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by etching, laser ablation or drilling, or a combination thereof. Etching the vias utilizes

photolithographic processing of a photoresist followed by wet (chemical) or dry (reactive
ion) etching. Laser drilling has been used to form vias by ablating semiconductor material
to form through holes extending through the entire thickness of a semiconductor die.

30 The vias electrically interconnect various metal ihterconnection structures on the
semiconductor die, such as annular rings, bond pads, component leads, metal wires, or
other metal layers, to one another. Bond pads on the semiconductor dies are typically
formed from aluminum, copper, or aluminum-copper alloys having less than about 0.5%

copper. Aluminum is used in bond pads because of its low resistivity, superior adhesion
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One of the at least one aluminum or copper structure and thc at least one tungsten

30  structure may be plated while the other remains unplated by selecting a nickel plating
chemistry selective for one of aluminum, copper, and tungsten. To nickel plate one of the
at least one aluminum or copper structure and the at least one tungsten structure while the

other remains unplated, one of the at least one aluminum or copper structure and the at
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copper structure having a first nickel layer plated thereon and at least one tungsten
30 structure having a second nickel layer plated thereon. At least one of the first nickel layer
and the second nickel layer is formed by formulating a nickel plating chemistry selective
for one of the at least one aluminum or copper structure and the at least one tungsten

structure. The at least one aluminum or copper structure may be at least one aluminum or
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30  distinctly claiming that which is regarded as the present invention, the advantages of this

Invention may be more readily ascertained from the following description.of the invention

when read in conjunction with the accompanying drawings in which:
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if the tungsten structure is to be nickel plated, the activator may be selective for tungsten.
A surface of the activated structure may then be plated with nickel while a surface of the
unactivated structure remains unplated. The unplated surface may subsequently be plated
with nickel by exposing the structures to a different nickel plating chemistry, such as a

30 different activator, that is selective for the unplated surface. Once activated, the unplated
surface may be nickel plated.

By exposing the structures to the activator selective for aluminum or tungsten, the

aluminum structure or the tungsten structure may be activated and plated with nickel
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semiconductor substrate 8, as shown in FIG. 1, or may form a blind hole in the

semiconductor substrate 8, as shown in FIG. 2. If the via 4 extends through the thickness
30  of the semiconductor substrate 8, the via 4 may be referred to as a through-wafer-

interconnect (“TWI”). The TWI may electrically connect integrated circuits on one side

of the semiconductor substrate to another component or apparatus on the opposing side. If
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photochemical etching, masking and anisotropic etching, mechanical drilling, or any other
known process of forming openings in semiconductor substrates 8. For the sake of

- example only, the opening 14 may be formed by depositing a photoresist layer 16 over the
bond pads 6 and the passivation layer 12. The photoresist layer 16 may be etched to
expose at least a portion of the bénd pad 6, as shown in FIG. 4. The photoresist layer 16

may be a conventional photoresist and is deposited by conventional techniques. The
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owever, the energy from the laser beam may unduly heat the semiconductor substrate 8

di rItIpI e ma¥
surrounding the opening 14 and produce a heat affected zone (“HAZ”), which is an area of
damaged silicon surrounding the opening 14. The material of the HAZ is commonly

30  referred to as a “slag” and may include silicon and oxygen. The dimple formed in the
semiconductor substrate 8 may also prevent slag from being deposited on the active
surface of the integrated circuit. The HAZ may be removed so that the opening 14 has a

sufficient width or diameter to form the necessary conductive path. The HAZ may be
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chem stry or a trifluoronmethane ("CHF3") and oxygen

(" GPVDdhasrkinewnyn thalatte Ameadhestdnylayerimeayfdptignally be present between the
tungsten layer 20 and the second oxide layer 18 to more firmly adhere the tungsten layer
20 to the second oxide-layer 18. The adhesion layer may be formed by ALD, CVD,
PECVD, PVD, vacuum evaporation, or sputtering. In one embodiment, the adhesion
layer is formed from titanium nitride (“TiN”). The adhesion layer may have a thickness
ranging from approximately 50 A to approximately 200 A. The adhesion layer may be

used in the opening 14 depending on a thickness of the tungsten layer 20. If the tungsten
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webshzaie 8 may be etched using a plasma et che@i/ub2085/030228

NF3, HBr/d, C2F4, or SF6 chemi stry. The opening 14

may be lined with a second oxi de | ayer 18 to seal

o s. of the sem.c 0 str hat are
Freh R PO BUIRY S0 %4t hesin, s g pigiot be needed o
Oxh&hﬂeré s} ?Jn gt%nf@&r ol $BBshd 6x908 18ydr W/ H‘bbv@i‘?& 1Fthd tOigsten
Si oxi de § which is depgsited on th

s e taye2{tis gteater ﬁub sppraximagely§ot rtknekxtthe)ac&llesm@@mr ragelee used to
Th d I d t ‘
¢ nrespeey ey Mk B 6% Tk BEsBBP S IV 1P o

ssuch asiffthowh aRPIoDE TBWE the Ha md;%eafbﬁﬁwﬁhm&t iateyméediamen
A tungsten l[ayer 20 may be formed over the second

ox sefeicpugpetor devieestHERTd Hby Borgenedt lagtone opamng Bat eimds a
gbgéﬁrgéteqﬁe\?élulg?o‘%ﬂg ?({gﬁlt:yndﬁgﬁp §‘dbfs§§jtf : Teg%h&\%] 919'151@1 2I ?ﬁ/ﬁﬁs situation,

ness rangli ng from approxi mate
0. @i openihg 14 iy b iforarted|ay déscribed a]iloee teumjﬁ thatthe aymngm does not
t i on

be f db t d
ol BTG e 56T (oW P e FBICaNIcstsT A a T QB 14 may
10 deBQ ﬁhé Wth the cgn)i ’oxf?ile I@ﬁlﬂf’tﬂ@ ﬁﬂg%ﬁa&er%cé@leﬁm&ﬁ above.

ph yS|ca vapor ep03|t , ds known in
art . AnAadhmm orF IGay&andr%yhecsptqndmideyaWeI&rtb%@lngsten layer 20, and

be sten 0 and the.second

Cyagortont T8 B P Einkm SR PGB R R Sppyure 2 may
t Obk @féh@cﬁl@qaﬂ()@gb&@oﬂsw Bfesd Byerd beerBaipethé Bond 766 aR@he passivation
be forned by A CvD, PECVD, PVD, vacuum evaporati on,

