‘ e3eT* ET@aAt CQ.CTD6DT*EMh 8 Met hod of electrolytically form ng conductor
structures from hi ghl'y pure copper when producing integrated circuftgsjy JUL 2003
Description: The invention relates to a net‘mmmmlmmmﬂ“rol ytically formng
conductor structures fromhighly puge coppe e conductor paths,

t hroughhol es, connection contactings and connect.sgepl aces, on surfaces of
sem conduct or substrates (wafers), which surfaces are provided with

r ecessMethod of glectiotyticallyformiagecbrductoristrudtires fedmdighly pure cases
where the recesses have a high aspect ratio. To produce integrated

ci r cui $@PPeRWhen pepduging integnated sirguitsechni que is used, wherein epitaxy
and dopi ng net hods are enpl oyed. For such purpose, nonocrystaiine silicon

di scs, so-called wafers, are processed by physi cal " ’M@e“ﬂmm mmmar to form
vari ab[bésé,qm;gg-ptlve regions on the silicon surface in er range
and, for sone tinme, also in the subm croneter range (preseodby 0.25 Vim.

) The production process can be divided into three steps: (a) production of
transi stors_and nutual oxidation thereof; this process is also called FECL

(Front End d&herinyentiqn: neé@t%oﬂoo@mem@dmfnelegtrolytl@aiw foeming gageuctor D. W dmann,

H. Made n di rinaer- Verl 19 VLS| : El ectronic
M cros%trlﬂl‘g{flﬁé%?%éﬁ jﬂg@§ gﬁ@ ﬁéfﬁg%g f F ?’Ug Qéﬂfugtﬂ ﬁgseﬂé@ hVol 19
Advanﬁ@l@sc'vé&ﬂ_&ﬁ%mdlﬂﬂactlr?s'\/ldﬂdmécﬁihec%ﬁ‘ s, Hoff Rasges Dol Br own,
Academ ¢ Press, New York, 19 , 2 (b) cont act| ng an connectlon of
the i nslemnmhmiuctmnce—ubammml (wmfgm)al Wwihich ssdmfaxmrs rang oprevidedt heitfrOEL part
according to the desired i ntteegr ated circuit; (c) passivation or protection

agai nsf® RENVESN RIadEg B dRteghated ircusts, B‘@tﬁ%ﬁSQ?F'@Hym CALASTWGRR ubst ances.
the recesses have a high aspect ratio.

To produce integrated circuits, the so-called silicon planar technigque is
used, wherein epitaxy and doping methods are employed. For such
purpose, monocrystaline silicon discs, so-called wafers, are processed by
physical methods in order to form variably conductive regions on the silicon
surface in the micrometer range and, for some time, also in the sub-

micrometer range (presently 0.25 um).

The production process can be divided into three steps:

(a) production of transistors and mutual oxidation thereof; this
process is also called FEOL (Front End of Line) (“Technologie
hochintegrierter Schaltungen”, D.Widmann, H.Mader, H.Friedrich, 2nd
Edition, Springer-Verlag, 1996; “VLSI-Electronic Microstructure Science”,
Norman G. Einspruch, Editor, more esp. Vol. 19 “Advanced CMOS
Technology”, J.M.Pimbley, M.Ghezzo, H.G.Parks, D.M.Brown, Academic
Press, New York, 1989);



In the second step, the transistors are generally contacted by nultil ayer
metal'l i sati on and interconnected, the dielectric silicon dioxide hej ggL (21003
usual ly used for isolating the conductor tracks forned therefor. To produce
t he conductor paths, the connecti on cont acting holes and the connection

pl aces, an alum nium | ayer, having a thickness generally of 1 Vim has been
applied for a long tine by physical nethods, for exanple a vaporisation

nmet hod (el ro Vapeq atnl o] a; ri et . Sai d

| ayer is sSEZeq&eﬁ%ﬂr@t rﬁ@? ukgﬁﬂﬁﬁrﬂi tggb?ﬁee e{n(?ﬁ\?lﬁgglneﬁﬁggg Lég?jng a

phot ompatycystalinensiicom regiches of i thed FOBL qlateraccotdingttdr the adedifesl nost

advant ageous ~ alternative of the materials avail able for producing
condudtlearaigdidicufonnect i on contactings and connection pl aces. For exanpl e,
dermands on this layer are described in "Integrierte Bipol arschal tungen" by
H.-M Rein and R Ranfft, Springer-Verlag, Berlin, 1980. The probl ens

ment i oned t(agre Pegsivaliohas proteutibnSsshiRyt FRERaAICS! ABNAEE GPAddThs@t | ons, but
t hey cannot be conpl etely avoi ded. re recently) It has been possible to

r epl adke glemetnatiaomab yoreigrcsulidtgncesal | y deposi t ed copper (| EEE- Spektrum
January 1998, Linda Ceppert, "Solid State", Pages 23 to 28). Because of the
greater electrical conductance, the greater thermal resistance and the '

resi stance .o dLf i 3,.an i j O r eci per has
roved to o deartiril, stve. RN e HEBaRL et A cor
such pHORRSRr rhéRIIRRtI6A AnadntdlesmeRBE, theCdiBRIcHEsiliSorf AR Being

(I EEE- Spekt'rum January 1998, Linda Geppert, "Solid State", Pages 23 to 28,
and P.wGuallpdiseddfooisotatingl theigondBitar traels fobeed thgrafar. Vol . 42, Pages 567 to
574). For such purpose) a dielectric layer is initially applied to the

sem conductor substrate. The required vias and trenches are etched to
receive th J s j41g net hod.
Ator o difToa Sty ERbALoF pEtE, HhE ook Sote gk D T2l im

ni trideg corhettionplacds, \an dlayehiutmidyer yhavog teerthicknespegendrallg ofen
applied, the recesses, i.e. the vias and trenches, are electrolytically

filled mnthas eeoaprligd: ios e leng limenky physieskmethedss, for gxamme @se, the
copper_ i s deposited over,the epntire surface, the excess at the.undesired
oear | ROrREReR oMt TelssiBn: Poaht AipRaribn MetRft o oentind he

50- cal fnehddVP BaRCRYEr (CHEHESRuMRG RRictRedPsY sBRAREG) etchiilgt ineidds Ci rcuits
can be produced by repeating the process, i.e. repeated application of the
di el ectising & plotoessistpl e of silicon dioxide) and formation of the recesses

by etching. The technical demands on the electrolytic copper deposition
process are given hereinafter: (a) Constant |ayer thickness over the entire

waf er - surf anfurhiphiA3s dokkriobcinogll fersifodayiinbines Savifibiold! ended

| ayer thickness, e easier Ist sequen process; Rel i abl e
tr enchalterniating, ofvéme omaterigisdawpilablendbespraducingg torducispepathsati o; i n
B t)ne future, aspect ratios of 1 : 10 are expe%t ed;
connection contactings and connection places. or example, demands on
this layer are described in “Integrierte Bipolarschaltungen” by H.-M.Rein and
R.Ranfft, Springer-Verlag, Berlin, 1980. The problems mentioned there are
in fact minimised by specific method optimisations, but they cannot be

completely avoided.

