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20  forming vias or through holes in the semiconductor dies. The vias are filled with an

electrically conductive material to electrically connect the vias to integrated circuitry
fabricated on an active surface of the semiconductor die. Thus, the vias provide a
conductive pathway from the active surface of the semiconductor die to its respective back
surface, enabling interconnection of the back surface of the semiconductor die to external

25  electrical contacts of another semiconductor die or a carrier substrate. The vias are formed
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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least one alummum or copper structure and the at least one tungsten structure is nickel
20 plated while the other of the at least one aluminum or copper structure and the at least one
tungsten structure remains unplated. The nickel may be plated electrolessly. The at least
one aluminum or copper structure may be at least one aluminum or copper bond pad and
the at least one mngsten structure may be at least one via having a layer of tungsten
therewithin. In one embodiment, the at least one aluminum or copper bond pad may be
25  nickel plated while the at least one via having a layer of tungsten therewithin remains
unplated. In another embodiment, the at least one via having a layer of tungsten
therewithin may be plated with nickel while the at least one aluminum or copper bond pad
remains unplated. |
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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structure that comprises a semiconductor substrate comprising at least one aluminum or

20 copper structure and at least one tungsten structure.. One of the at least one aluminum or
copper structure and the at least one tungsten structure is plated with nicket while the other
of the at least one aluminum or copper structure and the at least one tungsten structure
remains unplated. The at least one aluminum or copper structure may be at least one
aluminum or copper bond pad and the at least one tungsten structure may be at least one

25  via having a layer of tungsten therewithin. The at least one via having a layer of tungsten
therewithin may be a through-wafer-interconnect or a blind-wafer-interconnect.

The present invention also relates to an intermediate semiconductor device
structure that comprises a semiconductor substrate comprising at least one aluminum or
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 t_he 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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pl ati ng sl utleast ong alugérim pheappertsdrveture, the intermediate semiconductor device structure

may be exposed to a zincate solution, as previously described. To activate the surface of
the at least one tungsten structure, the intermediate semiconductor device structure may be
exposed to a palladium solution, as previously described. The activated, at least one
aluminum or copper structure and the activated, at least one tungsten structure are

25  simultaneously plated with nickel by immersing the intermediate semiconductor device

structure in an electroless nickel plating solution, as described above.

BRIEF DESCRIPTION OF DRAWINGS
While the specification concludes with claims particularly pointing out and
30  distinctly claiming that which is regarded as the present invention, fhe 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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tungsten structure and the aluminum structure may be substantially simultaneously plated
20  with nickel. .

The nickel may be deposited on either the aluminum structure or the tungsten
structure by electroless plating. To deposit the nickel, either the aluminum structure or the
tungsten structure may be activated toward nickel plating by exposing the structures to an
activator that is selective for either aluminum or tungsten. For instance, if the aluminum

25  structure is to be nickel plated, the activator may be selective for aluminum. Conversely,
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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clarity, one via 4 and two bond pads 6 are shown in FIGs. 1 and 2. However, the

20  intermediate semiconductor device structure 2 may include a plurality of vias 4 and a
plurality of bond pads 6. The via 4 and the bond pads 6 may both be present on an
exterior or exposed surface of the intermediate semiconductor device structure 2 and, as
such, may both be éxposed. The bond pad 6 may be formed on the semiconductor
substrate 8 from a conductive metal, such as aluminum, by conventional techniques. The

25  bond pad 6 may have a thickness ranging from approximately 1.0 pm to approximately
1.5 um. The via 4 may be filled or lined with the conductive material to provide the
conductive pathway. The via 4 may extend through an entire thickness of the
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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20  SiO, and SiN, as known in the art. The passivation layer 12 may have a thickness ranging

from approximately 0.5 um to 10 um. The first oxide layer 10 and the passivation
layer 12 may have been previously formed on the semiconductor subStrate 8 by
conventional techniques.
If the via 4 is to be a TWI, the via4 may be formed in the intermediate

25  semiconductor device structure 2 by forming at least one opening 14 that extends through
a thickness of the semiconductor substrate 8, as illustrated in FIGs. 3-7. The opening 14
may be formed by laser drilling or ablation, dry etching, such as a reactive ion etch,
photochemical etching, masking and anisotropic etching, mechanical drilling, or any other
known process of forming openings in semiconductor substrates 8. For the sake of

30 - 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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solvent. In one embodiment, the etch solution includes approximately 6% TMAH and
20  approximately 94% propylene glycol.
The hole may be extended through the semiconductor substrate 8 by laser ablating
a portion of the semiconductor substrate 8. The semiconductor substrate 8 may be laser
ablated by directing a laser beam toward the dimple from a back surface of the
semiconductor substrate 8. The dimple may keep energy produced by the laser beam from
25  anactive surface of the integrated circuit. The energy from the laser beam may ablate the
portion of the semiconductor substrate 8, extending the hole and forming the opening 14.
However, the energy from the laser beam may unduly heat the semiconductor substrate 8
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



solvent. In one enbodi nent, the etch solution includes approximtely 6%
TMAH and 20 approxi mately 94% propyl ene glycol. The hole nmay be extended
t hr ough twe 28@mi2easduct or substrate 8 by | aser abl ati ngpca/uysesosiosr2ef the
sem conductor substrate 8. The sem conductor substrate 8 may be | aser

abl ated by directing a | aser beamtoward the dinple froma back surface of

t he sem conduct or supstrate The di I keep. ener roduce .t he
| aser beam f FgRPVedsisng ﬂéecan@ %‘U{hr%yéé%fg%‘:gg&%f@g‘?%fgﬁ\ggﬁlsﬁ)}é@ﬁsw hg%ésner gy
from the | asefhRgRELARMYBEARRIYIBRovPRE HATWRAoUt ABmaSHE 6@BEApHIGTs oTulst rat e

8, extending the hole ahd fornm'ng the opening 14. wever, the energy from
the | aser beamtegrated girchit, pudheathettond padb oothd dicst oxidsldyst Fat e 8  surroundi ng

t he opening 14 an roduce. a he ffected zone (. ’ ' ' area
of damaged silic &Hg ?8&9@&%@?’% %’nt © SHRORTIRPTS O(Fﬂélé%rz?&%’ 8?4%’ ﬁ%fé"ﬁ%%g HAZ i s
comonly 30 gﬁfﬁ%‘hﬁ Bfitht Firdoxide 16k, addithe féﬂyos'bdﬂgd)rﬁaﬂs Sithé epticaddctoxygen. The
dinple formed in the sem conductor substrate may al so prevent slag from

bei ng deposi tsekbtigie & mey berempred omitheiatesmedipte sertcendustas devire siicture 7hE HAZ

may be renoved t hat. the o Wng-14. h - S f 1.CJ | r, i er
to formthe r?glél ggg%‘fe?}{l%%arllggcfﬁ?qg&él%%é%rﬁés’ %ﬁg&@hﬁ%@%t@%&%ﬂ-&e%c%aé%sgg%s
PCT/ US211115 Tht:&hihg techiqueeimivedditisnstgay brescldd barotie pf ondinagnekilpinthobrt et ch
sol ution previously described. _Thi({i etch sol ut] |¥ sel.ecti vel;(i/uere ve

1 h

the HAZ wi t hogtedarthgmatsriale Hesd ip 674 A fspiayetie SR o8t i S feEpgues &
the bond l@ad_cgnﬂfiorisrh?%éé c%str(]:g&&l HedekAMREeid OFor §R6: ANRLAPRINGL tHed&loxk, t he