- or laysut2 didriweps of ﬂledﬁ@ar@rﬁmf. Iaxen i 8 apdhihe smesten kiver 2}y femain in
I S tﬁeo\;lﬁ d’l'&lrs %{E}lt %)%ue JH’eH't& flérgl% ag T%;Mcér etc-ﬁhe ’Iﬁg Ql%ﬁl'ng [ﬂechmques

3| ayl n Ss rang rom appr oxI nat e
50 aAd tenditjvps Owdrtat@h(yVeZE@seéondl'd)&dealde Bothe hangsten haggr 2m’éand the

? Y ﬁgés&nt Ry G Pty BSeieg 80 Rt agingy T P art based on the
t&HAR iR gﬂeg@fa%ﬁé an® hdeblt §11é mnot c'ﬁ@cu@é%'ﬂ%@ Hé&hi hél%ﬁr Fﬂﬁyake of

not e nee to adhere the tungsten layer 20 to
s eepamiploxilkyethk aygsten &yeﬁ—Eﬁmmdehe adhiesipm bzycnirfggmnt) mwyé)p removed

20 1. rea r _t.han app xrrat OOAth

205 gt Byt i <BE” TEE e e it dr bbb fdvin
tu&g,s‘tegﬁoﬁaaw@fetao to the second oxide layer 18. If the
via 4 is to be a BW, the via 4 may be forned in t

i nt er medi Arsknigkaayenilimayhen iy pl@@dwrﬂerc%xa?@@edéoegl pads 6 without
for mn{ﬂg 8?0361' ({%ﬁﬁé m?gﬁfrﬁ Hjjbgas]sﬁli l&vﬁ?ﬁ FROS g(g'gr?‘d A. To form the first

self seni con uctor Substrate 8,
shaiiekel laydr IZQ the surffiice bﬁt}ﬁ bend patsibanay tichdeanpe toi mgloidalnmwum

be forned as descri bove, except .that th eni n
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S € e GR RGOS0l SR 1s8diBmTry bR fleqQPRADAY) ahdt nRY acid (“HNO;”) or
phosphoric acid. The NaOH may dissolve the aluminum oxides on the surface of the
bond pads 6 while the HNO; or phosphoric acid may etch the surface of the bond pads 6
to provide a clean aluminum surface upon which the first nickel layer 22 is ultimately
30 plated. The cleaning solution may include from approximately 1% to approximately 5%
NaOH and approximately 50% HNOs, with the remainder being water. The bond pads 6
may be cleaned by immersing the intermediate semiconductor device structure 2 in the

cleaning solution or by spraying the intermediate semiconductor device structure 2 with

10
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effectively fill the via 4. The first nickel layer 22 may also act as a barrier layer.
Electroless nickel plating solutions are known in the art, such as electroless
nickel-phosphorus plating solutions or electroless nickel-boron plating solutions. Such
electroless nickel piating solutions are commercially available, such as NicPac 2.1, NicPac
2.2, and NicPac 2.3, which are available from PacTech GmbH (Berlin, Germany) and .

Ronamax® SMT, Duraposit®, Niposit®, Niplate™, which are available from Rohm and

11
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S OlthiEkRBSof apPRiRita§ N 2h €FRe i‘ﬁte?x'ﬁ@clhate |sé}¥dcﬂxgdu%94r ﬁE%@é"ﬁructure 2 may
are commercially available, such as N cPac 2.1, N cPac

2. e immerskil isrthe efzctmolesamiakhl Idatmgawhxtlba iranfamommirddisciutficient to

g]%: (és?%{lel( Jl%gire pcg%g%é ()rf ?x Ron §/ lxr?Z o%gl?ecmong ngd 6, such as from

av abprakingatdly 0 Iiﬁilﬁlith [ig] @Mﬁ@&te@ ﬁ@ﬁrfu(ﬁ@l DuNﬁ% Helnadkel platmg, the
(Phi | adel phi a, hese el ectrol ess nic Ia ti gi
s o|zuxcr¢@ﬁ5mqmﬂ:ham&nﬁhecmd Pad brazy beepiaged "Yﬂhcti%% rst nickel layer 22.

br ot MK Bl HRPHG, i RUECH: b i, MR pod G mpy be
s ulstizstemtielly plaed miithlmadtkel Wkyle sshstanealdyt msniclees isgplated on the tungsten
layer 20 in the via 4.
Since the nickel plating chemistry may be used to plate directly on copper, bond
pads 6 formed from copper may be selectively plated with nickel without nickel plating
the tungsten layer 20. Activation of the bond pads 6 formed from copper may occur

substantially as described above in regard to the aluminum bond pad 6. Alteratively, the
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source of the nickel ion. The el ectrol ess nicke
pl ating solution may al so i nclude a reduci ng agent,
WG unk/0z8518 phosphorus conmpound or a boron conpp@mts2005/030228
Exanpl es of reducing agents include sodi um
hypophosphi te, di nmethyl am ne borane, sodi um
bor aippeirbonié pad 6 thaDWBctiviked veitlex pallabmassohitivkdefopt aickel glating, rather
sol tlon y.al so j clude NaOH to mai ntain the pH of
t het %WHP%F‘%&%?SS Texi ng agents, such as citric
aci d, | aghliGh@fisthicled] 14781 3 LnAbkh folfl&s Bér He Holl§ pads 6, the second
electroless ni ckel plating solution nay Be nalnpalne
f r owrelegh payen4maeebe depositedan Fhecm)cmag &4 yo Iine tﬁwiiarzigast ghewn in FIGs. 12

l ectral ess pla ni ¢ ions are reduce

y B BatiPg abkand RSB £F mab Aee o frioAG S ouISiER ol en solder
t heto@hdie effBdtR el N 6k ©la 40 TeisB@nd Al kbl 1¥Er DB Glay®R Heposited over the
ni ckel chl ori de, sodi um hydroxyacetate, and sodi um

hy pupertesgayar 80 after firRigemeYing pisdes Memthe tunhgsten layar 28/ dhetungsten
n| c ggér 2@'3%“% esaﬁk(fct,ﬂe aélg},g%ugﬁi?ss b nt'lscf& elrﬂ %Ejli(];uas:ﬂ%ta ?1%8 hydroxide
soI (uKIOiH‘I)ksdslutldslﬁ bat h may be naintai ned at a

te erature rangin rom appr.oxi mately 60

105 B‘fox. rPH%eéP%S?%dab%f 28 oK ﬂg?g bPraBtFﬂaéFﬁﬁ\}f’/Mfdrﬁéﬁkél Rlatgeg with an

L0 ARRLBXhIBE Eélé{cb 190 £8r- tur%sﬁeﬂ' §f§1@§ r%{en %ctwa[o?tls Q&HEL for

| ayer 22 on

C o rtusgﬂtenathedmnd)f)adﬁlmw ndthe utte/a@kiemm Inezksl piatuige IThe tungsten

I ati.n solu on and an.apount. of tipe the . .