More recently, it has been possible to replace aluminium by
electrolytically deposited copper (IEEE-Spektrum, January 1998, Linda
Geppert, “Solid State”, Pages 23 to 28). Because of the greater electrical

conductance, the greater thermal resistance and the resistance to diffusion



(c) Geatest possible electrical conductance and, hence, autonaticp¢ln é®?
great'est purity of the deposited copper; for exanple, it is necessa f #

the sumof all of the inpurities in the copper |ayer to be |l ess than 100
ppm( 0.01 % by wt.). 4 It has bpcone apparent that this technique for
produci ng the conductor paths, connection contactings and connection pl aces
presents advantages over the alum niumused hitherto. However,

di sadgmat pogationy eno@veabstialdg CODFpSPRAS aj‘rbvé@ecﬁ s idrg aftégaivettong net hod
of prior art, and such disadvantages lead to a reduction in the yield or,

at | eadaminigmniagh the qarefareed tratepiabduc fRosnsugha)pupese,s thautsoecalleddes are
used, Lt is disgdvantageous for the try of the anod t o, change slowy
dur ngDeRSsEseL terBNage obcxeployedcd EERE arkinde. JRoYBI, 008 FiRga ne

deposig i rRGESS ik t i kS si;hlie . hi eve an

di Ironensclg %‘Srlfgﬁ'@'sg:g?jl ?tta\)f/% anédéﬁ’eén:gg%jbgl séﬁaﬁyé'c%ﬁgiléagrﬁggféte I‘cl '+ ?%@F%ri stri bu%/i on

bet veqRed.Bevalogrs, arsl. 4DePugésss7 tret)deFort Sush pugREe, hidisleptriP! em at
| east partially, inert containers for chunky anode material are in fact

used, |ayenisdnitiahy appliehtd tressemicondustordabstratenoT he sequitesbvimaamddur i ng t he
oo erpheRL S aRpeR0 4368 RSBt S hRS L R Brw

f h mat er | e b bl ; t d,

{1 oo podenFR ek, MR EaMARR HERGE Ry REARTATINGS, kidirs! oPped. <o

i ni ti arl farkglupt eigider dindeaatsreiuetive Nayee smirty tspattera soppet) teaveat h, i n
order to achieve constant stationary conditions of the [pr_ocess q%gai n.
Nbr eo\k&en apekied Hhagecessesnbactheadas and teenahesastnalecualygealinidlasht h because

consodtte s SeCRRE yBRER pracds. | S s 23Ee el Ebopl 1. up o
anodesieddditeh0b At eBRAITTAMY, e Iekodss B liE dinidBsirbe | Baibnusaiens duri ng

t he copper position. copper salts are then supplenented in the bath,
thi s |teade subsequeniiyhieenaved againof Thisppappens Witk thel soicatied IGMFPUrn, in

order to kee uch content ,constant, . caqnsjderable outlay in respect of
cont r JITOSRES ABEMHEP-RIRCNERIG Ol INGd Multipyshcirogiscan be@radyssd 7003 5 (o)
Furth Ny o] re 4 A1k SA0 ases being
fovel b depealfa e hotest PA0EReAkE UBBicatdiCif e Bidipditic ol

example of silicon dioxide) and formation of the recesses by etching.

The technical demands on the electrolytic copper deposition process

are given hereinafter:

(a) Constant layer thickness over the entire wafer surface (planarity); the
smaller the deviations from the intended layer thickness, the easier is
the subsequent CMP process;

(b) Reliable trench-filling, even of very deep trenches, with a high aspect
ratio; in the future, aspect ratios of 1 : 10 are expected,;

(c) Greatest possible electrical conductance and, hence, automatically the
greatest purity of the deposited copper; for example, it is necessary for
the sum of all of the impurities in the copper layer to be less than 100
ppm ( 0.01 % by wt.).



gases separate fromthe anodes, which are usually kept horizontal, and rise
hpmaﬁdly in the deposition solution. There, they encounter the maferﬁBJUézmz
whi ch are al so usually kept horizontal and are situated opposite the anode,
and they precipitate on the |ower sgrface of said wafers. The | ocations on
the wafer surface, on which the gas bubbles settle, are screened fromthe
honogeneous el ectrical field in the bath, so that no copper deposition can

occur t her elt hEsehecemme apparent thatr thigieshniduedor prediingréresnd®itot ead to the
wafer or at |east parts of the wafer being rejected. (d) Moreover,
i nsol ubBibsacemBectiore caBtaGtingsdanh enpectien tnlates Gresenis adxastagesecause t he

ore o Pt BRRURHY A DiBERoer - Hokevary Usadialafes B G Abpper
| ayer bl Speifert A NeiRgSehIdNG FRARSA ST BABE ! B! Sug al faces.

or even cavities in the c Thi been descr or exanpl e, by

P. C. Andisaduantages ledd jo alveduction imtheoyieldent atlemshdbirdgledostisefoetisy addi ng
additives to the deposition bath) which additives serve to inprove the

| ayer Prsstiones. (f) An additional substantial disadvantage resides in the
fact that the applied copper |layer has to be very flat. Since the copper

| ayer is fornmed both in the recesses and on the raised |ocations of the

wafer, a Copap" VIMER sofutite Cshisss av@iu%adhﬁSisadmsa\yaﬁtgg%gﬁffef fhd i ckness.

When t he Darniaszene technique is used, the surface 1s s ed by the CW
nmet hodgebmetnycdf thaemodebdo ichangestolwlyadurisiy the deptositict slocegg, sines t he

structures (trenches and vias) can be di sadvant ageous. The best result in
the pubi§ @edes digsave dnwing kigcaepesitian processy With i vasyy thatchiper | ayer

wher e J ] o i i i t he
Fecess BBOSHE BT pof drgoshalREiR Al e By S, i
conseqfgRf finet BRtitAfion BEIVAEEn Ghet BRodsL Tl théparern | opdévebd the
di sadvant ages of known net hods and, nore especially, to mnimse the

i ncr easweraune dhisnprobtamopft derstcpantally, doatti capgainlsrafereshwiienh anade nor e
advant ageous, i nsol ubl e a Odf}ﬁéfa{e sed. ,More desirable to

preven egel a8 Pifach yxad, se . %}Sﬂﬁ%oﬁﬁg':dr@dtéﬁl ROLNEY LR e when
o Tharb O ORGSR GRS R I Bipel st rmSEetnL 0
i n t he adairogelativelys ebsily. on Athilet thdse soloatldd amodes besketsvarg beipgrtant to

supplemented with fresh anode material, however, the deposition process

has to be stopped, so that, when the process is started-up afresh, only test

samples can initially be processed because of the resultant changes in the

bath, in order to achieve constant stationary conditions of the process again.

Moreover, each change of anode leads to a contamination of the bath

because of impurities being separated from the anodes (anode slime). Also,

in consequence, a longer start-up time is required after the topping-up of

anodes.

(b)  Moreover, copper which is dissolved in the bath weakens during
the copper deposition. If copper salts are then supplemented in the bath, this
leads to a variable content of copper in the solution. In turn, in order to keep
such content constant, considerable outlay in respect of control engineering

has to be involved.



overcome the dishing problem These problens are solved by the nethod
‘according to claim1l. Preferred enbodl nents of the invention are flofiddlL P83
t he sub-clains. The nmethod, according to the invention, for

el ectrolytically form ng conductor Structures from highly pure copper on

t he sem conductor substrates (wafers) when producing integrated circuits

I ncl udes the follow ng essential nethod steps: a. fining the recesses,
situated on the surfaces of the wafers, with a full surface basic netal

| ayer, preferabl ving a thickness of between 0.02 p,mand 0.3.Vim to
produce suf?q)ci e#ﬂ-’%Sﬁaaﬁ%a\W&@ oMbl anesles)areusad, dherg) is efigk ofieposi ti on

h : R £ ' d; b.
Ful | <o Bl G 8 v dhgded TBonii G O80oRBh Hiresh Ml cicpess on
t he bagasesreéphrdt@\eim e AhoelesC WHMH Bre u%ﬁéf* keppastizomal, ERidngse i n a

copper deposition bath, 1 8 JUL 2003 7 i. e copper deposition bath
cont ai wpwardly in the depositiengphitionon There,dbey &incoeatar toa avadeisd, whigh conpound

f trolli h 1.CO- hani cal ti f th I

wel 1 arergepi el kP KT AT eonem aiuBleatiopRashe e arndder RESJORX age bel ng
| oot e ek _ ; e b

B A I R e o S R R s e,

an el estrface,cusn ewhidH ot bgasedubbles Weditles argl shrecpedntiwm ekigst r odes,
and the electric voltage and the flowing current either being constant or

bei ng kemegencpus alectrical field in thee batt.nsothatnno enpper sigipasitionl cars: a.
structuring,the cqopper lLaver,.preferably by.a nmet hod, Wth, the met hod
accor d?ﬁ%}lr?%‘e{?\'e i e'f?tgi'%#, Wlhf(ﬁ'] grt?)(giaé%blpéeéjy%ﬁ%\ﬁ@qqqegtmgy eaq %0 avoi d the
di sadvgql Refest G atli@fst\RirsCarthbneNRr BRidiPrbj¥dehant s for producing integrated
circuits.