N
exposed portions o b pads 6, the exposed ©5 portions of the first
oxi de | ayer 1fyer & chaybe ehpbssag pplrtmaeteh with atdraflemoowtidoe ( 6iF 4 )shewistit e 8

may be renoved fromthe. inte diate sem uct or _devj,ce struciure, 2 by
usi ng convent¥ 8 “%?’Vetgﬁrlf‘n( éﬁg?n) §?‘_f?’éy§,en g%\?’e RO %@Xﬂy’cﬁ%ﬁ{%t ries,
or a |laser etgie laytR®0 fiaGbe REhEEH IR bl B0 WL RRAGS Hil@e SydyerdRudiideect ed by
one of ordinar in"the art based on the materials used in each of

sKi |l | )
t hese |ayer s.(“%ﬁ’@r dhe semicenductor sphisirete Sarayhepichsd ysiae 2 plaswagichivatis MFe not
di scussed.in {ad er edh. ake of exanple only, the first oxide.
| ayer 10q3‘ayb}g§ré¢f¢hél§" é@%ﬁhgg% sma etch with a tetrafl uoronethane ("CF4")
chem stry or a trlhklopedinged hanbe (inéd-kish ) seeond oxiylgRger( 1803 '5¢al pbrtiohsof thie
Alternatively, the first oxide |ayer 10 maybe etched wi th an ueous
sol ution of dEMRCRAMRRI SRty tra}r%I%?‘P‘)é@dl-Wﬂ“%‘/’.t efﬂ@“é‘@rﬁ“c‘éhﬁﬁ@fl'o?ﬁ%i?ﬁ%‘fq ate 8

may be etched,upl lgfﬁr 28 Ha9He8orRted ot & IbvesthSor 1owSi BRIdE LS8 RihiciPls SF6

chem stry.

as

deposited on the semiconductor substrate 8 by conventional techniques. The second oxide

20 layer 18 may be deposited at a thickness ranging from 0.1 pm to approximately 5 pm,
such as from approximately 1 um to approximately 2 um. A tungsten layer 20 may be
formed over the second oxide layer 18 to provide a seed layer upon which the nickel is
subsequently deposited. The tungsten layer 20 may have a thickness ranging from
approximately 0.02 pm to approximately ‘1 um. The tungsten layer 20 may be formed by

25  atomic layer deposition (“ALD”), electroless deposition, electroplating, chemical vapor
deposition (“CVD”), plasma-enhanced CVD (“PECVD”), or physical vapor deposition
(“PVD”), as known in the art. An adhesion layer may optionally 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,

30 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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formed. TWe 28&nseds oxi de | ayer 18 may be fornmed from apcowssésese29r | ow

Si oxide ("LSO'), which is deposited on the sem conductor substrate 8 by

conventional techniques. The second oxide 20 | ayer 18 may be deposited at a
such as from

t hi ckness ranging from0.1 pmto roxl ely 5 m
appr oxi mat el yayer g%%lgs%mam%ﬁvaé&@%@(?mk tthé ﬁ%}lserﬁn'é?ﬂ lgygy@pY Bef B5igBded 1 or ned
over the Sec%ggergﬁeqﬁ?%;?eéQ%/e}_gO IR EQBhBxife RFEN S| 3 Hieydh Mintingdled e

e ten 0

ni ckel is subsequen osited. The tungs ayer 20 may have a
t hi ckness r arigyengo fsrgyeaterajr appiaxirhatkly 500 Gethimin the adigsioostéyenmey pe esedtp  The

t t I 20 b by 2 tgmc | bt "ALD"),
cl'ect ol ese. AUBBBIT WiRETeGhEBRESR Bty > BRSrT e XS IOR Theposi {1 on (* VDY),
pl asma- enlBanced CYRh¢ VREGYR b a BWIDINVidcPnay 8O RIrmd@ ROGE {rtétthedialtd®VD') . as

known in the art. An adhesion |ayer may optionally be present between the
t ungst en | ay eemikOnduntortdewice steustitre &by derming elrleasgoneppening 1 thatextendsder e t he

tungsten |2y ehce R by ERSs GRS A RETS A8oeThS, PRICS R SRRy be

formed by ALD® vacuum e tion, oOr sputtering.

one enbodi Nenhe opditngadhies} e forheyardebGibed abm®a, xcopnthdt tieropening il dbebenot
("TiN'). The adhesion |ayer may have a thickness ran

! ¢ _
appr ?\Xi mat el yex60d frpeshhp FURE Hitkaress ofdes %&m‘eﬂﬂéu%‘éﬂfégﬂ%lﬁﬁngaﬁo%ﬁﬂ?gﬂé m3ysed
in the openi : i : i If th
tingaten 05 U B SRS AL R bR AT g R LIRS b BN ghele. |1 1DE
aﬁpr oxi mat el y 500 A5 shbivakn FIiGse 8 ankh@shesecbmd/@xidetayerri8s thb éungsten &gyert 29, amdiher e
t he tungsten | ayer 20t i de | .18., Ho L 1 f

t ungst e% I aytg? X‘g‘(ﬁs‘% 1@?%@%?';6{6‘13gﬁgﬁg%%%%dfﬁ%/%‘vc@éﬁdﬂ%%?%ﬁﬁgﬂrgr&%%si on

| ayer may be Bé%%ilea]gb re %Qﬁ%ighé’oﬁﬂ&%ﬂ@eﬁshﬁ/eﬂﬂﬁgﬁk%ph PART6 A thépdskiCatfopcond

oxide layer 18. 5 If the via 4 is to bé a BW, the via 4 may be forned in
t he i nt er medilayes 12sBortionnefitbe sacontbortidelayerrlond the tzngsgenﬂ@renﬂ%aatrem@am one

i fioomolibe geo !
o “as Shdvn 1 ERE T2 b 9 FaFRLE e MH BolodPe BT UG IR, (722

descri bed aboy@.cofdif@Rtustdireinbee P eedond odide tigers] 8) e tuspsteanalet DO,augkhet he
entire thickness of the sem conductor subpstrate 8. The gpeni ng.14 may 10 be

lined with t rshedeblnrerdifipasentaiay be seledted tneh arinasn siilhypthe 59 baged on'the
R o K VR G
sem conduct orexdeiplecmlys theLtongsten 12yen@ and the adhesion layer (if present) may be removed
20  with a conventional dry etch. The second oxide layer 18 may be removed with a
conventional wet etch.