P ncistigen Sbbs Shibg el hudayOen el Bebdfwbadiyn (1 fons. The

| MBtep@ediate séhRofd Rk 6N 8Sstrubtubd®nap babift@e SR thd hudPsten activator
The first nickel |ayer 22 may have a thickness ranging

15 r ofer apyfieientamaeinyoone i deposatmdhmﬁampépgllaimnm the gurface of the
ON&y e%%)f,?‘f Qb F Bngstgﬂ € ﬂkgrhl%dlahehas%%rlcopc?lucb Of evice structure may be

t hi ckriesSs of “appr oxI er ne

S engxposedue thertutisich @em&tdr lf@xt fudre agproBiyhabedy | Oee68Rdo hpproximately 1
the el ectrol ess nickel gtlng sol ution for an anmount

of iV §1§1Pft‘1“t&‘@ﬁﬂa>’%2(b%fﬁ & infermgdiatgesemicanpdyctnr deyise siryspure 2 may
t hey,d dcﬁ?’&tec%fiﬁ'ﬁhfljsﬁ% e 1gt%rrﬁ’éhlét9 SO BRH d%ﬁlce%lﬁfc‘lgtu@ in the

f rom appr oxi mat e mnute to approxi mate

20nmi ntutgsten dmvatmg)rtspleymgdhfelhtephahatn gemictreluctor dev1ce structure 2 with the
zinc-c aj.ning layer on the bond pad 6 may be
reptflﬁ%sg E\Xh”ﬁ "?he first nickel layer 22. Since the

ni ckel m%rltﬁ@mﬁ&@éﬂ 1896 20 iSact GhEEoWaR] hiekel BlatAE, MeMintermediate
the bond pad 6 may be substantially plated wt

m cieslicongpgtordeyics stragiere 2 may hegmmessed|in p batmcante@lrmhc plectroless
q’?&le? BlaL@%]EJllt‘t%% tb @ox%x{}ﬁe ¥éc&aél {llC]?él la %r ﬁébgn Hleﬁl )gstgﬂ layer 20. The

e dir ec

250 0 mﬁitr,olebgfmdkefl @ﬁﬁm@ scﬁlOtlicnﬁda)f b@mmemﬁjham&kdbplatmg solutlon The
sel ctl ed with nickel w thout nickel plat
¢ el % kel alpdne sejutionTpay, ba he sy cleieoless ﬁ@kﬁa&@ms Solution as

forygedd ﬁl&@k&%&%c@%y&cﬁq{r may be a dlfferent electroless nickel plating
solution. The electroless nickel plating solutions are as previously described. The second
nickel layer 24 may have a thickness ranging from approximately 500 A to approximately
30 10 um. Inone embodiment, the second nickel layer 24 has a thickness ranging from
approximately 3um to approximately 5 pm. The intermediate semiconductor device
structure 2 may be immersed in the electroless nickel plating solution for an amount of

time sufficient to deposit the desired thickness of the second nickel layer 24 on the bond
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substantially as descri bed above in regard to the

al um num bond pad 6. Alternatively, thecopper bond pad
w®20vey280€6s activated with a pal |l adi um sol uti on PBef/08$®05/030228

ni ckel plating, rather than with the zincate sol ution.

After the fi rst nickel layer 22 has been forned over

AT R N -
s howitkel ﬁlaﬁbg?ﬁihe 13 Yeraif galfladiund. Bﬁth‘éﬁgr%afén iyek 0 mlaﬁlzf@fep?aﬂed with the

may act as a wetting layer to e e the nolten sol
t o yeeonsl ragkeblayendl yujce(the glensrolesninigkel plating sclutien in SdR(éive for

155, TR SREP A, B R SR sy

520. noftiekel isgaedon theyend gdlissry be cl eaned chemi cally,
such as by using an aqueous %ot assi um hydr oxi de

("KOH') v ¢ By herecdiiisg atitrioldsy e tozmovidgthe Renlugtéve pathway, as
actghx@h%ir:fc% thd" £ kBle Bl ,!n@g ggv% h&v%&l&%[ L Wrnduibon that

is selective for tungsten. Sin

actmvladesmnl, kad ehdiomj amrrfamy slhralg smmfer, ahdhﬁmkmﬁd theesd$. Bhe solder may
not cti.vate ke g. The
s PR SR b D E i sefiigblsgoioss odanafins may include,bu

| 1050|d1l& heMinkikatto 95!%'1&531@4 B!l éo@@'léd!%bd/ tin, 6@%%@&%%7% tin, 100% tin,
i ntermedi ate sem conduct or device structure bé

ex pﬁ@ﬁé@% lsad/ beotinrgs sibier. 2 fill deoria # wthahssssnﬂdetr eb em solder 26 may be
0Si t r of
t he s%fl ac e rathH foﬁ St H]qtlt ee?o@%%’r—sél?h F%é?‘ﬁﬂggﬁb o

t heapbrox@narelgtizadeCs ahe ﬁ@ltétUS‘dl&Hr nﬁh@z\th&ﬁoédebblﬁkﬂ Efth8®Ia 46 near the
exposgd to the tungsten activator for from

~ approsd ipads 1 1 theanalisn spider i dengsisednaanthe dpyd Ra%6m§ may be reflowed
15Th&n{UYRgwE 8o ing)\('ﬁfe tPedhbiudtRE ld@lt GhLIEAL may al%o las %?osned using a

sem conduct or vice structure 2 may ge Actinva
i meavsisolget precedss ineweld hatneoltee soldarnisl um:tlred talebackaurface of the

structure 2 in th sten activator or .spraying the
BB UF A e IR ST TERY WA B T3y 1R maiien solder
t UngS) Men a@aﬂawamb theAfli 8 'b?/ Chsndry e RineRa vausls J&Qeé S

activated toward nickel ating, the inter at e
seni condfide via 4iswi B, Sltmafe Dﬁwédez, mlyamsqldmbalt axhyibe pdaced at the