(d) Moreover, insoluble anodes are destroyed when pulse

techniques are used, because the noble metal coatings are dissoived.

(e) Furthermore, no phase boundaries are allowed to form in the
copper-filled recesses because of a copper layer, which grows from the base
of the recesses and/or the lateral faces, or even cavities in the copper. This
has been described, for example, by P.C.Andricacos et al., ibid. An
improvement was achieved there by adding additives to the deposition bath,

which additives serve to improve the layer properties.

() An additional substantial disadvantage resides in the fact that
the applied copper layer has to be very flat. Since the copper layer is formed
both in the recesses and on the raised locations of the wafer, a copper layer
is produced, which has a very non-uniform thickness. When the Damaszene
technique is used, the surface is smoothed by the CMP method. In such
case, the increased polishing rate (dishing) over the structures (trenches and
vias) can be disadvantageous. The best result in the publication by

P.C.Andricacos et al., ibid is shown by a copper layer where there is another



It was surprisingly found that, by adding Fe(ll)/Fe(ll1) conpounds, not

*onl y:can the above-nentioned di sadvantages (a) to (d) - as descrﬂd@duiﬂmDE
195 45 231 Al for use in printed circuit board technol ogy - be overcone)
but that, contrary to every expectalon, the purity of the copper layers is
al so excellent and that, nore especially, noiron is incorporated in the
copper, so that the deposited copper neets all specifications, nore

especi glightt iNdeAtdtidn clerang réesss0d Thigtlentaldr 4o 18adIR)BREYIGMSS Or whi ch
there is hitherto no plausible scientific explanation. The observation that
even adwimgwalishing. cker nmetal | ayer was formed over the recesses than was
formed over the raised structures was particularly surprising, so that the
di sadvant ageous effect of "dishing" is conpensated-for. The advantages in

Sscert ai nea Preansindthed B BrsRlotry fhine hRestnt iVEEICH B avib,r s
pr oducqﬁemgéu\ﬁarng?wfdh@ﬂahmsmmcms BAEO Kb HREA, ?c? PninFRdeCthie be

clearly reduced, ough additional ingredients, nanely iron salts, are
added tincreheedepartaminatidratofi. th€y popréd goatings aippieedowhgncthet anore at nost
10 ppmigyon, The result which was found,is ntrary tao the expectation

that, RAVEAAIRPUSIMISOIGHE 2RRERS Aeedsed t hMarepwRi tit Ja desirablevten nor e

st rongl i i Vi Oft A I e ce, there
veo ner e RABAE SRANGRE R KMo n e oRPer ' SnERIRCMBRE L ¢ For
producifagmingt eBé atSsbeat sruttufes Ganescddses havingCla lakye Repest ¢ateept is
that highly pure chem cals should be used exclusively for producing

i'nt egr fwthermaraei the probiemerwhish geauid ftone supalamentinghtheotoppar saltst hi ghl y
sensiti,ve,sil,jicon,. Thiﬁ [equirement | b&sed gn the fact, that the degree of
cont aniRalfoAeBPsting sqlutian acg to, Eﬁiﬁﬁke n all B rRIggrBrédmR 419 s greater

when t*@vé?@%%ﬁhefdi%?%ﬂémon of the chem cals used to produce the
circuit 1s greater. amnation of the electrical regions in the silicon
is to be avoided in any case since, even with the slightest inpurity of

t hese regions, disadvantageous consequences and probably even a total
failure of thaese rRigPlems areoselvetlehycie reethpdr aectding e odlami dn

techni Gsegedah B EARBIRIOFEGHYbRioN e RERAL! N 1L lpRigs! equl rement s for
the purity of the copper Tlayer are made 1n printed circuit board
technol ogy. I n consequence, the use of iron salts in this case could be

accepted wi thout any problens. Furthernore, it is known that iron from
pl ating bat h§heom sa¢¢argingo i dheainveptionwinrc glasyieivically rferming al so

cobal t - Fansid udlftes, rord ERYT g’ horhef “ohYR& Srbe gt X os)
gyﬁgt e@aﬂr}s’tf&'\t/g?g?@ﬁr@b wiRePCproduirgcintsira i cirddits InERRRS th8Xolléwl(riy oc. I nt.

) essential method steps:

a. filling the recesses, situated on the surfaces of the wafers, with a full-
surface basic metal layer, preferably having a thickness of between
0.02 um and 0.3 pum, to produce sufficient conductance (plating base),
a physical metal deposition method and/or a CVD methed and/or a
PECVD method preferably being used;

b. full-surface deposition of copper layers with a uniform layer thickness
on the basic metal layer by an electrolytic metal deposition method in a

copper deposition bath,



9 Processes, Devices, 2"d, 1991), Pages 275 to 287, for the deposition of
an al'l oy, containing copper and iron, it is described that a cont e,n$ J@[ 2003
iron in the deposition bath (15 g/l FeS04 ~7 H20O), which substantially
corresponds to the iron content in $he copper deposition bath according to
the invention, leads to a considerable iron content in the alloy. Reference .
is also made to the electrolytic deposition of iron-containing alloys in
ot her publigcatio BahMha: i i ng

el ectrol ysiig of ﬁcﬁgﬁéefﬁggﬁg'gﬂﬁrﬁaéﬁﬁﬁ%ﬁﬁ ﬁg}lc?égf?rg@‘tgﬁgﬁ%r gﬁgi npl e
techni que for measurcengatpiieadtanges adtitiebecompdend, for ToRtrolingi the Proc. -
El ectrochem Soc. (1987), 87-17 (Proc., Symp. El ectrodeposition Technol .,
Theory Pract.), BOYSIOG-MeE)anicalcprpperigsophihe goeper Bxarstas welleds at al |

| ocations of the er. | chi eved, Recesses with a usually very snall

width, or r ESDECFI%@D @‘@@{?em%%m%%q& apérret er, are very rapidly

conpletely §ille A et ] e i netal is
fil 1l ednWeldiyie %ItasggSWspI%gjhfbtee%géﬁ ﬂ@sﬁéfe&f.éﬁ?f

even achi eved over such reces over e raised

structures. |n cdimeugienaky stdide aouh&ar-dlectrddies, swhizhgareninspiabissin ng by t he
CWP nethod is not ver%/ great. The_recessesﬁgener_ally have a width or a
di aneter of bet wHihbathiandnpranghbirdo contactitbesewithpt $o thatrameledriasual |y

substantially 1 Vim ntrary, t o _known t hods, ..t he copper l.ayers obtai ned
by a production ?&[EHSP@H&VS( @gt‘%%e%‘ﬂ%d&ar%fs ﬂﬁ@ fhﬁ/@ﬁf‘? 'eéﬁcér%%ﬁal ly thick
at the 1eading egagstied elttric SihegRahd the MGRG cafEnfithbr g 2! et a