A first nickel layer 22 may then be plated on the exposed bond pads 6 without
plating nickel on the tungsten layer 20, as shown in FIGs. 10 and 11. To form the first
nickel layer 22, the surface of the bond pads 6 may be cleaned to remove aluminum

25  oxides. By way of example, a cleaning solution used to remove the aluminum oxides may
be an aqueous solution of sodium hydroxide (“NaOH”) and nitric acid (“HNO3”) 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



be etched to renove portions of these |ayers overlying the bond pads 6 and
the passivation |ayer 12. Portions of the second oxide |ayer 18 and the
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20  immersing the intermediate semiconductor device structure 2 in the aluminum activator or
spraying the intermediate semiconductor device structure 2 with the aluminum activator.
The aluminum activator may be maintained at a temperature ranging from approximately
20° C to approximately 40° C.
Once the bond-pads.6 are activated toward nickel plating, the intermediate
25  semiconductor device structure 2 may be rinsed with deionized water and immersed in a
bath containing the electroless nickel plating solution to form the first nickel layer 22. The
first nickel layer22 may act as a wetting layer that enables molten solder to more
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
30  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



10 material may be present in the zincate solution as Zn(OH)4. The

I nternmedi ate sem conductor device structure 2 maybe exposed to the zincate
solution for an anbunt of time sufficient to deposit a zinc-containing

| ayer on the surface of the bond pads 6. The zinc-containing |ayer may

I ncl ude from approxi mately one nonol ayer to approximately two nonol ayers of
a layer rich in zinc. The zinc-containing |ayer may function as a seed 15

| ayer to the fj,rst_nickel .|ayer . The | nedi.at e, serni UCt .devi ce
structure 2 na aastﬂ%ecg%’(ﬁ%ﬂ‘?‘{ags ({Pﬁiadf}l’ﬁtﬁat’ggg}&m ?l?ﬁtﬁm%%srm? reg%q%hp%ps%l;(‘f’%t ely
10 seconds to ppERESNKE sAtsysuch agthitke] Sulfald, fiickd] Ghisale) hlchelsulitg nidehromide, | y
avai | abl e fromyvarious manufacturers, such as from LeaRonal | nc. (Buffalo,

NY) or PacTechnicksAuemberatennicked pytongte, nighebsublametead aigkelstlon pafonpiess phdi at e
sem conduct or ' tr e B 14 | | he
internmedi ate sgoﬁnﬁl&ceg()?l\g%cx{l%@; féfé‘v?%ee st rﬁeg UIF%CYEEIE% %ué%gmﬂgﬁg?ndcgg? %vat or or
sprayi ng thg i rddecingsieat, sucherviaphosphatue comignand er shororctamppuid. Examptesef al um num

activator. The al.um num.actjvat.or nmay be maiptained.at a tenperature
rangi ng from affIPeRg pRents ine U%Oéwyaﬁwwtﬁé{;@@%@‘@om%%% bond® pads. 6
are activated ‘091‘6%}?&5‘1 aE)'a‘?iMRb@t'I'hBQm&&éss.hﬂkéé)gﬁ&g%ﬁio%ﬁnw@oqmﬁéﬁa@H

ide)
device structure 2 nmay be rinsed with deioniz ter and’immersed in a
bat h cont ai ni n¢gp mietai the pHof tesolntiokaid compleking agaits, sich rs eigicasidplactivactd;, r st

ni ckel |ayer 22. The .fifst nickel. |ayer .22 act .as_a wetti l,ayer that
enabl es nol t en °58f e?c"({' o'h}%)llgc’ﬁg? fedeserite &?ﬁ\(“gtﬁs?h“ Vil g’aﬁ‘.égﬂ'ﬁné@a?’?eﬂs “hi ckel
| alyer. 22 may a:?p]ﬂoﬁﬁfatehs?] ® dpﬁxl’oﬁdneiteljr/] &yB[lrirllgtEbel@Tﬁ‘dDéseglgtim’g:, ﬁileJlsl i@iﬁatei ng

sol utions are known in, art, .such as el ectrol ess ni_ckel - phosphor us
plating sol uti GCHto &%&@w@@gowfemedwg&wm I onsgmbediment . ?esﬁgws

el ectrol ess ni qgly p@Atagisaqﬁaﬁhabaée%@r&l&ﬂgﬁs&iﬁﬂnﬁyh%xﬁeeﬁée,am%dmch as
NicPac 2.1, NicPac 2.2, and NicPac 2.3, which are available from PacTech
GbH (Berlin, Gypenhnsphiteniy anpberamboedinjenSiie eldctrolassaddkel plytingiplytient in¢lnges

Ni pl at eTM whi ¢h ' | Roh . . & 11.Gs rials
(Phi | adel phi a, “HK?’T S%l@ég‘lé‘i %%E%E 'fr"é"?gﬂsdsg&ﬁ{gc @?e%ﬁ;‘%%@gé‘@éﬁﬁaﬁ‘uﬁ%gry%&‘% Gde
ni ckel sal tis, dathimabemhaikeinedatlafterhperative cdrgingdivnoappeeximatelgloot Csall it e,

ni ckel brom de, nickel yor obor ate, nickel 'sulfonate, nickel f amat e,
and ni ckel al kﬁpprgﬁﬂa&%i@’s?{’ é‘écng_s %25’15‘\98’8’“6‘?”9?%@ ré] Y?I?BP‘O?"HFW‘S’I'%@%I ectrol ess
ni ckel plating sol utal MRKREY ofthé first Mekel ier222n HRBoRH PEIsFARE} depertidh tRS @
phosphorus conmpound or a boron conpound. Exarrglpgs 0 reduci ng agents

i2f

i ncl ude sodi umaeypsBEHieaeinickel irthasteryelessnickel piating olutingand An apes Ritime e,  and
DVAB.  The el ectipfl fsitardefili@ndfthit'deide stctdld P8 ifiR¥rs& S thd G&wdilss M8 blating

20 solution. The first nickel layer 22 may have a thickness ranging from approximately
500 A to approximately 10 pm. In one embodiment, the first nickel layer. 22 has a
thickness of approximately 1 um. The intézmcdiate semiconductor device stnicture 2 may
be immersed in the electroless nickel plating solution for an amount of time sufficient to
deposit the desired thickness of the first nickel layer 22 on the bond pad 6, such as from

25  approximately 1 minute to approximately 5 minutes. During the nickel plating, the
zinc-containing layer on the bond pad 6 may be replaced with the first nickel layer 22.
Since the nickel plating chemistry is selective for aluminum, the bond pad 6 may be
substantially plated with nickel, while substantially no nickel is plated on the tungsten
layer 20 in the via 4.

30 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. Altematively, the
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to maintain the pH of the solution and conpl exi ng agents, such as citric
acid, lactic acid, or malic acid. The pH of the el ectrol ess nickel plating
sol ut i on weybe/reigt ai ned from 10 approxi mately 4 to appCoAist@ssbo2s.
During the electroless plating, nickel ions are reduced to nickel by

oxi dation of the reducing agent. In one enbodi nent, the el ectroless nickel

pl ating sol ut cepper beidushd® maycheedcticittdwith @ palbidiny So10N6H eofyre tidkal atingithther
sodi um hypophosphite. In an?t her enbodi ment, the el ectrol ess nickel
pl ating sol ut f8A Wikdhegesate ol sul fate and sodi um hypophosphite. The

electrol ess ni ckel ARPiE Rk ARKMILRA 2 ga%%%&f(é‘rgqeﬁ%b& HBYAR ;gﬁ%/ BIALaethd! @

t enperature ranging from appr oxi approxi mat such
as from appr oxickeltleyey 28 tha§ be depgspedini thadeningd@ tClindthieviack ae stovaf intRi@s.f12r st

ni ckel | aygr 22 he bond .pa 6 depend on the congentration of

i ckel 1 n'% heaat B8 P sesmaifiRive Angcet wv pone B @A bt UENSORE ¢ he
internmedi ate \eRbUMIHEIDY il Vied STRekeEdHEhickel Bk MEHSESE ddpobilR@ over the

el ectrol ess nickel plating 20 solution. The flrs? ni ckel |ayer 22 may have

a thickness r amgtaglayerdf afisp fitsk remntvisigyoxidsg from the tumgpten kiyersdOe | Khe hangsten | n
nbodi first, nickel | 2 . t hi ck f i, mat el
Pom The 1 nt vsea meeb€ el el b 9B Pect B0 S Rl MR o

the el ectrol egKOHCkplutiBhat i ng sol ution for an anmount of time sufficient .to
deposit the desired thickness of the first nickel |layer 22 on the bond pad

6, such ak0from 25Thppnasteriaye) %) maythenheactiatediomsrd rigke platisg withapes .