02 glttﬁu 1?}18 ﬁf“ @o Q‘Lar}g r&eﬂﬁ 1, a0 ecf)%vgll 1ﬁ% }l}en }Illg Fz)y é:gplgﬁry(ﬁ’gtl?‘h eA back surface of
t uniyssepticdmyetor ABstrald® nly e rérBd@Asasth6 %L in PIGRYBNE expose the via 4.
sol ytio be_a conventi onal nickel plating
: o theivark Sirisec ef e Froesber dleraps maymg e byrbaslginding, as

%B@’n%? aft! BGEE 0’? 't}fei%%n @h@ﬁdt&% 541 'rété r?lg Be achieved by
used to pla e 370 he

t e the ni ck ayer
di fdaane:at metthamlcalqjoﬁslsngl(“ﬂk\éﬂ’”) pk hy ab‘rgmwﬂnainso Aﬁeﬂ' i‘bﬁmvmg the back

el ec ckel sol ons e evi ousl
25 e SUHTBelhe Vit EEBURe hoRR i s kresoal Yy ThisFulosior sbstate 8
t hifeiiias & TVAN K NGch, TR E%{a‘gl)ﬁerf&tr@d)ﬁlé% 6t th&) be formed after first
appr oxi mat eI\X]
forming the BWL
Alternatively, the first nickel layer 22 may be formed over the bond pads 6, as
shown in FIG. 17. The first nickel layer 22 may be formed as previously described.
30  Then, the opening 14 may be formed in the semiconductor substrate 8, as shown in
FIG. 18. The opening 14 may be formed as previously described. The second oxide
layer 18, the tungsten layer 20, and, optionally, the adhesion layer, may then be deposited -

in the opening 14 to form the via 4. As shown in FIG. 19, the second oxide layer 18, the
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10 mm In one enbodi nent, the second nickel |ayer 24

has a thickness ranging fromapproximately 3mmto
wappsoxrately 5 mm The internedi at e sem condeCt/U$2005/030228

device structure 2 may be inmersed in the el ectrol ess

ni ckel plating solution for an anount of tine

sufdih [

ceconE ey PO TR Ak RS (L5 B B8 e vl Bt surfuce of

ap pth© mtméiage Stmqwd@mr@lempp stmdturat). @biyig Shespacer esh. The second

) cke{g1 I%at1 | ayer of palladi um on
Chifh A PR bEbE ont e blterioysrR 15150 NBEGHIP. 20. The
ni cde@dnd rAYRT 1a9é-24ShA0s flared & ;?re\tn[)@él}‘?é Rb&K e I%aazf 3 then be

solution is selective for tungsten, e tungsten ayer
520 fried with soldss 2ées PEﬂVIO}dSIpﬂdaiC@be&um’ﬁgard &KBIG. Whi Bg depositing the first

TRl 2o B Vi Fpads R} B V@t s, Dot ravirbe

t helepositdd oh w@mp@@ﬁtﬂ@%m@@d&ﬁ@%bbt@atg B @t arkexpoYed dRer the
The sol der &y be a conventional solder formulation

t hAPeRAg I hdflemedy | ead, indium anti mony, sil ver,

g gggg{ a B?‘cﬂe ﬁ#&@ Pﬁ:ﬁgqgryer %% gn \1?/}} % Qefxrlmglﬁ?ys{rg%tp%e before depositing -

10solthkesechmt multediiaym% oretiie nmghtendﬁruchiié the fumifund dtiicheSmay be
to 95t% Eff/?dl 5% 60% | ead/ 40% tin, 63% i ndi unm 37%
t | ArOYGEBAYIIg su %?8“%’2%‘1‘3%3&%@@% t For/ipssange, the first mgkel jlayer 22 may

t hectvdsa ickid flsi Bréiedt 4! aldRinuin Sl IES i%)@?cﬁﬁ% S'f ?1& tungsten

heated to a tenperature sufficient to ne
26 aCYRT. ddefungpten goucure may Pendeinnakeleplyted OMthGit ﬁﬁlﬂlﬁ:r protecting the

oA R sBEtE Ay SplkERT R ubheef snickelpfed aernicke
15 de piings ek dh@ﬁfnuh@ubtﬁqu nioREl s Rot rérhovEBYroRPtHE %ﬁﬂg@ﬁéﬁ Gtructure by the

|ntg: the via 4 to provide the conductive pat
solCeringachgfing @y p&félﬂ&éb@mstr@a ugeditpglate thml@nmmrm sfructure. In other

Pr Q¢S tHe%témg&eﬁﬁﬁy@éé 6% Qveqﬁé alhﬁm?u%’? 0 1ﬁ%s ma}éwt emove

back surface nterrre I'ate sem condu
st padions ef the sécbnd hiekalilayert24 ﬁom ifdide thé'hﬁ aol ten sol der

may then be drawn into fhe via 4 py capillary action
and wet ?13 ﬁ@ﬂvf(&slé'égen“f)f’e‘{’ Heanpther gm %dlﬁleﬁwhe fenggien strggture is plated

| 20S0 deﬂhrmcl&UBéTo@SncﬂteﬁQﬁtﬁ%rth@ﬁhllmmﬂ{"é’tﬁﬁnﬁ’é ﬁtﬁ(;%dttuﬁ%st&réﬁ'uiture may be

mout h of the via 4, d, and drawn |
by seleghivelyaplafechwith @m‘kelhybﬂat;%tmg tHectumgsteh strbeture toward mckel plating

o1 I QBSHELALy BRSHEHE pRICTYs bRy Gibdt aBe atimyipn structure

s emagmmui_ktrﬁ)cfkesplbt&ﬁ b?b@w@tl the RRINiBIR Y@ECHRY toward nickel plating and
~ backgrinding, as known in the art. Backgrinding of the

se M SEaEnty g?POéUB&ﬂwaweB amyvmslaéeﬁceb@u by cheni cal
25 mechani gal,opR} érﬁﬁéd"%el(t %n@st@ﬁ stp%/ R0 51?(? {hv Wg@glgﬁls%caure are

After renoving t ack surrace, the via

t hpl@tﬁg twithhreckeh sldistaeseﬂly(simﬁltmeaﬁm Wbﬁﬁ@ﬁr@’ thesiRfatEsAfBoth the
As such, the TW nmay be forned

i MBS NPy RRie stbie pyipickel pleting, The aluminum

structure may be activated by exposing the intermediate semiconductor device structure 2

to the zincate solution, as previously described. The intermediate semiconductor device
30  structure 2 may then be exposed to the tungsten activator to activate the tungsten structure.