wal l s and at the base of the receSses In the case ere recesses have
greater |ateral donstast@rsbeiffehangedrpédraymit tinge dgeltiye ffoinh @faurtiher sur f ace

contour of the wafer surface. The disadvantage is thus avoided, where the
cross-section of PiRRlar R¢ls€Ses at the upper edge is already conpletely

fill edavm' t hS&B?R“?iF{'g t%ié°§’£§§%%é5'%?ef%§%%§{%’{@ @’Hﬂc d_si tuated in the

| ower fegion o rece arise with such an
i nclusion of electrolyte, for exanple an expl osion-like escape of the
included fluid during heating of the circuit, diffusion of inpurities
t hr ough t he Withy plag ymethedt aceordingplaeths inventioned .is Aassitée fen thectingte i s

bt ai ngd, ich. i Lformy fill i th d ts_th I
roqui 1 Biients it e et steat of td bR RO wRiEeIeEetetaTa B, (o)
Fur t hepmYiBing Heglated¥ret@ges which arise when sol ubl e (copper) anodes are

used can be avoided. A reproducible field line distribution wthin the
deposition bath is achieved, nore especially. However, the geonetry of

It was surprisingly found that, by adding Fe(ll)/Fe(Ill) compounds, not

only can the above-mentioned disadvantages (a) to (d) — as described in DE

) 195 45 231 A1 for use in printed circuit board technology — be overcome, but
that, contrary to every expectation, the purity of the copper layers is also
excellent and that, more especially, no iron is incorporated in the copper, so

that the deposited copper meets all specifications, more especially also the
demand for good trench-filling, a phenomenon for which there is hitherto no
plausible scientific explanation. The observation that even a somewhat
thicker metal layer was formed over the recesses than was formed over the
raised structures was particularly surprising, so that the disadvantageous

effect of “dishing” is compensated-for.

The advantages in detail:



sol ubl e anodes constantly changes because of the dissolution, so that no
tinme-stable field line distribution can be obtained, at Ieast in 1 Bellbu@r
region of the wafers situated opposite the anodes. By using the

di nrensional |y stabl e anodes, therefgpre, it is now possible to produce even
greater wafers than hitherto. The probl ens which occur when suppl enenting
used anode material (contam nation of the bath by anode slinme and by ot her
i mpurities, operational interruptions by disconnection of the bath and
renewed starting and charging of the bath) can al so be avoi ded when

i nsol a) e aBodiganate albekpettitiohf it svad ssceramddsithgt thatdegreéhof he net hod
accordiqr;g to the invention) recesses havi ng very high aspect ratios can
easi | ycasdaminatian of the eepprsrstiictums: pwpsiice whqnuct!menelbusllbrssehie; ng formed

nad TRORBE AS: bbb Jerrhin BoBhBacbettn RaglipS 7o o "
el ect rlﬁ?b’ éntga\‘l% | HORY $8sN Gy ﬂﬁfé@t%{e Icabélh H%a?ﬁha"l"y§}€aky"‘h' | e such

a resu coul not e achl eve tI’O ytes puI se

cur r ertheaopper olw cdrttaigs atehbsid10 pppr #dar aﬁhg rasgitiwhioh whe fpuhd & current
met hod, the current between the workpi eces) i)ol ari sed as the cat hode, and

the arRSUBERMNYstosdhe qanectaliaminata by addin iteral peébstances tpndey suitabl e
ren® el B A 106 SR, ol BT ChAB e M R
wgg‘ Bk, URI donkkABene:, (thafe WagUiiftRiMo the 86hanbiteudeSchehical e per unit

which are as pure as possibie for producing integrated circuits. Generally, in

fact, the basic concept is that highly pure chemicals should be used

exclusively for producing integrated circuits in order to prevent contaminations

of the most highly sensitive silicon. This requirement is based on the fact

that the degree of contamination of the electrical regions in an integrated

circuit is greater when the degree of contamination of the chemicals used to

produce the circuit is greater. Contamination of the electrical regions in the

silicon is to be avoided in any case since, even with the slightest impurity of

these regions, disadvantageous consequences and probably even a total

failure of the circuit are to be feared.

Compared with production techniques for integrated circuits, not nearly
such high requirements for the purity of the copper layer are made in printed
circuit board technology. In consequence, the use of iron saits in this case

could be accepted without any problems.

Furthermore, it is known that iron from plating baths for depositing
copper alloys, which contain iron, is also deposited as alloy metal. For
example, in “Electrodeposition of high Ms cobalt-iron-copper alloys for
recording heads”, J.W.Chang, P.C.Andricacos, B.Petek, L.T.Romankiw, Proc.
- Electrochem. Soc. (1992), 92-10 (Proc. Int. Symp. Magn. Mater.



The .net hod, which is known fromtechnol ogy as the reverse pul se nethod, is
'preferably used with bipolar pul ses. Those nethods are especi al | §§sdilt 288 e,
in which the bipolar pulses conprise a sequence of catholic pul ses, lasting
from20 mlliseconds to 100 mlliseponds, and anodic pul ses lasting from
0.3 mlliseconds to 10 mlliseconds. In a preferred use, the peak current
of the anodic pulses is set to at |east the sane val ue as the peak current
of th@roaéﬁ@si,CD@Mbé@,SZ““THQQWEGFkagéK P76t tc0 8T hipraneddepdaiicresf iap pref erably
set two to three tines as high as the peak current of the catholic pul ses.
(e) Galloyupontainiag copped andevemt ibds Heoonlas, thaipa sgnient ofiéronnisdihebl e anodes.

The prpbl ens, ich_arise ep knaown net hods ar.e,used with the

pr ec!O ecpé’ﬁr{sm Be ht@és%{\ §§§&ugtﬂz@' Mr{&héugétlagf@”% FOTEERANASI0E®: e ¢ he
anode ' o ' e reaction
accor 3’5"5@6 ‘f"&aéﬁ@g‘%ﬁﬁ’%ﬁﬁf@h@@ Lé)%tp %%%gcﬁégg? ﬁgﬁq%@tbﬁl e $8+ e 12
occur s chisiiersisiauRes Gortentelretid iaflofCr eRBIEENEE {5 NElby irfHaé thegieons on the
waf er surfaces does not occur during the copper deposition, so that an

i mpr owadelctyolglicd depesitivreved ikmn-corgaiming altayise inlusthey putdicationsicforon of t he
i ntegrat ed C|,r(;‘ul_|lt_$rl Fur t her no .electrical ener,%y i.,s al so required.

re, less i
Accor @XNRI§ iphaH-eRANgEsHHt the q?gm%dyfms eetrolygjs f migkel. diam &€ hi ghl y
_ . f . bR
P s R A Rl NARRAGA RIS 1ot HaI SIS medRI MG by Bighadoqt LN

carri eslectwbded®, 31T Rimahkigy, Prothe EleftPeshdray €50 cCIY8d),Ng741q (Prbbod step c,
is omtted in this case. The above-nentioned advantages also apply to the
pr oducymn. Bleciradg@positiont Bechnebpgbeonaleact.)s8@t@5conduct or structures can
easily be produced fromsuch | ayer by known nethods. Besides containing at
| east one copper ion source, preferably a copper salt with an inorganic or
organic ani@yy, far o&wﬁ S r RBa S nat e,
copper, pyr@ghos&ﬁ?ﬁm@gggﬁr uegr%ggrgbgkgggﬁ%gpaelp%u gﬁgnﬁ Eeﬂpt he bath
used fwaferlie atsoppehiedshosition additionally contains at | east one substance
for increasing the electrical conductance of the bath, for exanple
sul phuric acid, nethane sul phonic acid, pyrophosphoric acid, fluoroboric
acid or am fi ' IV ~ant rat | jC
ngredi ent s apaset Wifh BRubaly ey Smal WA, ofrkeBeRbl IRAR BT 5o . 250
g/l prehalialtbmeter, akd0vegy| @by contAbtely Fitod plith intetaki dA semewb@ét - 350
gl I preferablyl180 - 280 gllor50 - 90 g/]. .

greater thickness of the metal is even achieved over such recesses than is

achieved over the raised structures. In consequence, the outlay for the
subsequent polishing by the CMP method is not very great. The recesses
generally have a width or a diameter of between 0.15 um and 0.5 ym. The

depth thereof is usually substantially 1 um.