Dur | the ni . A i od 6
may Do r opl aced it HEL sadeetietor . SRR MR s LI P2 g
chem stry i s smigsted,itieebdndrpadd &imiapuoy betdetvdrahid waabhiCkelrphtitye Tlsuthsgsemt | al | y

| ated with nickel, while substantjall 0. nickel is plated gn.the_tungsten
Fayer 20 in tASYIoR MRy bg@n aayroEs P#ﬂ?gﬁ‘f%%?&‘“oﬁlﬂéﬁt i“f?&}’d@ﬁg ag’cuf’}lﬁﬂé‘}f‘sb fised to

plate directl ﬁlt&ﬂmeﬁﬁ%ﬁﬁq&gﬁ@or dRads sBucht PRihy e QIH SRR RS the TWEsRE activator

selectively plated with nickel w thout nickel "plating the tungsten layer
20. Acti vati ofprgfsuffisienbamdur aftime td depesitia thinlyeoypeladiny oo theusurface of the

substantially,_as _described. above in regard.to the al um num bond pad 6.

Al er nat i vel 3 UENET RTG kot iBad e R ety RSB R R e,
bond pad 6 maghesatfoithatuagsted ddivaopt ami dpproxithatély Q0 sEhas © @Ff‘o‘)ﬁﬁﬁatﬂkf@ti ng,
rather than wi.ith the zincate sqlution. After the first nickel layer 22 has

been fornmed oWdRute-hEhayngsigadaer 60 of e infersdinte semisandugtagdgvice strpgtyregamay
deposited in {OgRBRAY Imiidrsii the MernBBiatt!sBmfbon@fect MRV Stuckl:ES in the
20  tungsten activator or spraying the intermediate semiconductor device structure 2 with the
tungsten activator.

After the tungsten layer 20 is activated toward nickel plating, the intermediate
semiconductor device structure 2 may be immersed in a bath containing the electroless
nickel plating solution to form the second nickel layer 24 on the tungsten layer 20. The

25  electroless nickel plating solution may be a conventional nickel plating solution. The
electroless nickel plating solution may be the same electroless nickel plating solution as
used to pléte the first nickel layer 22 or may be a differént 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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5 and 13. The second nickel layer 24 may act as a wetting layer to enable
the nolten solder to nore effectively fill the via 4. The second ni ckel

| ayer 24 woeybe/dspesited over the tungsten |ayer 20 af pem/uskeosiossesovi ng
oxi des fromthe tungsten |ayer 20. The tungsten |ayer 20 nay be cl eaned
chem cally, such as by using an agueous potassi um hydroxide ("KOCH")

Pt 0 T RS St b B R
tungsten acti yakelplthgS@k 85kt ¥aflliumloatBSiugted | %r@@%yﬁﬁéipl&eﬁ%ﬂﬂﬁé be

activated toward nlpkei plating. The tungsten —activator r be an aqueous
pal | adi um sol atdopdnickeltlayene4.ublaee tha kleattdleannidke) platorgssoluTine is selecevatedi at e

sen conduct or _devi ce,_sfructure nay .be sed t he t.yngsten activator
15 Tora sur f MUERRD e B T R R plfre oy e 3L afbRlaei aly on
the surface ohohlRel i§ pragaanhd tindpaddds. For instance, the internedi ate
sem conduct or device structure ma%(lﬂbe exposed to the tungsten activator

1

for from approxi mat B¢ yia fonaetbembrsiities wighsadar 2 teprpvide the gendectivg hethwangst en

| ayer 20 of t [y i em n device strhucture 2 na be

ac%/i vat ed by ?lgror\r&el{r%ﬁllg?ﬁ ﬁ%h?%? 'eﬁn%%g#gﬁa é’%%ccco)lrllvﬁl 1? %2}1 Séélggri fggmg?t?(ﬁlctmfr e 2in
the 20 tungst amchales iiv,déad; indiuns phi@yomg silvee, do]?p&[mﬁhi&hﬁes&mfb @folrmia@élﬁgrorﬂ@/ Ice
structure 2 wth the _tungsten actjvator. After the tungsten |ayer (S
acti vat ed to%? BaHQP]Gk’éi""eE’Ingt"F %Hl,ngtt Vip i Spighds splder f@ﬁh’i‘f’g@ﬁﬂ@&’ Bichge\hut e

structure;@ ey RelimBRlcBY, 1e8d/3vAat @O%Eg%dﬁ}d% 08, éz’;%mﬂlut?xﬁg F9 Itlﬂ,S foool ki ,kel

pl ati ng solution to formthe second ni cke ayer on e tungsten layer
20. The 25 el aed 629 éxad/ 30Vt %opiletri Ag fBlthe viadnwithathe lselder 260 theaoldextamanbe kel

| ati ng sol ution.. Th el ectroless nic plati sol ut.i on e the sane
gl ectrol ess ni'ehe] toﬁﬁ???ﬂﬁmﬁeoﬁu 4 poa@lél?@éaﬁ%%gﬁ’ﬁ% S%‘I‘?B‘ }%r%ﬁjto_ni ckel
llayer 22 or mapproamatetht 300 e NtheghslfehlsOldesBainek 8L dERkddd theSRh Wt A&k thEhe
el ectrol ess nickel plating solutions are as previously described. The

second ni ckebondsads 62l thepolien wlder isfleprsited seardhpang padotmitapay kedeflawed y 500

A to apprexi 0 . ﬁgg di t ond, nickel |ayer 24
has a thi gﬁnggﬁgﬂrhéﬁ’gﬁ 4nté)q$}r“8!rin@th§g§? oXI ‘(r?reaéa% %n%or 5 ggﬁp%%sﬁgf’ g?@?s’ée%fsmﬁ%
i nternedi at e sew sided podoess inlehidhehe SibhercdoldeisZipphed tha badoirfeclof the t he

el ectrol ess njckel plati Fk]???@ olutjon for an_amunt of tine sufficient to

deposit the dBSTREHACHFRIRBIWCISMeyiRe stsustithd, thiherd 4 isayleW 1. 2Bheymokienesolfisnd 13
WO 21) 1) 6102 Bhy tHefr be WRdnlihné @iﬂa&lﬁl}zcaéilléry R286n fnd @%ﬁ% ?O?CJSL om
approximately 1" m nute to approximately 5 °m nutes. rtng the
If the via 4 is a BWI, a mass of solder, such as a solder ball, may be placed at the
20  mouth of the via 4, melted, and drawn into the via 4 by capillary action. A back surface of
the semiconductor substrate 8 may be removed, as shown in FIG. 16, to expose the via 4.
The back surface of the semiconductor substrate 8 may be removed by backgrinding, as
known in the art. Backgrinding of the semiconductor substrate 8 may be achieved by |
chemical mechanical polishing (“CMP”) or by abrasive means. After removing the back
25  surface, the via 4 may extend through the thickness of the semiconductor substrate 8,
forming a TWI. As such, the TWI may be formed directly or may be formed after first
forming the BWI. '
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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ni ckel plating, the |ayer of palladiumon the tungsten |ayer 20 nmay be
replaced with the second nickel |ayer 24. Since the el ectrol ess nickel

pl ati ng swbubiemnsiis sel ective for tungsten, the tungstearhdy@sn2228my be
substantially plated with nickel while substantially 5 no nickel is plated
on the bond pads 6. The via 4 may then be filled with solder 26 to provide