The activated tungsten structure and the aluminum structure may then be nickel plated, as

previously described.
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formng the BW. Alternatively, the first nickel |ayer

22 may be forned over the bond pads 6, as shown in
Wo-2@B6/038715 The first nickel |ayer 22 may be forpeEnus®05/030228

previ ously descri bed. Then, the opening 14 may be

formed in the sem conductor substrate 8, as shown in

FI G 18In sHaRion e seléngivdl4 pimiyig e dLtheeidimitunp stenchue sihd/the tungsten
descri bed. The second OXIde | ayer 18, the tyn

sten
| ay@ictge withmicke geimgihed 9f the preseatinaeition m go 9d to selectively
th
8@#’0%6%?8%%?;}&? gT.\gcﬂlT& Elgd @gg&g{ g‘tgr(l) )%t?uaﬁ&f: g&g;ﬁ&@? A4 ficl, the bond
t headi6 grl bo fdrﬂiﬁd froROcopperchrinhigtuseod aluarininayed cqpiper. Since
pr esent eaned fron1thg%surf

5 P CamiTatma] oG Rl ADOR BRI  CBgY B b Bl QHETrES SRRPRy the bond pad 6
the, RA%EM &gg&mméﬁe@m PrafewuﬂrﬁM&[ 24 may then

- be pla the tungsten layer 20, as shown in FIG
20 The Weledhslinnéntioe Imayéyeusczpnbm;n \bmaops mpdifications and alternative

vi ousl y..des bed. . Th I

W SimSoaee sapoden oTureh ShehelRY vhual riplsgh i grgwings and
F' Faveltben Bh’scﬂﬁélﬂﬁldk-taﬂ Gefete HowSler, M s}hKﬂH bk ay@drstadd thuethe invention
the bond pads 6 before the via 4 is forned, njcke

10 nofs 1w indesled it e imitedge tha raticulr fars disslpseds rRatkar othe mg%gﬁon is to
2Rk S RS B A RS o o o

aI lﬂmmwntlsﬁ ay@dﬁmeébjaefedbboxdmgappdnﬂetgclmhs second ni ckel
| ayer 24 on the tungsten structure, the al um num
structure nmay be protected during subsequent
processi ng steps. For instance, the first nickel |ayer
22 may act as a nickel mask to protect the al um num
structure from exposure to the tungsten activator. The
tungsten structure may then be nickel plated without
further protecting the alum num structure. In
addition, since the tungsten structure is nicke
plated after nickel plating the alum num structure,
nickel is not renoved fromthe tungsten structure by
the cleaning, activating, and plating chem stries used
to plate the alum num structure. In other words, the
etching chem stry used to renove the al um num oxi des
may not renove portions of the second nickel |ayer 24
frominside the via 4. As previously nentioned, in
anot her enbodi nent, the tungsten structure is plated
wi th nickel before nickel plating the alum num
structure. The tungsten structure may be sel ectively
plated with nickel by activating the tungsten
structure toward nickel plating and subsequently
depositing the nickel, as previously described. The

al um num structure may then be nickel plated by
activating the al um num structure tomard ni ckel

pl ati ng and
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subsequent |y depositing the nickel, as previously

descri bed. In another enbodi nent, the tungsten
wereeotatie and the al um num structure are pl atBor/vs10n5/030228

ni ckel substantially sinmultaneously by activating the

surfaces of both the tungsten structure and the

al um num structure before ni cReAlkati ng. The al um num

structure nay be activated by exposing the

i nternmedi ate sem conductor device structure 2 to the

Z|qﬁﬁ&lsagk%%|gn as previously described. The
m conduct or device structure 2 may then

be exposed to the tungsten activator to activate the
tungsten structure. actj vat ed tun sten strugture

Sand t he lal unith mﬁﬂ?ld Fﬁ“é‘e B8 KB AR 3t ggniconductor
as L RYIQNGHN &ﬁﬁﬁﬁnged In addition to selectively

pl ating one of the alfum num structure and the tungsten

st rratiding awiittermedgkedemicdnductent deyite sfrudtive compesng at least one tungsten
i nvention nma

a coppe rstrgftp%z&nd raglegﬁ qn¢ 1)1fgat ﬁ%ﬁ%@% g %/&rh)étrﬁqg eﬁl& ﬁteleas; one copper

ni ckel . sASicBkCh a dehifcd@idomabstitdyayd be fornmed from
copper or m xtures of al um num and co per. Since

10c orniekiel ploting thmat:k@st om BnEYie Lehtrser at igstpag opthe st gast gne
directly ont o G
copper lum jpum s el a\?'tei :&3?/6 al? ?%?teoglggoﬁﬁr g&ﬁgf whagh}e other of the at

the inv Gédst ot tﬁﬂgs&dﬁ%trﬁuﬁfe&mtﬂdﬁt &eabtone af tHewsleast one aluminum

nodi fications and alternative fornms, specific

enbodi meFREUFRAPE R AeasROROBRET NENFUHP IERARINIASE ¢ he

drawi ngs and have been described in detail herein.