Contrary to known methods, the copper layers obtained by a
production according to the method of the invention are equally thick at the
leading edges to the recesses to be metallised as at the lateral walls and at
the base of the recesses in the case where recesses have greater lateral
dimensions. The copper layer largely follows the surface contour of the
wafer surface. The disadvantage is thus avoided, where the cross-section of
the recesses at the upper edge is already completely filled with copper, while

deposition solution is still situated in the lower region of the recesses. The



18 ,1UL ?~.1 13 The deposition solution may also contain a chloride, for
‘exanpl e sodi um chloride or hydrochloric acid. Typical concentrat igé}S

t hereof are given hereinafter: chloride ions (added for exanple a MQ&QQOJ
0.01 - 0.18 g/l preferably 0.03 - 10 g/|I. Moreover, the bath according to
the invention contains at |east one additive conpound far controlling the
physi co- mechani cal properties of the copper |layers. Suitable additive

conpotﬁreale%sewrg@f a?‘rﬁérmhﬁ’sm mhgﬁs@ﬁvag%@@%vgﬁpeﬁsm@?@%’ organi ¢

sul ph compoun | our ea conpounds and enazorl um conpounds.
The adshplosiendikepestape afetheomcluded fluidt derinkg Pesatingoof sivleutcireqiti t hi n t he
foll owi ng concentration ran%gs: usual polyneric ox&ggn cont ai ni ng conpounds
0. 005 diffagioq/qf iprraridiesshoughoihe copger, areutausvearspledely uioidest.gai ¢ sul phur

componen 8RR o Boffi PR Py Wb ot BRI e L
gthgreru&@ﬁéammﬁeﬁ@rm%ﬁ%i}stcf@frm@%ah&%n 6fintetrats Bpdisphenol - pol ygl ycol
(c)  Furthermore, the disadvantages which arise when soluble (copper)
anodes are used can be avoided. A reproducible field line distribution within
the deposition bath is achieved, more especially. However, the geometry of
) soluble anodes constantly changes because of the dissolution, so that no
time-stable field line distribution can be obtained, at least in the outer region
of the wafers situated opposite the anodes. By using the dimensionally
stable anodes, therefore, it is now possible to produce even greater wafers
than hitherto.

The problems which occur when supplementing used anode material
(contamination of the bath by anode slime and by other impurities, operational
interruptions by disconnection of the bath and renewed starting and charging

of the bath) can also be avoided when insoluble anodes are used.

(d) It is also surprising that, with the method according to the
invention, recesses having very high aspect ratios can easily be filled with
copper without gas or liquid inclusions being formed in the copper conductor
track. A scientific expianation for this phenomenon had hitherto not yet been

found.

It was aiso observed that many electrolytes have a surprisingly good
trench-filling behaviour, while such a result could not be achieved with other

electrolytes.



oct anedi ol - bi s- (pol yal kyl enegl ycol ether) octanol pol yal kyl enegl ycol et her
'ol ei ¢ acid polyglycol ester polyethyl ene-propyl enegl ycol polyethyl ﬁeﬂﬂﬂ@ﬁl
pol yet hyl enegl ycol - di met hyl et her pol yoxypropyl enegl ycol pol ypropyl enegl ycol
pol yvi nyl al cohol stearic acid polyglycol ester stearyl al cohol polyglycol
et her ~i-naphtol polyglycol ether. Various sul phur conpounds with suitable
functional groups for producing the water solubility are given in Table 2.

Table 2 (org il CN
L benzor nATLISe YRt o OBE fiBhe method is preferaply used,  In the

3- ner cmﬂﬁe)munmmenéthsdl WT@muaeabbétweeldltbmve@kbleces polarised as the
et hyl enedi t hi odi propyl sul phoni ¢ aci d, sodium salt

bi s- (;ﬁaémwo@méﬂw )enldga||§)§etj@alvan@sf@|tlgaussand modulated per unit time

bi | phobut vi ) - di syl phi de,, d

b1 5. (JPCaHPABRY IS p'riﬂ w'edﬁg'aﬁbfﬁﬁa@ bidhic.m \oliage between the

bi s- (‘%éﬁé'ré)@?ﬁfﬂ'@/ Ur‘\jde lldél% B@b 8l potentiostatically, and the
5 CIoen B¢

bi s- (w sul phopr opy

met hylvcﬂn&gsjbpho@mlemd i»eldusmtlph! @lﬁthai@omlrem isa&et which is variable per

met hyl - (W sul phopropyl )-trisul phide, disodiumsalt O ethyl-dithiocarboxylic
aci d- SItiE phopr opyl ) - ester, potassium salt thioglycolic acid 15

t hi ophosphori c aci d- O et hyl - bi s- (w sul phopropyl)-ester, disodiumsalt

t hi ophosphoric acid-tris-(w sul phopropyl)-ester, trisodiumsalt. Thiourea

conpounds aTFHe%'eYﬁB?f'Wh@he&akﬁmvhm@ﬁ%mﬁﬁd&f%stﬂh@ Asldiréd lg@MPOUNdS,

are used in the foll ow ng concentrations 0 g/l preferably
0. 0005metltod)4 igy/ prefarablyr desedt wﬂmi’mmiert;budsesﬁfect'ﬁaowccmetb)odg aet he

i nvention, en usjnpg the clai hod) Fe(l11) and/or Fe(lll onpounds
e ARt BB dhn e the coBalar DUsESsEhbRHES o | SAUENCENEEe

subst Q0GR 4icSp HsUE MalFRG 1 2B milliseconds to 100 milliseconds, and anodic -

pulses lasting from 0.3 milliseconds to 10 milliseconds. In a preferred use,
the peak current of the anodic pulses is set to at least the same value as the
peak current of the cathodic pulses. The peak current of the anodic pulses is
preferably set two to three times as high as the peak current of the cathodic

pulses.