the conductiv i 14 and 15. The | der be. a

conventi onal Elg %gl?yg?%lﬂrzr?g?%%@gga}%gg lﬁfﬁﬁf%raseegﬁt‘?%]bﬁfsfgaﬁdf@%F}}ﬁsgaﬁ‘ﬁ ny,
si | ver, coppethe ineonetiat¢ seneisoridoetoeddvice Biracta] Xiging @y spader t@pathegeddhdwet ti ng
or filling the. igg4. %uit%bl solder fornulations may include, but 10 are
not |imited tBickedsycsaamsytien © PO Ven e damsien fayen2lias shavinin 3166 20 The100%

tin, and 62%dc8adhRRYNIYePbRHnS b {dubty 061 ’ der 26,
the sol der_ 26 r(r:a be he}Jgt ed t(§) aiﬂt%%%g%e{vtoblgygggﬁ%?en evwflégr@ealgﬁh%%ee sol der
26, such as f filed wilysader@6, aympedousiyedastybed 0 regard ib F1G0I4 BY depbsitiig M@ irdthen
be deposited jn the via 4 or .near th bond pads 6. If the nolten solder is
deposi t ed nearrngﬁ%éayﬁf)?\%mbeé@%e Ron ip?ésnigﬁf%ré%ee‘f‘i’ g%@’“ﬂ%‘j’iﬂiﬁ(ﬁl If‘ﬁén‘iiibﬁ 4 to
provi de the cagmuiedd daepoREIR of HeRemRbARIt? BubBted B8 e@gmﬁ%ﬁ eusing a
wave sol der process in which the nolten solder is appli to a back surface
of the inter?Rsdingléis&rmednduct or device structure 2, if the via 4 is a

TW. The nolten s a intp the.via 4 b il]ary.
action and wetti ngﬂ3$1 §§pggf§_ﬁ§ Iﬂie%en?‘%egfaﬁwg X l}lméf‘”r%%tg’cf}%{e g%gﬁéie}’o%%' as
a sol der Hal | theseophé njpkeldeybr a¢ o i tuRBteiRthétuRf the ARNMAEN 4rudfie heg beand
drawn into the via 4 bég%:%pi | lary action. A back surface of the

seni conduct or POIFSEH dyp R R PSR PREHEPSa Sossiance, thefirgtnickel layey 23 xprys e
th i 4. T, ] o b
B Ty o

renoved by backgrinding, as
seni conduct orackyger. r Eeguggstrmystrhetumaha yetherdbedoyicket pRradogithorefuitha gratectiipl the hi ng

" CVP" by ,abr asi ve ans. Af.ter.renoving the back 25 surface, the via 4
Enay ex% e(rjlél t%arl%nt}&lim} sﬁ%lc{aﬁergﬁﬁg‘é‘go%fsmtcﬁg}%@?ﬁ%ﬁ%ﬁ%@t‘r@rls wigkel platdeafigr nickedr i ng
a TW. As]5sucplatitgthe dMhidty stARnfr®mieke] id inf)ﬁ%fnloyedl)fro e tla%sfté?lr%gru?efftéfetflegi rst

ayer my be rne

formng the BW. Alternatively, the first nickel |
over the bondlgpaing activadng, spbplatingchemistrigsusedrtoepldte thetalumiokalstrhetyrer IRathemy be

formed as prey) I Then he, openi ng. 14 may be forned in
the sem condﬁ%%@?’.%é%ggﬁﬁéﬁ%&g, ryauségﬁoor\?ﬂmiv%%hﬁla&‘\"%%‘?’ O%Fés HB@%PWS“‘P.XC may be
formed as pr eporiderslof tidesamidmede] e 24 doanisids itevia bayer 18, the tungsten

| ayer 20, and, optjonally, the adhesion |ayer, may then be deposited in
the opening 14 to 4YFRYIPHYY Featioped,An angihenrmbediment, thetungsten smictorais platade

| ayer 18,20t héwith nickel before nickel plating the aluminum structure. The tungsten structure may be

selectively plated with nickel by activating the tungsten structure toward nickel plating

and subsequently depositing the nickel, as previously described. Thé aluminum structure
may then be nickel plated by activating the aluminum structure toward nickel plating and
subsequently depositing the nickel, as previously described.

25 In another embodiment, the tungsten structure and the aluminum structure are
plated with nickel substantially simultaneously by activating the surfaces of both the
tungsten structure and the aluminum structure before nickel plating. 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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14 WO 2006/ 028715 PCT/ US2005/ 030228 tungsten |ayer 20, and the adhesion
| ayer (if present) may be renoved fromthe surface of the internediate
sem conduwbanogiryiise structure 2 using the spacer etch. pCharssmsobat2s ni ckel
| ayer 24 may then be plated over the tungsten |ayer 20, as shown in FIG
20. The second nickel |ayer 24 maybe plated as previously described. The

via 4 may then be 15addilidd sdlebtiveBoplaieie o of &R AimeMiBuEhstuttend tdrankston
regard to FIG 14. By deposi ni ckel |ayer_ 22 qver .the bond

ting the first
pads 6 bef or etrupferenith mckel, th@mﬁ%ed ohthe méqserﬁaryvenmn Bay Jaepouietysdriiyet i ons
of the sem conduct or h n IS
formed. By de%%g Peg %fga %OFb% érfs ?{r]s I%nalglgﬁ%i tﬁ’lrl%teﬂxs H}I%k u'§1S gﬁﬁ% {sht@ ?S%Ifrur e
bef ore deposigal Bdnaylte fbhﬂecﬁfe@ﬁ Rolppet kaixuhxasleﬁah?rﬂmom dndeoppengSinen struct ure,

t he al um num structure rotected during equent rocessin

steps. FoP i W@P%@nalﬂ’%egﬁl?t@@ CﬁF’@l@&eSI“éﬁ)’é}e piaze%itgﬁct EIRto £EPRET r{ﬁ%ﬁ%ﬂd 9%ﬂ§k to

protect the e tungsten activator.
Aot e, SoFE Al Be ShievENBRSH Fidh Rickd]

The tungsten's ure plated wi thout further protecting
the al um num st r WWhils tae 1rivran\axddnhy bmsussdptible to haridus ngslifeatieisrand aliereative

ni ckel pl at ed after | ati t he alum num str ni.ckel .i s not
renmoved fromPHBS Flﬂﬁ‘f&i‘tf‘é’ﬁ?oé “d@%kﬁﬁ"ggg‘f}‘ shRwn by way ?1 i e 93%{9 tbﬁfifa%n z34nd
plating chem }ﬁ% b&s désE el h Rl Kerdih eH%WO@rnM moﬁldﬁtcﬁddéﬁtooh fha@ tHREfvenyion dS,
the etching chem stry used to renpve the al um num oxi des may not renove
portions 16f tikeotsetcoded tabe kinvited toythe p@ncmlﬁfofﬁﬂhﬁ@is@i@sedhgaﬂhﬁlat@ inyeaitigp 1P ous| y
mentioned, in_an odlrrent t.he t C gWith
ni ckel bef or 4P alilerpo?iﬁﬁlio% eflwvalg?tlsj’rﬁnﬁé%g@%ru% at“mé &%Stliessﬁmst%(ﬁg? ggct ure
may be sel echi urkptidal s definedi Byhhaiotls@inguppacdell ¢hihag the tungsten structure
toward nickel plating and subsequently depositing the nickel, as

