 14,

characterized in that in step d) an RIE process is carried out. I n1202WD)
- 14 16. Process according to pne of Pat t_C% | ¥ t : ?r erized
n'that in shepcl GBS bASeA e Ry Sheeae Talsdy EPEL ek
t enper at ur e ohef mernall8@ cegriesisigCel sy e, t 6UBDO adedfeesAlel Sidusor 5ART. _
Process accordi §g L9 ANeodls:BALH, Al M1 20§ do a5Petanbent seduiRnt hat in
step d) @ wet-chemcal etch is used. . .
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 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 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,
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thermally induced outdiffusion.

Preferably, however, this annealing operation 1is
carried out in a temperature range from 100 degrees
Celsius to 400 degrees Celsius and over a period of 10
to 60 minutes, resulting in considerably accelerated
production of these layers and in scarcely any
deterioration in the -electrical properties of, for
example, existing semiconductor components. By way of
example, an anneal of this type is carried out in a
shielding-gas atmosphere comprising Nz, Ar or in a
vacuum. However, it 1is also possible to establish
alternative conditions in which oxidation of metal-

containing layer is substantially prevented.

In accordance with Figure 3¢, in a subseguent process
step the metal-containing layer 5” with the second,
i.e. larger grain size is thinned to a desired target
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
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
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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remain substantial y unaffected” by this thinning
operation, so that a desired structure which is known
as a bamboo structure 1is obtained in the metal-
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.

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
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
integrated circuits leads to the required layer
thicknesses being < 0.1 pm.

Figure 3d shows a final process step according to which
the metal-containing thin film is optionally structured
into desired interconnects or a structured metal-
containing layer 5’’’. Structuring of this type takes
place, for example, by means of conventional RIE
(reactive 1on etching) processes, with, by way of
example, photolithographic processes which are Kknown
and therefore not described previously having been
carried out for masking purposes. Structuring using a
wet-etching process 1is also possible in the case of

relatively coarse structures.

Particularly if copper is used for the metal-containing
layer, it 1s 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

)-1S3"1
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carrled out at a temperature of from 180 degrees to
300 degrees Celsius, and as a result the Cu layers
which are relatively difficult to handle <can be

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
encompasses alternative metal-containing materials
which have different recrystallization properties at
different thicknesses. In the same way, the present
invention 1is not restricted to a substrate material
which includes a semiconductor circuit, but rather it
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
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 (57)
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) 1is 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).

S. 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.



"109& ()-Z! "10%:& ()-Z! 1 10%H& ()- 11 109668 ()- =->0???2@a@XJI<10!! 10
10! [ 6F" 109 ()-X410% & () - ! &$3" 109 ()-I 8&$3" 109 ()- | &$3" 109 () - @AB\BBCD
oM} "109& ()-! "10%& ()-310%vE& ()-!
“ss'lO%I&'% ?2@ | TO9NE! () - Of S109/& {) - 10DDVEVEGHH HzXJ<11}® "10 10
10! 96F" 109& (?3" 109& ()-!1}8(3"109& ()-! SYVL0%E ()-Slo "109%& ()-

HUHLHA |1 JKoMe1! - ?"é@e@s(bccoré'iﬁ ‘V@o( Jond ebé'oﬁ@&té])l\ ciakﬂng/dl to 6,
& ()-1s 110966& ()-y@ 0% & () - LyLzL{L ® ()

"10%& () - 9F1@0W%§er(8i©%/&n()thaj?o 10 stn % 1@%"?) PlW\l /%/ﬁ%%sy I'n°
98" 10%& () -'pdBcdO&i§) carrid@BAK. ()-! "109%& ()-!" "10%vMV& ()-!°

"10%WVE' () - V\PP Q}}R R RORaVK@'!n" % 10M 10M 10M | 710%W& ()-6

10988’ ()- @ 109%VE ()-",, "109& ()-!,, "109% ()- OR@RROSSSf TI[9VK@'!'S
"109%& ()5 8. Process according to one of Patent Claims 1 to 7,

characterized in that in step a) Cu, Al, Ag and/or Au
is used to form the metal-containing layer (3').

9. Process according to one of Patent Claims 1 to 8,
10 characterized in that in step a) doped metals are used

to form the metal-containing layer (5').

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 1is 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 cut in a shieiding-gas atmosphere.

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

(d2) 1is 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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17. Process according to one of Patent Claims 2 to 195,
characterized in that in step d) a wet-chemical etch is
used.