(e) Gas bubbles are also prevented from deveioping on the insoluble
anodes. The problems, which arise when known methods are used with the
precipitation of these gas bubbles on the wafers situated opposite the

anodes, are avoided because water is not decomposed as the anode reaction

according to
2H,O0 —» O, + H" + 4e
but the reaction

Fe** » Fe*+¢



lron(l1)- sul phate (FeS04 ~ 7 H20) 1 - 120 g/l preferably 20 - 80 g/l,itre.
‘Suitable iron salts are iron(ll)-sul phate-heptahydrate and 8 JUL 2003
iron(l11)sul phate-nonahydrate, fromwhich the effective Fe2+/ Fe3" redox
systemis fornmed after a short oper@Li onal time. These salts are mainly
suitabl e for aqueous, acidic copper baths. Qther water-soluble iron salts
may al so be used, for exanple iron perchlorate. Salts are advant ageous

whi ch g&difrai n el d ' '

non- degr adgbl elﬁg:rocqgggg%%a 'IngeH J%‘{ﬁﬁ‘ggﬁééed?'ﬁ?.dcm??’%@ ﬁ%@%%?ﬁeﬁ%y Create
pr obl ewaferheurfacep aiesgnof faccosidineatiee ddpperedempdion,r 0 #vatoamh um al um .

| ron conpounds, having ani ons which | ead to undesirable secondary reactions
i n t helmfAoxedryiekkiscapperededos Opparal olue idsingsthen peedustiosr otigher nitrate

for ex l.g n d,i ible. I n consequence, carboxyl ates
of theﬁifg%ﬁ,teig@#’@s ?hrtiﬁérrﬁ@@e[&%s g%ﬁ'bqbaé%%@ya'ﬁcﬁq%ﬁ%ﬂﬁe@:' as well as the
hexafl uorosilicates, are al so advantageous. No sol ubl e anodes from copper
are used as the anodes, but dinensionally stable, insoluble anodes are used
t her ef or. Bpcuoerding ththalinventionmnaimgthetafl prdducinglafullesuafaoge hlghly const ant
spaci ng can be set between the anodes and the wafers. The anodes are easily
adapt aBYE® tGPRAGE (aYeeran semicopductasr suhsiratege bwatarss apravidest wWitl, contrary

to sol ode t ctical 0 i r. geonetrical

exter ng%ge%’!s%ghgﬁ %ﬁ'g g\%jla@g%s‘&h_%geﬁ%épgt?ﬁoq}&%%ﬂggﬁi%@ngﬂwggaﬁﬁes and the
vaf er scamadcut. NfA YRD6RFInG St tRk JdppRylawst étfqo'rdih?rtotrﬁé%ﬂeﬁépcﬁl_ié he surface
of the wafers, remains constant. To produce insoluble anodes, (inert)

mat er i amittedhiio thisr easeesi Jhenabove-mentivinedt advarntages alss agplys tw thes
stainless steel or_|ead for exa Anodes are preferably used, which

| e.
cont ai Rrequaienphaviullissiriace rarRer {auerHsiere HFIORSTUGHITeH CAB §3SdY er abl y
coat edpw i o} oble netals. Platinum) iridium
or rut Rgﬁg%nggiﬁﬁe %@éa@agﬁreBg%ﬁggvg If(')‘|r§:‘\rt'Jirr-lfdxée?d oxi des of these netals, are
used, for exanple, as the coating. Besides platinum iridiumand ruthenium

rhodi um palladium osmum silver and gold, or respectively the oxides and
m xed oxi deBesitaseAntaining at legshase CAPPEr i sewgef preferadly-8aapkRgr A

bbser voal it dbdHalsEaic bR BERE At oF Stemelg g ah Shbh e kel "sur  ace.
whi ch westhbhé afliighatatey EdppernyReHdsphate, SaltRr fidrobeete oricppe¥anpl e, and
thereby conpressed in a pore-free manner. Moreover, of course, anodes may
al |53 gaulmd;xam at@hitheh bathe used feuther oappebtiepesitien additionalix geptaingladt i num

go

hodi | | f th . Qth i | i [ 1
onducisdrt ds ShiRiadte Bin8iaeltis s slentdiah coBfUotalce i (e SRR ) be
used. ex3nfpld bulphud€03cH’ methane sulphonic acid, pyrophosphoric acid,

)

fluoroboric acid or amidosulphuric acid.

Typical concentrations of these basic ingredients are given hereinafter:

copper sulphate (CuSQ, - 5 H,0) 20 - 250 g/l
preferably 80-1404g/
or 180 - 220 g/l
sulphuric acid, conc. 50 - 350 g/l
preferably 180 - 280 g/l

or 50- 90 g/



For the electrolytic copper deposition, a voltage is applied betmein t he
‘'sem tonductor substrate and the anode, the voltage being so sel ect & W00
an electric current of 0.05 Ato 20 A preferably 0.2 Ato 10 A and, nore
especially 0.5 Ato 5 A flows per1 n2 sem conduct or substrate surface.
Since the copper ions consuned durifig the deposition fromthe deposition
sol ution cannot be directly supplied by the anodes by dissolution, said

ions are s b i Vo i S i n p i per parts
or copper-(ﬁ%tal |%gﬂgh§8g‘gﬁﬁo§@@)&alg‘@op Ogttgéno%s%ﬁ[ogﬁéoﬁﬁgaéwgt he copper
par t s sodiuhagiaeride drelydrcaldrizdasidl eadtyipiial bbrideptratibls Thaeoefdract of the
Fe(l11) conpounds contained in the deposition solution. To supplenent the
coppe@iveshBersimaftared by deposition, therefore, a copper ion generator is
used, which contains parts of copper. To regenerate the deposition
solution, which is weakened by a consunption of copper ions, said solution
IS guj idRhst odes, whereby Fe(lll) conpounds are fornmed fromthe
Fe(ll?ﬂghpouhaé.asq%@e solution is subsequently conducted through the copper
i on gédresedrapleaasi Naldty eby brought i np@ropti@cg/Iw th the copper parts. The
Fe(l11) conpounds thereby react with the copper parts to form copper ions,
i .e. the copper pafarablyi ssol ve. The B3 ~9.1€gbounds are simul taneously
converted into the Fe(ll) conpounds. Because of the formation of the copper
ions, the total concentration of the copper ions contained in the

deposi tion Ie® N4H . I XA QR Uil sses from
t he copper Pﬁgtété)gﬁ,etrﬂggéﬂgtggﬁeggg ﬁbi tr'& oﬁ}v%gmgﬁeé:c{r{r?%@%t Itgﬁgfr:ggr@ which is
in codalitivericompdundwiairecenteoiithd tiee aptndes-mdebanizal propdities fetpial

techni que, the concentration of the copper ions in the deposition solution
can b&oRPer 'ayers: anSuitaple agslitivg. compogngds)are.-ffor exgmpies pRiyMEsicar e usual |y
kept horizontal for the copper d%@gsi.ti on. I_C‘:are shoul d .be faken there to
ensuré’xtyﬁgp'(f%a'rnw SPEPNChe ATRFEF o%lélg Hot CBBWQUPH?'O A'&8t with the
depOSicUn%b&ﬁHsJéh@PolyﬁW%éﬁaidﬁuﬁ%ﬁbé&%.bath1 al so kept horizontal,
are disposed directly opposite the wafers. The nethod according to the
invention is especially suitable for form ng conductor paths, connection
cont acti ngs.and .connecti on aces in recesses situated . the surfaces of
tafers.  TheTaARAARNE HmRtlRiES S cottpliettnaRe serss R SRR Bon di ox de
prior d rd’g?%.le' .metallic structures. To produce the
condué?grfég@ﬁg an @gﬁﬁégﬁ?o cont actings, copper is deposited therefor in
trench-1ike recesses or in recesses configured as a blind-hole. In order to
permt a copper | ayer to be electrolytically deposited on the dielectric
surfadd pPR@“%‘i'CF PRYIEYi oxi de | ayer, said layer nust initially be nmade

el ectrd iye. Moreover, suitabl Al must be taken to
prevendt %@ﬁ?ﬁﬂ‘?ﬁgwﬁf copper atons int oda'Pg% Zélq?cpzon si tuated

t her ebeneat preférabdy der to produce a diffu.0n-Baghki er between the copper
lJayer and silicon, therefore, a nitride |layer (tantalumnitride |ayer for
exanpl e) i susialater-selublsarganic by a sputtering nethod. The basic netal

for the subSananConPeBOFE Vi ot al i salt BB ACEPI. con Bee Tayer. -

preferably prferbia thi ckness of between @ .081-m.¢%€/10.3 Vim is produced
as the basic netal |ayer, preferably by a physical netal deposition nethod
and/ or by a CVD nethod and/or by a PECVD nethod. Basically, however, a