previ ously described. The alum num structure nmay then be nickel plated by
activating the alum numstructure toward ni ckel plating and subsequently
depositing the nickel, as previously described. 25 In another enbodi nent,
the tungsten structure and the alum numstructure are plated with nickel
substantially sinultaneously by activating the surfaces of both the
tungsten structure and the al um num structure before nickel plating. The

al um num structure may be activated by exposing the internedi ate

sem conductor device structure 2 to the zincate solution, as previously
descri bed. The internedi ate sem conductor device 30 structure 2 nmay then be
exposed to the tungsten activator to activate the tungsten structure.
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The activated tungsten structure and the alum num structure may then be

ni ckel plated, as previously described. 15 WO 2006/ 028715 PCT/ US2005/ 030228
In addition to selectively plating one of the al um num structure and the
tungsten structure with nickel, the nethod of the present invention may al so
be used to selectively plate one of a copper structure and the tungsten
structure with nickel. As such, the bdidAIM®d 6 may be formed from copper or
m xtures of al um num and copper. Since 5 conventional nickel plating

chem stries nmay be plated directly onto copper, the bond pad 6 forned from
copper may g S&liSifeliye! Y plated with nickel. Wile the invention maybe
suscepti bl e to varitous nodifications and alternative forns, specific

enbodi mrents have been shown by way of exanple in the drawi ngs and have been

described in detall her ei. n. ver, shoul d be .understood th t he
oot ioh 10 1 olnot I methad el RIS pling ARy o HATOBF it e

di scl osed. d@éiwﬁi:ucfl.&@%ofn Vi§bi on is to cover all nodifications,
equi val ent s, ernalve falling within the spirit and scope of the
i nventi on gsovidihg aethtdmnediate stmidoatiatay depipe stdeture kampssing 8 l@smmxpdmdt is

claimed is: 5 1. A nethod of[ﬁel ectively ‘%I ati n%mni c(ﬁagl pon an int erngteagi ate
seni conduct or  HEBFER SEYGYTE R %tleaéb‘h‘i?rqfﬂ 8 OBt BXROSE IR UG U A

semi conduct O - deyliGse SkpUE bihef GIRIIEbATsHicbiRfehr AMRnALPRRED  tungsten
structure and at [east one o ast one exposed al um num structure and at

| east oHk eigkekmatingahpatrleast onmdmoedcbmgateaetmnmﬁ@uettleast enthafithastdeastorst 10
ni ckel plating the a sten structure or t one

| east one ex t.un
of the at | east %Wéeé ARBIREY St mgﬁtrlﬁ@? %%exé’ﬁﬁffdtor‘?gp%{lswgﬁ@tw%ﬁzﬁeexposed
copper structur %th\épbi* e bf1€ast Qﬁéqé{po% tﬁﬁh@ et lstrh @@ lor 2t fe’é&%@@f {HdRORAEN
structure or the at | east one e at east one exposed al um num
structure and t bee etpobabdtmone srupmsezhdebpadeassoneexposed copmmairmguranpl at ed.
15 2. A net hod of 4“ at i [l-laQeJli ckel on an internedi ate seni conductor device

structure, conpfiR¢RHUnP
15

2. A method of plating nickel on an intermediate semiconductor device
structure, comprising:
providing an intermediate semiconductor device structure comprising at least one exposed
tungsten structure and at least one of at least one exposed aluminum structure and at
20 least one exposed copper structure on a semiconductor substrate; and
simultaneously nickel plating the at least one exposed tungsten structure and the at least one
of the at least one exposed aluminum structure and the at least one exposed copper

structure.

25 3. The method of claim 1 or claim 2, wherein providing an intermediate
semiconductor device structure comprising at least one exposed tungsten structure and at
least one of at least one exposed aluminum structure and at least one exposed copper
structure comprises providing the intermediate semiconductor device structure comprising at
least one exposed aluminum bond pad or at least one exposed copper bond pad.

30

4. The method of claim 1 or claim 2, wherein providing an intermediate
semiconductor device structure comprising at least one exposed tungsten structure and at

least one of at least one exposed aluminum structure and at least one exposed copper
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provi ding an internedi ate sem conductor device structure conprising at | east
one exposed tungsten structure and at |east one of at | east one exposed

al umi num structure and at 20 | east one exposed copper structure on a

sem conductor substrate; and simultaneously nickel plating the at | east one
exposed tungsten structure and the at | east one of the at |east one exposed
al umi num sistrummmrcemgﬁsbstpmiéng theasttrmovdéatesepuseductopgeice stuctutet apneprisiag aB.  The
met hod of Ialml claim 2, erel rowg n internediate

seni conduct@st Qi‘é\)’i‘acl@vg‘cgra&c?t"ﬂﬁ’s& (]:%/ﬁb?ﬂ G0 erF‘gﬁ@P one exposed tungsten
structure and at |east one of at |east one exposed al um num structure and
at | east one exposed copper structure conprises providing the internediate
seni conduct or dévi ce Tt methadrod claomprar slamy 2awhercipasdkebpletingiho seldashbugri num
bond pad or at | east one exposed co bon ad. 30 4. The netho of | ai m
10r Bra messoogsBREH BRSTHUPH T TRCL A At one cmsebTcRE) “egreend
structure GMIdagt g eﬁﬁost:@@@pepﬁﬁmﬁif@%ﬁ@thwm bf?t'ﬁe §€ Jekks b SxpRE tﬁﬁgstelneaSt
one of at |east one exposed al um num structure and | east one exposed

copper 17 struciatewr thego lepstione of the avieast nge cmsadmlwnmgm siuetugeeariddbnaidessor

Lngsten ¢ HBY BHOSHH PP LR om0 CopIREH &Y R P e i BLRGE i cie

pl ating t hehahislr$aSictiRP foralE@XRAREE é)nglngl'sttugggt‘gr;ructure or at |east one of the
at | east one exposed alum numstructure and the at |east one exposed copper

structukle while the other of the at Ieast one exposed tungsten structure or
the at | east one of e at osed. al um. structu nd the at
| east one expoSed c})%‘ﬁé‘?eﬂ%o[dr GE F?'g‘f‘? Wh?fﬁﬁnﬂ‘gﬁ[ngﬁ?ﬁﬁ&gé@e?g%%ti ng a
ni ckel pl atekg&ed ﬁiﬂ%ﬁkﬂtﬁ)&t&@bﬁ&tt&a%ﬁorfe%"f 1Rl Ea e eﬁﬁ&@&ﬁlumﬂ{urﬁ HA@air€hd 10 6.
The nethod of claim1 or claim2, wherein nickel plating the at |east one

exposed t unlgsitdaastsinegspasce cazppeastrucaus whideithe othet hithaat leashone ms@b«p@@d
al um num structure an the a Ie t one ex c stru re whjle the
ot her of t HEUCHICOEHER l?ﬁ%toélﬁﬂt emggwwo %dtsﬁ ’t“ﬁﬁ"gs?%lf ?té%{ one of
the at ifﬁa%he Wﬁ%tﬁhﬂf@ @Hﬁlrﬁhﬁblﬁtfe%&nﬁﬁ'&s ta&ﬁ‘vaﬁh Jch%%%fea@t%n@&?po@éﬂoos ed
copper structure remai ns unpl ated conprises activati ng the at | east one
exposed t dugster strgdtura ot autrleasooneatf th@aée;as‘ocm egposetl eluatinine aguctan endsheas ed

al um num structure and the at ? q Pgsed copper structure toward
ni ckel pla §agtpne exposed copper structure owar mcke afin

7. The method of claim 6, wherein activating the at least one exposed tungsten
20 structure or at least one of the at least one exposed aluminum structure and the at least one
exposed copper structure toward nickel plating comprises activating a surface of the at least
one exposed tungsten structure or at least one of the at least one exposed aluminum structure

and the at least one exposed copper structure.