However, it should be understood that the invention is
15not i nt énded Aamdtimd dfipiatieg nickeltdneinpateteiidtaseniioondgctor device

di scl osed. Rather, the invention is to cover al

moditPE UL COMRISIRG i val ent's, and al ternatives falling

Wt bR dinaein Sitbinhddi AOEnE €ARBCtO dehite siriterRicoMPridifig at least one tungsten
defined by the follow ng appended cl ai ns. CLAI M5 What

i s cl ai rscture and aplepgonoaf abfeasicans alymisig sppefieragd at least one copper
g't fﬁi't u?sgruat%ré & e!e%gén%&o?s%gét%?@ dyygtor device

conpr ng’an i nternedi ate

205 endim0NgHectdy nidies] iptaeing t}reuu: tedstene amgstms bthgehat ahdths tt least one of the
tungsten structure and at | east one of at |east one
al i num structure and at | east one copper structure

on a seneeRtuahAnuRt Rt £id BOS 183sE&R] copp@ siridudehe

at | east one tungsten structure or at |east one of the
at | east one aluntnuntstructure and the at | east one
copper

TS# ' UCt (11 % ci f 05 6’%‘% al ?Stanq t€rmediate

t ungst e stru gthed of YEY < SHIETYT PERE R 2N RIEEY

2P NeselietHdaLLE? dewce structure comprising at least one tungsten structure and at least one
of at least one aluminum structure and at least one copper structure comprises providing
the intermediate semiconductor device structure comprising at least one aluminum bond

pad or at least one copper bond pad.
30 4. The method of claim 1 or claim 2, wherein providing an intermediate

semiconductor device structure comprising at least one tungsten structure and at least one

of at least one aluminum structure and at least one copper structure comprises providing
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structure and the at | east one copper structure
remai ns unplated. 2. A nethod of plating nickel on an
WO nioenzsEds at e sem conduct or devi ce structure, PCT/US2005/030228
conprising: providing an internedi ate sem conduct or
devi ce structure conprising at |east one tungsten
o PO BN i BRI e Bl P P P R hoving e
senfeonguatiarevsttist r at e; and sinul taneously ni cke
plating the at |east one tungsten structure and the at
| east one of the at |east one al um num structure and
the at Igast ﬂ{éem%%lpvﬁ clé:iﬁlrlu&rtc%r% §~/heryh er‘i Fﬁggg{hte at least one

claim1 or claim erern prow ng an

5s ertungstetsatictureche vt legst she uibthel At eSO alﬁhiﬁgmadlrubtaﬂsd;ndtlhteat least one

tu%ten st ruct U{Ee an Ieai%a one of at |east one
PR ISP e h e othery \ theat Igasting tengsiga pirudtyrg of the @t least one of
co I [ :
o e R B or ROy B Rl el unplated
pactovpriats sekeatirtg comeket plapeg chxorisinpsetictivie foff Alemimmnedpdr, or
cl ?Pirlm Flf or claim2, wherein providing an internedi ate
R&SHHuct or device structure conprising at | east one

10t ungsten structure and at |east one of at |east one

al um num st r ucture and at |east one copper structure

corrpr i sés pr Hiednailpdef daimdrorstiine vhemngusiglipliong the at least one
t r t t one Vi avin
T R R

1 Gx)ppndratrmtﬁ’r,e witdile ttigd athétiof kt&l at [dasttoing gmtgblen EtI'uChﬁ‘aSi the B€least one of
tun stjn str%ture or at gst one of the at | east one

~ al JH #deAssene ‘F’E:‘Pléméﬁa"tt“f?ean thq 4 least Qg goRRSp pEcture remains unplated
158t chg'{pHE& aﬁhvdnﬁg?ﬂéeat %E}%eﬂf ggtre‘? tﬁ% ctlrf %{t 18REode PR £ east one

structure or thé at |east on e at |east one

al whimignmsstractuteland therad 1dakteona toppea structure tovappeickel plating.
structure renmains unpl ated conprises selecting a

ni ckel plating chem stry selective for alum num

copper, 70r t ung$ietivd & .clalfi®, FBERRthcRTatihl MdBt 15t dle@niBsten
2, wherein njickel plating the at |east one tungst en

st rStiBetHiceT af least oneelthe @triéaswnet %@n@pml stagtoresng td ajrhaﬁme copper
20St é e%o@ n%&gl a}?&t Aggsﬁ‘fpr@& cﬁ\%% a Sﬁltf clél%tfkhe at east one tungsten

the of her ORE 1 ungs én-stiuct bre

th Estrad:tuﬂeemat leasnenobf thérgt 1edst breadimdng stuttife Hndthe at ]east one copper
structure and the at | east one copper structure

r epfare unpl ated conprises activating the at | east one
tungsten structure or at | east one of the at |east one

8. The method of claim 6, wherein activating the at least one tungsten.
25 structure or at least one of the at least one aluminum structure and the at least one copper
structure toward nickel plating comprises exposing the intermediate semiconductor device
structure to a zincate solution to activate at least one of the at least one aluminum structure

and the at least one copper structure.
30 9. The method of claim 8, wherein exposing the intermediate semiconductor

device structure to a zincate solution comprises exposing the intermediate semiconductor

device structure to an aqueous solution comprising zinc oxide and sodium hydroxide.
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al um num structure and the at | east one copper
structure toward nickel plating. 7. The nethod of

W@ b@isneg1s wherein activating the at | east one pCIUS1085030228
structure or at | east one of the at |east one al um num
structure and the at | east one copper structure toward

ni ckel ti | Aack | I a surfac
ot L east B e ThAREEA SRR, it S adtl h8G0eR obdipgsten
at dteagire @t leabtwme ofithe at feast boe dumitthni fachire hiepdt atdest one copper

copper struct r.ai.IS .The et hod of claim6, wherein )
act TVSTHg Wardnighel platig CRRRIEUNGStiBE thetiptgaradiate gymigenductor device
| eaghycRRCoQf paliMudtsohuBas o R0Gat@lHA% Q:H@og& Flhllgit&? SrfRfe.

the at | east one copper structure toward ni Cke

5pl ating conprises exposing the intermediate '

sem condyct or.devi ce. structure . to. a zincate solutjion

o ot v e o gfod St M RboRin aatee GRengmiiaRsmiconductor
st rdéstcd k@uating td H'Sal?aﬂidneﬁﬁ&tidh%n@ﬁﬁ’&eéxp%ﬁ%:?@l% iHt&mediate

The nethod of claim8, wherein exposing the

i ntssAMeoaiugter degiee sovwdue torn arepussobitipn comprsingpaladium (II) ions.

zi ncate solution conprises exposing the internediate

sem conduct or device structure to an aqueous sol ution

10conpri sii?y ziTie rethetbofldmsiost cliimniBy dihepeirtdcked platifi€the at least one
met hod of claim®6, wherein activating the at Feast one

t urfiRgSE sEpstra Qi pbleatt one of Baatleasheneslumisamastrupsand heeat least one
al %?&%&ﬁﬂé%lﬂfe%@tﬂﬂfrtﬁ Sheth 1daSRRE cStefi PG re or the at least one of
structu ni cke g the

re toward plating conpri’ses exposin
i ntthe atdelishore aleninowrsthuctierand éhd at deast ongcbpysee stndetdre remains unplated

pal | adi.um sqlution to actiyate the at | east one

b argBREReaThsEplaP amaptvated Siees kgt 1¢<0 pr tpgsten structure or at
15WhEEAE SneofRSitMhst §R aAlUMiSHMBHLIEHR 278 MG RAUThE LofRY bfRture.