pl ati ng net Qod rmay al so be used, .for exanple an el ectrol t al

eposi 11 on BEMARNY RSy arBrainte g Comberad® fe et H 33519 > 2ps 10
copper, may be deposited for exanple. Qther conductive |ayers, preferably
netal |ayers, are also suitable. The copper |ayer, having a thickness of
subst anablel 1 ypclymeric ioxygeritontaining compounds)

carboxymethyl cellulose

nonylphenol-polyglycol ether



el ectrolytically deposited according to the above-descri bed net hod.1 Frild 2003
'l ayer may al so, of course) be thinner or thicker, from0.2 ~mto 5 p, mfor
‘exanple. After the formation of this copper layer) the structure of the
conduct or paths, connection cont ac# ngs and connection places is
transforned. Usual structuring nethods nmay be used therefor. For exanple,
the formed copper |ayer may be coated with a resist |ayer and subsequently

be ex@g%&&%‘e‘(ggﬁﬁg‘?@ hycol eg.nﬁ?resi st layer, at the l|ocations where no

conduct or pat hs, o ‘contactfngs or connection places are to be

f or nedctdniolpdlyzlkylemegbappethdrayer is renmoved in the exposed regions. In the
node of operation whjich has becone known as the "Danmaszene copper

met al 0l&jGEacishPolyabiseEesteE deposited mare especially in the trench-1ike or

via-like recesses nd the copper, which is deposited on the surface of the
waf er p@&%ﬁi‘&f‘ﬁ?@ﬁ‘?%g&&e sses, is selectively renoved by a polishing

met hogh) (ileRehfcBpsed on nechani cal and chemi cal nethods (CWP net hods).
One e%an%ﬁﬁgygbePﬁg nmet hod according to the invention is given hereinafter.
Exanplpelyethylenedlycel-dintathplethdrayer, a wafer which is provided with recesses

(trenches, vias) was initially coated with a diffusion barrier fornmed from
t ant alP@iaxYPreRMereglyelbsequent |y coated with a copper |ayer, which has a

181 2 jckness of substantially 0.1 Vim the barrier and |ayer
havi nglbyeogﬁg}'%?'ﬁég}cgt sputtering methods. A copper deposition bath) having
the f gJdi@rmhIcaIeshaosi tion, was used for the additional deposition of the

copper layer by the nethod according to the invention: H2S04, 98 % by w.
230 g/steadirsadid-paygigcolesten/ |

stearyl alcohol polyglycol ether
B-naphtol polyglycol ether.

Various sulphur compounds with suitable functional groups for

producing the water solubility are given in Table 2.
Table 2 (organic sulphur compounds)

3-(benzothiazolyl-2-thio)-propylsulphonic acid, sodium salit
3-mercaptopropane-1-sulphonic acid, sodium sait
ethylenedithiodipropylsulphonic acid, sodium salt
bis-(p-sulphophenyl)-disulphide, disodium salt
bis-(w-sulphobutyl)-disulphide, disodium salt
bis-(w-sulphohydroxypropyl)-disulphide, disodium salt
bis-(w-sulphopropyl)-disulphide, disodium salt
bis-(@-sulphopropyl)-sulphide, disodium salt
methyl-(@-sulphopropyl)-disulphide, disodium salt
methyl-(o-suiphopropyl)-trisulphide, disodium salt
O-ethyl-dithiocarboxylic acid-S-(w-sulphopropyl)-ester, potassium salt

thioglycalic acid



FeS04. 7 H20 NaCl 65 g/l 0.8 gll oxygen-containing polynmeric wetting ﬂgg 1S
‘in water The copper was deposi ted under the follow ng conditions: cathodic
current density 4 AldnR2 circul ation performance of the bath 5 Il mn

I nsol ubl e anodes room tenperature TMe coating result is illustrated in Fig.
1 with reference to cross sections through the wafer 1, said wafer having
recesses 2, which are filled with copper 3 and have variable widths D prior
to a Cthmp’mlslpbdrlbeacntb(}eaﬂm-bcs-@mulpﬁb@rcsmﬂ)‘ astes, difodine salt sed | ocati ons on
t he 1 are also coated wth the copper |ayer 3. The copper |ayer

t hi ck @@W@F'Cta@ Fr@c@%'é‘?é@hﬁpi'%mdhﬁﬁﬁeiﬂsﬁ”ﬁgﬂW@ﬁ@ﬁter than over the

rai sed |l ocations on the wafer 1. In consequence, it is not very conplex to
achieve a flat surface of the wafer 1 by the CMP net hod. 1 ~ JuUC Z003 21
Cains: 1. R s from
copper on sﬁn@%ﬁ%&?@ sugggta?%;pgwghér(q hghgﬂ?rgeﬁgggh\%b#ﬁaéﬁg{s%s when

pr CduCadiditive cbepained, Ste Gsbd $ the followire é@tdemt\namgnﬁﬁt hod steps: a. coating
t he sem conduct or substrate surfaces, which are provided with the recesses,
with a full-surface basic netal layer in order to obtain sufficient
conductance for the electrolytic depositi 0(51.0001 - 0.50 g/l

preferably 0.0005 - 0.04 g/l

In order to achieve the effects, according to the invention, when using
the claimed method, Fe(lI) and/or Fe(Ill) compounds are additionally

contained in the bath. The concentration of these substances is given

hereinafter :
Iron(II)- sulphate (FeSO, - 7 H,0) 1-120 g/l
preferably 20 - 80 g/litre.

Suitable iron salts are iron(Il)-sulphate-heptahydrate and iron(III)-
sulphate-nonahydrate, from which the effective Fe*'/Fe* redox system is
formed after a short operational time. These saits are mainly suitable for
aqueous, acidic copper baths. Other water-soluble iron salts may also be
used, for example iron perchlorate. Salts are advantageous which contain no
(hard) complex formers, which are biologically non-degradable or degradable
with some difficulty, since these may create problems when disposing
offrinsing water (for example iron ammonium alum). lron compounds, having
anions which lead to undesirable secondary reactions in the case of the
copper deposition solution, such as chioride or nitrate for example, should

not be used if possible. In consequence, carboxylates of the iron, such as



b. full-surface deposition of copper |layers having a uniformlayer

t hi ckness on the basic netal |ayer by an electrolytic netal deposilﬂoWLzm]
“met hod by bringing the sem conductor substrates into contact with a copper
deposition bath, i. the copper depggition bath containing at |east one
copper ion source) at |east one additive conpound for controlling the
physi co- mechani cal properties of the copper |layers as well as Fe(ll)
conpowetatengiapioraté|drid benramasnds wellngs tHe haraffistosilitate¥obteagRobei ng
appl i ed between the sem conductor substrates and di nensionally stable
count @dvantagacsi§es, which are insoluble in the bath and are brought into
contact therewth, so that an electric current flows between the

sem conductor substrates and the counter-el ectrodes; c. structuring the

copper | ayqyq soﬂjtbﬁaf ) L t%oPE/EF had Zl%sfe\?\!n' S%]é‘gthteo dHode® Loyt

characterised I'n e curren chang a sequence'of uni- or

bi pol afimenkimalipestablel, tintolable 3nolies @@ asearihiensfior0 CBa lﬁ%iﬁ? tplear acteri sed
in that the current is changed with a sequence of bipolar pulses per unit

ti nme, dioepsiosiafly stablguinselule saedesii @ sonstant| apacing camnbeoseti | | i seconds
to 10Q milli d d di | lasting fromO0.3 nil]i ds to 10
i1 ebean 8 BnaaeR GncIBREreRy « BnBSeS Bra AR adadlable @ibRact er | sed
inth b b o] di

pul sevaterd i Rt 8f MePuBphlrist|hape it @farg o sBllbidlanbs Aroc! ©

cat hocthey pprastisally> do Mdth oblamge dhéir gedmetrical eikternal aménsiond., climar act eri sed
in that, in the case of bipolar pulses, the peak current of the anodic

pul sescanseguence, the $RAGIAG cketwenss the ANgHesisamntethge ¥efeis: r whichof t he

cat hodi ulses. 6 t ho cording to one of th re in | ai s,

char adhfnfies e ARtBLEST BTN Eets 06 Bonpliate € eltafd) ect ed 1rom
the gri@wkif®eBhs&inRgd pol yneric oxygen-contai ni ng conpounds, organic sul phur
conpounds, thiourea conmpounds and pol yneri c phenazoni um conpounds. 7.