25 8. The method of claim 6, wherein activating the at least one exposed tungsten
structure or at least one of the at least one exposed aluminum structure and the at least one
exposed 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
exposed aluminum structure and the at least one exposed 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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7. The nethod of claim6, wherein activating the at | east one exposed
tungsten 20 structure or at |east one of the at |east one exposed al um num
structure and the at | east one exposed copper structure toward nickel

pl ating conprises activating a surface of the at | east one exposed tungsten
structure or at |east one of the at |east one exposed al um num structure

and the at | east one exposed copper structure 25 8. The nethod of claim 6,
wherein activatjng the at

t d.t truct | east
one of the at | bho:  Siremett ehelaf G R St GERGS anlse” ERE e e e

exposed CORARKrSbY HGdadl SheloP VR A 1435iTne kxRised AINRIMATRAICRRS aRKPOS 188kt bie
internedi ate sem conductor device structure to a zincate solution to

activate aéxﬁoeabdopperestmétutd’tewaltd m@@hplamonﬁxpmoangrrhenmmﬂmmt ure and
the at Ieast one ex sed er str ure. 9. 1Ih d.of claim8,
wher ei n ex'ﬁf’é‘é‘F‘r’fﬁiu{’tﬁg Vet eatf’é‘ p?ﬁ?ﬂtl ﬂlﬂg?l?)ro acH?é%? g’g %Pﬁ@?ﬁ?’é“"? e[OH a
zincate solibiostRRARE S€S exposing the internediate sem conductor device

structure to an aqueous sol ution conprising zinc oxide and sodi um hydroxi de.
18 10, The nethod of claim6, wherein actrvatrng the at |east one exposed

tungsten structure ast, one, of. the at gsed al u num

structure and tLﬁ %%gmg{ho daﬁ")‘(g%s"et&r%%ﬁ’ﬁ@Fmgﬁlr fé lf“g 130%4

pl ating Cogwlééﬁﬁmﬁffpﬁﬁa ?ﬂlaﬁhﬁ‘n bélhﬁér{T&ﬂh;%s%s &&ﬁmgqaamt&h@ma&ew ce structure
u 0

to a pall adium sol ution activate the at |east one exPosed t ungst en

st ruct ule. senicortuectormd¢vicrstattucd tiamag@souskmdntednromppiskigmglladiem (Bt iensredi at e
sem conduct or device structure to a palladium solution conprises exposing
the internmediate 10 sem conductor device structure to an agueous sol ution

conprising pal | agli umrft hl)etﬁoawclauﬁior J1aBn MBI afckel RatMgkho4t [edstor® 2,
wherein nickel plating the at |east one exposed tungsten structure or at

| east one eofpostrbtuagstéredsictuomes aeiqesismad ofitha af leastose exposest Bumingm stietugs andeast
east on gsed

one expose struct ure whi

Cungst on 15af Fadonr svied fromdt oty afhE prehel B ates FRSH 00 (SRS
al um num sBtr&&ﬁrélbfethaadleaﬁen@bf&l@aﬂéast OREXPSRASAIBARREUCtEL A ke £ [dagiTRi NS
unpl ated conprises nickel plating an activated surface of the at |east one

exposed tu ngm)@ns@tqoppetrurrectme remaurleemlatc:ﬂheon@nirlscsruelczb@1 plasiag an e¢tevated podacd
alunlnunrstfﬁeﬁh e _and the e one ex g e €@> 1str[ucture d20 13. The
met hod of &1 BF A £33 PREFRON ungs u’&?ooﬁﬁ &1 98° R PRa} B 9 RYOKE | east
one unpl at gRmSAuny Stidige ahd B at Rhst be@&ipoSticopydt@iétufeungst en structure or at
| east one of the at
20 13. The method of claim 1 or claim 2, further comprising nickel plating at least
one unplated structure of the at least one exposed tungsten structure or at least one of the at

least one exposed aluminum structure and the at least one exposed copper structure.

14. The method of claim 1 or claim 2, wherein nickel plating the at least one
25 exposed tungsten structure or at least one of the at least one exposed aluminum structure and
the at least one exposed copper structure while the other of the at least one exposed tungsten
structure or the at least one of the at least one exposed aluminum structure and the at least
one exposed copper structure remains unplated comprises nickel plating at least one of at
least one exposed aluminum bond pad and at least one exposed copper bond pad while at

30 least one via having an exposed layer of tungsten therewithin remains unplated.
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| east one exposed al um num structure and the at | east one exposed copper
structure. 14. The nethod of claiml1 or claim2, wherein nickel plating the
at | east one 25 exposed tungsten structure or at |east one of the at | east
one exposed al um num structure and the at |east one exposed copper

The at 1 east onbor thunepoyshaFng ot SRR RRRIRAIEI feslirk Cho ot

| east  oneegoRAaAkseARROEtufel dTWE lebst@né 6TAE BSlcakh Phead@dsdaihinG@Sstittateaind
plating at | east one of at |east one exposed al um num bond pad and at | east

one exposethe@blspe PndeRgsesbedpner sractyre wigle thaathernfdhe atdeasbenesypessd &3nssise d
| fot f i thi ' : f clai
e ol ai n BRRRE VSN b LB R Rt i ducrli G Blet0Rad O &1

struct use gfie &poded@dppe? BBudiire rétBaiad ukptast coviRisexipolsd Platihg Bl 1BaspvL&d vilict ure and
the at | east one exposed copper structure while the other of the at |east
one exposebvingupsexpnseddayer et iypestesy thengwithin whilsat leasiong pf pteashene expetedone
exposed al um _num st ruct.ur n e l,e er structure
Femains. ariarie SR 408 R b hede i Rhe BAL G RERS DaBRETT 1L
exposed | ayer of tungsten therewithin while at |east one of at |east one
exposed alum num bond pad and at | east, one exposed copper bond pad renai ns
unpl ated. 16. THe meThomedpd of elpvm | obelaig divwherein piskelalafingithgileast apei ng t he
at | east, one 10 ex e ngst tr [ t; .one. of t_l.east
one. oxpBsclerahENBRT SRR S hag ohF LMER iy e SRE% AM0gh lGufant

structure wliat Radtbge &4pdedd @ppéhtrueturd Witk thOseofRs dedstibi@Skpdsed ilngsted ur e or
the at | east one of the at [east one exposed al um num structure and the at

| east  onestesepis athe apgast ong ofithe efrleast eneexpased AbIHpWH sEesfvieiand thert kRl
I h . ] . . t
Dot o by A B0 RSP HPRY S A BBkt

one of an a eas

activated afe dxpast t@ipSte@%POGEE o AOBSK 08d sludtabti@itedlal lealherRpbred amiglngi m 1
or claim2, wherein nickel plating the at | east one exposed tungsten

struct UPe #ruchire prhagtacraedat leasbongrexpesed copiee sieygi8ed al um num structure and
the at | east one exposed copper structure while the other of the at | east
one exposed tungsten 20 structure or the at |east one of the at |east one

exposed al um numm. st r Thé medoddfclhine] af clhied3twheddif nRkeIgi@hgahPResassneuct ur e
remai ns unpl ated conpri ses electrolessl% plating the at | east one exposed
t ungst en s€¥P@sadfHeesén siuctuepsat lsad oge of the atleast eagsexposrd AdwpiayBStHetyre andm

structure e S uct ur i hcke 25 18.
e E L e e
tungst @0 s§trudalrelocthe bt 18dst beasitthOmdeR{ oreh@péded hRaThud REuANIRAEE theak Leagtnum
structure and the at ) ) )

one exposed copper structure remains unplated comprises electrolessly plating the at least

one exposed tungsten structure or at least one of the at least one exposed aluminum structure

and the at least one exposed copper structure with nickel.