structure to a palladium solution conprises exposi ng

the i nternedi ate sem conductor device structure to an

aqueous ;80| ut4 | S alladiym (1) ions. .12 .
The met rhl%'d ofTh%Ir}%él%ﬁnAHi&oC ?a"cg:%lqaoll%r(ﬁl afn(}wﬁl&héf %O)r?ﬁr{?ﬁ‘@l nickel plating at least
pl atnk ngplhted sadicthre @$ theanRadt bRgingsiers {tfudtirelbat Wast@ne of the at least
| east one of the at | east one alum num structure and
t henglumigap S’i’i‘l’f‘éuréé‘ﬁ‘ﬂ)g’le atleas| Ope FPPFRSITUEN he ot her of
oot he at | east one tungsten structure or the at |east
one of the at |east one alum num structure and the at
| east oné. copfemeahodaficlaim Irerhin, whelkmtricket plating the at least one

ni ¢kel . pl ati.ng an .activat syrface of the at | east

o5 e51¢8 S8 of B e s s s et dhqat fast one
ON&opphed Birtiire S¥hild €hd ftRerdf thelabRa@lonk BRglte® NRURRDBEthe at least one of
structure. 13. The nethod of claim1l or claim?2,

f urthat deasipnpsaluningmysiragtate apd ghej at feasttonk eeprter strusture remains unplated

un s at-_lieast one tungsten
25 ASSHOUEHA e PGSR B st one
st rcoppien bendyped Wik aileabt@as biadid@ing QNPRE oS fuhptérithErewithin remains
unplated. |
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14. The method of claim1l or claim2, wherein nickel
plating the at | east one tungsten structure or at

wo ems29one of the at | east one al um num st r uct PCBUSIVAS/030228

n

the at | east one copper structure while the other of

the at | east one tungsten structure or the at | east

one of the atTheasthodofclaiiNbondliins?, ket ficRé PlatiRg tirtat least one
| east one colsl)|1 er s[ ruct urﬁ@r emai ns unpl ated conpri ses

ni cRBESIH STUCWIEF ofrat feasione ghibe gt least opealyminymestaicing #ndthe at least one
bo ; '

e R A AR BT ROR A SRR s Pt eastone of
r enthi asleast pheaaledinkf stTherqmtdtbelatdéastori dwpperatruci@iremins unplated
vvhecroei n. ni ¢ ei ]o}.ati ng Lhe at | east., one tungsten . . )

st r PORIPE BPkel plappg atleastoneqa haying,g layerof fungsien derryithimvhile at
St riggst Uhe€o i thatthie @hﬂiﬁﬁﬁboﬁ‘&d%@%?feaﬁ%ﬁé’%&ebd%' ad remains
the other of the at |east one tungsten structure o

t hemnplat¢deast one of the at |east one al unmi num

structure and the at | east one copper structure

remai ns unpl ated conprises nickel plating at | east one

via haviltg a Tiyeethef oftdlithst Gitldimer, et ﬂlcl&‘l‘biaﬁn%fhe at least one
| east one of at |east one_al um num bond pad and a

10) ¢ FURSSHRSTREBIT ablsat opaef the AdFssoRgdIming) strugturerind the at least one

15

met e iR: ' [ i ckel .pl atijn
1 offer Al i (88 o iR M AN o Pl Kot B G east ome of
t hehaat Ipashete abureinamustriuctura sitl thecdt Uast dRGopiiee stadctire aGhains unplated
one f‘ﬁ’ﬁ er . tLulcture while the other of the at | east

CofiigS irkeLblF(E 4 a50y5ted fdeast onedagsiop g Rreron et lgast one of an

one
| eastivadiatadadin alnShii GlridtEre AR ah B&ivatedaBRSE o ‘E@cipper structure.
copper structure remains unplated conprises nicke
plating an activated at |east one tungsten structure

ot act und® b M sl Al 13 SR, WhRRIBELAaHAE BER cast one

structure and an ac a _ |

st ruggstenatrudiire of bl bMOGK the atGént dRelah@hinGindtrtt8re and the at least one
wher ei n ni ckel pl 3&;{1}9 the at | east one tungsten .

st ORI PEUGre athile urithes oé therat tepst oae tingsign stoisturapiihe AtiRast one of
St RCAt YeaRt (ﬂfé%tﬁl’ﬁﬁuﬂ%frl)&ﬁr%tang e ot Pegg%'he %é]%p%? gtﬁi&ﬁgg\'ge:nlla?ns unplated

the other of the at [east one tungsten ruc

20t hgomprises glctrolasslioplatinpthatt leasasre tangstenl KTIEEOr at least one of the at

structure.and th t | east one copper structure

¢ e e BV A srand i oL feastiong Feinsr yryshae Py nidkel.

at | east one tungsten structure or at |east one of the

at | east one al um num structure and the at | east one
copper 38+ uctlbemapiiodiof glairk 4| whargin riitkel phetinattie atfleast anatungsten

, in N ' h [
L N R MR Y I——

25 st suradture evidle the dikeraff tHeed astQAE WEHRRBE stk 61 tHE 8t 18kY bfe of the at

30

the other of the at |east one tungsten structure or
t h&Fagone SUERInYR strgturegad e af leasione peppsr sirichuipTemains unplated

St tonpiides irﬁ@lggsiedeh@ﬁltén%@(ﬁgteg&ﬁic‘éﬁ’em%?orr delitd§huidhe in an electroless

remai ns unp .
nickel plating solution that comprises a nickel salt selected from the group consisting of

nickel sulfate, nickel chloride, nickel sulfate, nickel bromide, nickel fluoroborate, nickel
sulfonate, nickel sulfamate, and nickel alkyl sulfonate and a reducing agent selected from
the group consisting of sodium hypophosphite, dimethylamine borane, sodium

borohydride, and dimethylaminobenzaldehyde.
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conprises imersing the internmedi ate sem conduct or

devi ce structure in an el ectrol ess nickel plating
weadoab2sons t hat conprises a nickel salt sel ect ercT/USI905/030228

the group consisting of nickel sulfate, nickel

chl oride, nickel sulfate, nickel bromde, nickel ..