Met hod according to one of the preceding clains, characterised in that
es of the noble netals, are
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e RNl e ol YR8 Saold bty PRt ahidar g o oot
t he coanet prefetably useld which contain titanium or tantalum as the basic material,
which is preferably coated with noble metals or oxides of the noble metals.
Platinum, iridium or ruthenium, as well as the oxides or mixed oxides of these
metals, are used, for example, as the coating. Besides platinum, iridium and
ruthenium, rhodium, palladium, osmium, silver and gold, or respectively the
) oxides and mixed oxides thereof, may also basically be used for the coating.
A particularly high resistance to the electrolysis conditions could be observed,
for example, on a titanium anode having an iridium oxide surface, which was
irradiated with fine particles, spherical bodies for example, and thereby
compressed in a pore-free manner. Moreover, of course, anodes may also
be used, which are formed from noble metals, for example platinum, gold or
rhodium or alloys of these metals. Other inert, electrically conductive

materials, such as carbon (graphite), may also basically be used.



1 R.JUL 2003 23 9. Method according to one of the preceding claimgsjj j
‘characterised in that the concentration of the conpounds of the copper 1 on
'source in the copper deposition bath is kept constant per unit tine,
because copper parts or copper-concgining shaped bodi es are brought into
contact with the copper deposition Bath, and copper is dissolved by
reacting with Fe(lll) conpounds and/or Fe(lll) ions contained in the bath.
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U-ue Qchrough the copper ion generator and thereby brought into contact with the
copper parts. The Fe(IlI) compounds thereby react with the copper parts to
form copper ions, i.e. the copper parts dissolve. The Fe(lil) compounds are
simultaneously converted into the Fe(II) compounds. Because of the
formation of the copper ions, the total concentration of the copper ions
contained in the deposition solution is kept constant. The deposition solution
passes from the copper ion generator back again into the electrolyte chamber

which is in contact with the wafers and the anodes.

Because of this special technique, the concentration of the copper ions

in the deposition solution can be kept constant very easily.
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into contact with the deposition solution. Ancdes in the depositién bath, also

kept horizontal, are disposed directly opposite the wafers.

The method according to the invention is especially suitable for forming
conductor paths, connection contactings and connection places in recesses
situated on the surfaces of wafers. The surfaces of the wafers are usually
formed from silicon dioxide prior to the formation of these metallic structures.
To produce the conductor paths and connection contactings, copper is

deposited therefor in trench-like recesses or in recesses configured as a
blind-hole.

In order to permit a copper layer to be electrolytically deposited on the
dielectric surface of the silicon dioxide layer, said layer must initially be made
electrically conductive. Moreover, suitable measures must be taken to

prevent the diffusion of copper atoms into the silicon situated therebeneath.

In order to produce a diffusion barrier between the copper layer and
silicon, therefore, a nitride layer (tantalum nitride layer for example) s

formed, for example, by a sputtering method.

The basic metal layer is subsequently produced, which forms an
electrically conductive base for the subsequent electrolytic metallisation. A
full-surface layer, preferably having a thickness of between 0.02 um and 0.3
pm, is produced as the basic metal layer, preferably by a physical metal
deposition method and/or by a CVD method and/or by a PECVD method.
Basically, however, a plating method may also be used, for example an

electroless metal deposition method. A basic metal layer, formed from

@;/()-
h 0
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metal layers are also suitable.

H=
2003

The copper layer, having a thickness of substantially 1 um, is then
electrolytically deposited according to the above-described method.  This
layer may also, of course, be thinner or thicker, from 0.2 um to 5 um for

example.

After the formation of this copper layer, the structure of the conductor

) paths, connection contactings and connection places is transformed. Usual
structuring methods may be used therefor. For example, the formed copper

layer may be coated with a resist layer and subsequently be exposed- again,

by removal of the resist layer, at the locations where no conductor paths,
connection contactings or connection places are to be formed. Finally, the

copper layer is removed in the exposed regions.

In the mode of operation which has become known as the “Damaszene
copper metallisation”, copper is deposited more especially in the trench-like or
via-like recesses, and the copper, which is deposited on the surface of the
wafer externally of the recesses, is selectively removed by a polishing method

which is based on mechanical and chemical methods (CMP methods).

One example of the method according to the invention is given

hereinafter.

Example:

To produce a copper layer, a wafer which is provided with recesses
(trenches, vias) was initially coated with a diffusion barrier formed from

tantalum nitride and subsequently coated with a copper layer, which has a
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0 calmposition, wg% used for the additional deposition of the copper layer by the

method according to the invention:

H,SO,, 98 % by wt. 230 g/l
CuSO, - 5 H,0 138 g/l

» FeSO,- 7 H,0 65 g/l
NaCl 0.8 g/l

oxygen-containing polymeric wetting agents

in water

The copper was deposited under the following conditions:

cathodic current density 4 Aldm?
circulation performance of the bath 5 l/min
insoluble anodes

room temperature

The coating resutlt is illustrated in Fig. 1 with reference to cross
sections through the wafer 1, said wafer having recesses 2, which are filled
with copper 3 and have variable widths D prior to a CMP method being
carried out. The surfaces of the raised locations on the wafer 1 are also
coated with the copper layer 3. The copper layer thickness d over the
recesses 2 is surprisingly greater than over the raised locations on the wafer
1. In consequence, it is not very complex to achieve a flat surface of the
wafer 1 by the CMP method.
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1. Method of electrolytically forming conductor structures from

copper on semiconductor substrate surfaces, provided with recesses, when
producting integrated circuits, with the following method steps:

a. coating the semiconductor substrate surfaces, which are
provided with the recesses, with a full-surface basic metal layer
in order to obtain sufficient conductance for the electrolytic
deposition;
full-surface deposition of copper layers having a uniform layer
thickness on the basic metal layer by an electrolytic metal
deposition method by bringing the semiconductor substrates
into contact with a copper deposition bath,
i. the copper deposition bath containing at least one
copper ion source, at least one additive compound for
controlling the physico-mechanical properties of the
copper layers as well as Fe(ll) compounds and/or Fe(lll)

compounds, and

ii. an electric voltage being applied between the
semiconductor substrates and dimensionally stable
counter-electrodes, which are insoluble in the bath and
are brought into contact therewith, so that an electric

current flows between the semiconductor substrates and
the counter-electrodes;

c. structuring the copper layer.
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6. Method according to one of the preceding claims, characterised in that
at least one additive compound is used, selected from the group comprising
polymeric oxygen-containing compounds, organic sulphur compounds,

thiourea compounds and polymeric phenazonium compounds.

7. Method according to one of the preceding claims, characterised in that
inert metals, coated with noble metals or oxides of the noble metals, are used

as the dimensionally stable, insoluble counter-electrodes.

8. Method according to claim 7, characterised in that expanded titanium
metal, coated with iridium oxide and irradiated by means of fine particles, is

used as the counter-electrode.
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