25 18. The method of claim 1, wherein nickel plating the at least one exposed
tungsten structure or at least one of the at least one exposed aluminum structure and the at
least one exposed copper structure while the other of the at least one exposed tungsten
structure or the at least one of the at least one exposed aluminum structure and the at least
one exposed copper structure remains unplated comprises immersing the intermediate

30 semiconductor device structure in an electroless nickel plating solution that comprises a
nickel salt selected from the group consisting of nickel sulfate, nickel chloride, nickel sulfite,

nickel bromide, nickel fluoroborate, nickel sulfonate, nickel sulfamate, and nickel alkyl
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| east one exposed copper structure while the other of the at |east one
exposed tungsten structure or the at |east one of the at | east one exposed
al umi num structure and the at | east one exposed copper structure remains
unpl ated conprises imersing the internmedi ate 30 sem conduct or device
structure in an electrol ess nickel plating solution that conprises a nickel
salt sel ecduifdndte amiattwdu@ngagentmh@tesdtfromt}mfgrmpcdoatisth@ dfas_odiurmhypoqahoaphit@ri de,

ni ckel sulfite, nickel bro rat sul fonat e,
i ciel - sul bl oot ket DRy Ak d SRt R bien Pt Eing agent
selected fromthe group consisting of sodium hypophosphl te, dinethylamne

borane, sodi um borohydride, and di nethyl am nobenzal dehyde. 19. An
i nt er nedi at e selrﬁ continottgmedate scmlmndumconﬂemce@@mrb,sﬁomgﬁrlsmga sem conduct or

substra e £o ast _one osed tun n str re a | east
one. o> art REbumuEr BbsraSimitier frains el Bheter Hristist =B @htes
copper struct Urcﬁat 1e¥1 SR bxpokdtRaldthinufAhiucRRCarfPaP RE GGk @ﬁ;ﬂ)‘?,é&éb bF diGkbtiFg or at
| east one of the at | east one exposed alum num structure and the at | east

one exposed coppmareis tthelmﬂaaste)nlesxmsad tudgston sthachire ficdt lell dng of s apleagionef t he

at | east one expose ste e.or at least.10 o t, | east
one exposed al Lf‘l%??ﬁfﬂ] b\“?g %ﬁg F capt ONE FXRfed %@PQS%SSWC{UE%IﬁB@?ed
structure remaigh soR) Mo thé&her/c\m tHeik RASFRHE Bk R sSEhEAAMRRke SlaY Ias
structure, conprising: a sem conductor substrate conprising at |east one

exposedOal unmi numesf theat leass ooe emoseédgmmumton@lr@aqﬁdhedt leasppresr exposedct ur e
having a first nickel |aye Iat ﬁ§1ereon and at | east one exposed
tungsten st ructGPEIR ?tﬁé et ckel 1 ayer plated thereon, wherein at
| east one of the first ni ckel Iayer and the second nickel layer is forned by
formul ating a nickel plating chem stry selective for alum num copper, or
tungsten. 20 2120 TheAn ntegmeedlcaemigadudarituct sirudee) oapsisingct ure of claim 19

o L e B S 1SR RRE T T, L,

bond pag or at dn@%ﬁﬁos@@@o@épmﬂn@megaﬁ}@mekd@wer a§eaa1eré6ﬂ%nuai Rigredi at e
sem conductor device structure of claim19 or claim?20, wherein the at

| east one exposwd expm:g@ tusgsten stousture bavdaghpsacembniglel layasplaied ghevica, Wwhereing an

d | f.t t in. Th di.a duct
dovi ce st ruct urb gt s af e it Byt apd e <SP gL kR pR e havi ng t he
exposed | ayer %nﬁﬁlﬁtﬂfgt@lﬂcﬁdl‘ Blagiib EREntlstEPIERCt S for Bluminum, copper, or tungsten.

20 21. The intermediate semiconductor device structure of claim 19 or claim 20,
wherein the at least one exposed aluminum structure or the at least one exposed copper
structure comprises at least one exposed aluminum bond pad or at least one exposed copper
bond pad.

25 22. The intermediate semiconductor device structure of claim 19 or claim 20,
wherein the at least one exposed tungsten structure comprises at least one via having an

exposed layer of tungsten therewithin.
23. The intermediate semiconductor device structure of claim 22, wherein the

30  atleast one via having the exposed layer of tungsten therewithin comprises a

through-wafer-interconnect.
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t hrough-waf er-interconnect. 21 24. The internedi ate sem conductor device
structure of claim?22, wherein the at |east one via having the exposed

| ayer of tungsten therewithin conprises a blind-wafer-interconnect. 5 25.
The internedi ate sem conduct or device structure of claim 20, wherein the
ni ckel plating chemstry selective for alum num or copper conprises an

al um num acti gat or The ieBofiké saticordicer davide atuctlre of chire 22, whedel thel at i ng
solution. 26. The jinternedi ate sem conductor_ device structure of claim 25,
wher ei n t Releast onevigheringthecaxposed dayene! LgStdpaRWIBIRCOMRIIERS aconpr i ses an
aqueous ZiNERLA RS YhidlcbQiket COMPri sing zi nc oxide and sodi um hydroxide. 27.
The i nternmedi ate sem conductor device structure of claim 20, wherein the
ni ckel plating chem stry selective for tungsten conprises a tungsten
activator and an 15 el ectrol ess nickel plating solutian, .

28. The .
i nter medi ate séf corld§értermasiale samisprdpctaidevies sEpcrm s slagp 20y ahgﬁew,he
wher ei n t?&ck@i ;?ﬁ%ﬁgoéh%ﬁﬁstw @féac!tiv !f(ﬂta'l\gﬁinﬁﬁxl giosékdfégg@gséseﬁl zﬂléxfﬂnc | salt

sel ected from group -“consi s?| ng nic nic oride,

ni ckel sulattivagor oriaciopperiactivatoeandincdteitroRBs hickelrpddrorgasobytioni ckel sul f onat e,

ni ckel sul famate, and nickel al kyl sulfonate and a reducing agent selected
fromthe group consisting of sodi um hypophosphite, dinethylam ne borane,

sodi um bor ohydrjde, gijgga 1 ] i . j at e
sem conduct or ggVicg%gﬁyuc u%@y%: éﬁgpﬁgé ,ﬂﬁﬁgggwﬁ%?ﬁgﬂﬁ2&’?%%%@?%%
acti valor ab@iipiih aetivaiot o (ieaopperaotlivitdredmpfisadah lagabiousvintdty solatitm 22

comprising zinc oxide and sodium hydroxide.

27. The intermediate semiconductor device structure of claim 20, wherein the
nickel plating chemistry selective for tungsten comprises a tungsten activator and an

15 electroless nickel plating solution.

28. The intermediate semiconductor device structure of claim 25 or claim 27,
wherein the electroless nickel plating solution comprises a nickel salt selected from the
group consisting of nickel sulfate, nickel chloride, nickel sulfite, nickel bromide, nickel

20 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.

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

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