f 1 uor obdPat e, AThHGFREdIATG SPRIFP ‘}C‘%%SK‘& W&ﬁéﬁlgf]s%ﬁ'd

Ni i@l @nli¥dtorsddbtnaddpHithgat lead bat Afgaaefttucket aed ®deast one of at

fromthe group consisting of sodi um hypophosphite, .

di met hylleast ore dboniane stroeidra andBbleati pae Fenper gigture, wherein the at least

di met hyl am_nobenzal deh . a0t ' . :

seni condELHIBSIGR \s/tir%cgurg %{)? %cl %%‘r e X Ict)ﬁrkpaﬁ |li€{s£|§tgdé1 :@taglmmum structure and the

sseni condi faflons ubsper athengonplited wigh aicktledsle thnether of the at least one

tungsten structure and at | east one of at |east one dth
al uni nurivrgstenstruetare s @t lgest pagRk the ideashonsaluminupsiyFigre and the at

wher ei n ,t t | £ LingstEslasg ructure or at
| east Ogéﬂg?&ﬁ?ﬁ%{ﬁrﬁé}gstr one a uarln' num structure and
the at | east one copper structure is plated with
ni ckel while the other of the, at rlacfaSt on tungsten

structurd-or Apmt 1affemagongytor gevics SEPCTG COMBINE L m

105t " é'%%&ld@f}gr §ibstrAt cdBASinOR SoaSAMR Alunsihiitd Glriiétere or at least one
remal ns unplated. 20. An internedi ate sem conduct or

devi ce stoppertstmetnredunpeiadirsigrcks] lgeripdaertthercon and at least one tungsten
substrate conprising at leas ne ' r £
S SR TR nd R S AL T SRy pr o

| ayer pl@kedcitdereomdanssodsnd sl lagaes forngs beformulating a nickel
structure having a second nickel |ayer plated thereon,

wher ei n pletingchemisgpyselgetiverfar glumuyi, cRIpsT of AGHClng t he
15second ni ckel layer is formed by fornulating a nickel

plating chem stry selective for alum num copper, or

t ungst en21.21. TRhmtdrmedintesanabedwaridevdnestotcpre dbslpioel9 or claim 20,

structure of claim19 or claim 20, rein the at -
e BRI FASh R AP RUR e i BiearkhetcOped bructure comprises
C OPRGEasP b il HInEmMCINR phé BSat Mast R TbpRiAB8oRd pHE. Nnum bond
pad or at |east one copper bond pad. 22. e
i nternedi ate sem conductor device structure of claim
9 or claim?2 wher ei,n t he. , ; .
24 bot tr 2 comppr B e BhaicRT v RE SIS i 19, laim 20,
t UngHtRMh thBeries by tngsteh strib@rd dvhpisedit &dast one via having a layer of
sem conduct or device structure of claim 22, wherein
t he tungsteeBstevoW&. vi a having a | ayer of tungsten
therewi thin conprises a through-wafer-interconnect.
24. The internmedi ate sem conductor device structure of ‘
cl ai m 2223.wheffae int¢rhediate Semamndunter deivime Nawdturg oficlpiay 82, wherein the

of tungsten therewithin conprises a.. .
25 at legst one via having a aner ofc tur%ten%herewn}nn comprises a

through-wafer-interconnect.

24. The intermediate semiconductor device structure of claim 22, wherein the
at least one via having a layer of tungsten therewithin comprises a

30 - blind-wafer-interconnect.
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bl i nd-waf er-interconnect.25. The internedi ate
sem conduct or device structure of claim20, wherein

wo bwenzsokel plating chem stry selective for alrai/usavnoe30228
copper conprises an alum num activator or a copper
activator and an el ectrol ess nickel plati ng sol ution.

26. The ter conduct or deV| ce u

claim2 éqv\,he?El n %‘ﬁeg]g u?ﬂ“r?ﬂ%ﬁlﬁg A99rosYs r? ?léctl%glpe?&e?”hemm the
act hividl praung BinhiSteBsebdttiae] foR alsnidim @ﬁ&ﬁ)p%loédﬁﬂr@@s an aluminum
-conprising zinc oxide and sodi um hydroxide. 27. The

i nt EtYRIAT & &COPREH ASHYAIRIANE an glegirelessarigkgbplating sefutionai m
20, wherein the nickel plating chem stry selective for
tungsten conprises a tungsten activator and an

Sl ectrolZss nTiekieterpediste sgmisondiiciod deviddstrultige of claim 25, wherein the
i nternedi ate sem cgnduct or device structure of clai m

PEuL] $RIBEHOT QAT SIRRCY G78 VEIPRAMIBISESAN HUERUS|Zinspigspiugon

SOl Lk PRIrEURY dxdRSnd sBdife] dﬁﬁ}&e sel ected from the
group consisting of nickel sul ate, nickel chloride,

ni ckel sul f at e ni ckel br om de n| ckel fl uoroborate,
ni ckel fo ni c and ni ckel . al ky]| )
sul fona?ejl and elptggﬂ% ?{8 Seé’@l@?ﬂ u§§§’F ARSI, ?fWZaI@rQQuWhCmm the

10congitied pragn®EhenastniiEidaRORR ﬁﬁl@hérﬂ EompRseEh Rvb@BA Afivator and an
bor ane, sod] um borohydri de, and

di rﬁé%qﬁryleahmﬁb%@iﬁlaga‘éhm 29. The internediate

sem conduct or device structure of claim 27, wherein

the tungsten activator conprises an aqueous sol ution

of pal | @i um THd ipteimediate semiconductor device structure of claim 25 or claim 27,

wherein the electroless nickel plating solution comprises a nickel salt selected from the

15  group c;onsisting of nickel sulfate, nickel chloride, nickel sulfate, nickel bromide, nickel
fluoroborate, nickel sulfonate, nickel sulfamate, and nickel alkyl sulfonate and a reducing
agent selected from the group consisting of sodium hypophosphite, dlmethylamme

borane, sodium borohydride, and dimethylaminobenzaldehyde.

20 29. The intermediate semiconductor device structure of claim 27, wherein the

tungsten activator comprises an aqueous solution of palladium (II) ions.
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