| NTEGRATED CI RCUI T PACKAGES, METHODS OF FORM NG | NTEGRATED Cl RCUI T
PACKAGES, AND METHODS OF ASSEMBLI NG | NTEGRATED Cl RCUI T PACKAGES TECHNI CAL
FI ELD [ 0001] Integrated circuit packages, nethods of form ng integrated
circuit packages, and nethods of assenbling integrated circuit packages.
BACKGROUND [0002] Integrated circuit packages may be forned as flip chip
assenblies. Specifically, a sem conductor die nmay be bonded face-down
("flipped") onto an interposer. An exanple prior art process for formng a

flip chip i i ' t '
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i nt er poser RACKAGESR ANIhMETHODS OFASSEMBLIIGHINIRGRATER CHIRCUITOPACKAGESes a
base 14 supporting a plurality of bond pad regions 16. The base 14 may
conprise a sem conductor material (for instance, nonocrystalline silicon)

supporti ng BHyHUICAWMNELBUs i ntegrated circuit components, including, for
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etc.. The various co nents a t 'shown in ordér to sinpli draw ng.
[ 0005] Bondmptgds ebassamblie iplagrated cieduédeekaggB. connection from i nt egr at ed
circuit conmponents associated with base 14 to circuitry external of the
base. The bond pad regions nmay conprise, consist essentially of, or consist
of al um nunPREKEBEBAYD The bond pad regions are shown to have outer

surfaces 17 ogq eliﬁsgrrbie@adircbmbga@?émap bEPIrRet Ak filkBcHiS assehiBs. bongdadaliyo
such outer surfaces. The electrical interconnect material nmay coqgrlse,
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bonded to thwrbantocdsatorieeiitna fliphig@seBlyds B6R3ibed with FdelabsirdFiye 1tane bond
pad regions, [0006] The bond pad regions 16 may be distributed in numerous

orientations across a surface of die 10. For exanpl e, the bond pad regions
maybe so- calibens]i niFey. 1bmods pagmiceguaosdialiongtage-dowh nakntpts, iaad spdws &re di e
surface, may, be so-calle uter bond pad regions along non-central portions
of the die' W?%@é@ﬁﬁn%ﬁ%ﬁﬁ@éﬁ%d to the inner bond pad regions

[0004] The semiconductor die 10 comprises a base 14 supporting a plurality of bond

pad regions 16. The base 14 may comprise a semiconductor material (for instance,
monocrystalline silicon) supporting any of numerous integrated circuit components,
including, for example, memory components, logic components, sensor components,
wiring, etc.. The various components are not shown in order to simplity the drawing.

[0005] Bond pad regions 16 provide electrical connection from integrated circuit
components associated with base 14 to circuitry external of the base. The bond pad
regions may comprise, consist essentially of, or consist of aluminum or copper. The bond
pad regions are shown to have outer surfaces 17, and electrical interconnect material 18 is
shown bonded to such outer surfaces. The elecirical interconnect material may comprise,
consist essentially of, or consist of gold, and may be bails (as shown) bonded to the hond
pad regions, or may be pieces of wire bonded to the bond pad regions.

[0006] The bond pad regions 16 may be distributed in numerous orientations across a
surface of die 10. For example, the bond pad regions may be so-called inner bond pad
regions along a central portion of the die surface, may be so-called outer bond pad regions
along non-central portions of the die surface and connected to the inner bond pad regions
by redistribution layers, or maybe a combination of inner bond pad regions and outer bond
pad regions.

[0007] Interposer 12 comprises a board 20 and electrical interconnects 22 supported

on an upper surface of the board. The interposer also comprises electrical interconnects 24
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by redistribution |ayers, or nmaybe a conbinati on of inner bond pad regions
and outer bond pad regions. [0007] Interposer 12 conprises a board 20 and
el ectrical interconnects 22 supported on an upper surface of the board. The
i nt erposer also conprises electrical interconnects 24 1 supported on a

| ower surface of the board. Various wiring (not shown) may extend through
the board to connect various electrical interconnects 22 with various
electrical interconnects 24. The electrical interconnects 22 are ultimtely
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sol der. [0009] shows the interposer 12 bonded to the séem conductor

die 10. Thé"m%tmdl ng may conpri se gol d-to-gold bondi ng between

gol d- cont ai pjoogy i nE@Eﬁ@QIﬂ@t@Fc}%nR&t@@maQQbﬂpﬁéﬁ‘b@hﬂt'égsérﬂlfaw 60BN &SHsBt d8. The
gol d-to-gol d bonding is acco | i shed 6(H.)‘g%rpresm n i nterconnects 18 and 22

t oget her wiidi% Ei%]‘%”éi"lt?fﬁo’i‘ Sl%‘f‘t'@f% iseany suilge legiirdlyerafvgive and

ther mal eneng¥rids or scvhbiggtionb ef mas@Ris CakPmey, 16 exafple eafaf;ﬁé,d maPalssupdny i ded
in a gap 2etween die %0 and interposer 12. The underfi may conprise a
filmor pad?'dondig 80"k or exanpl e, conprise non-conductive paste (NCP),

ani sot r opi c[opgBpUCFigve spmé the (rAGIBbser 1@bonded @pthe semidndidtoredid n 0.NTHACF) or
organi ¢ sol derabilit reser
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e obr o e raagpestle Bhe 2 Tk AF L% R A e BB RS et o
bondi ng nayanddbereal emametsorrgaued trmtrhwond:dfoadmg) i An Um@rﬂﬁmﬁmspmdmi@gn argmp Yet
anot her pr %Itv%gntcngq 0 ARy irﬁ&%b’egeri@. The underfill may comprise a film or paste, and may, for
example, comprise non-conductive paste (NCP), anisotropic conductive paste (ACP),
anisotropic conductive film (ACF) or organic solderability preservative (OSP).
[0010] A problem that can occur is that the bonding between interconnects 18 and 22
may subject bond pad regions 16 to sufficient pressure to cause cracking 32 (oniy some of
which is labeled in Fig. 2) or other defects within the bond pad regions. Another problem
that may occur is that the thermosonic energy of the thermosonic bonding may cause
cratering or other defects in the bond pad regicns. Yet another problem that may occur is
that the bonding of interconnects 18 to the bond pad regions 16 to form the semiconductor
die construction of Fig. 1 may induce defects within regions 16.
[0011] It is desired to develop new metheds for assembling integrated circuit packages
which avoid some or all of the above-described problems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a view of a semiconductor die and interposer at a stage of a prior art
process for assembling an integrated circuit package.

[0013] Fig. 2 is a view of the semiconductor die and interposer of Fig. 1 shown ata
prior art processing stage subsequent to that of Fig. 1.



that the bonding of interconnects 18 to the bond pad regions 16 to formthe
sem conductor die construction of Fig. 1 may induce defects within regions
16. [0011] It is desired to devel op new net hods for assenbling integrated
circuit packages which avoid sone or all of the above-described probl ens.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] Fig. 1 is a view of a sem conductor
die and interposer at a stage of a prior art process for assenbling an
integrated circuit package, [0013] Fig. 2 is a view of the sem conductor die
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package conprising the sem conductor die of Fi and an interposer.
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across bondmmrdsnd® protect the pads during subsequent thernobsonic bonding.
Such materials may prevent, or at |east substantially reduce, one or nore
of the problens di scussed above in the "Background"” section of this
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17. l n Sonecwcuut package is described with reference to Figs. 3-11.

[0018]  Referring initially to Fig. 3, such illustrates a semiconductor die 50 comprising
the base 14 and bond pad regions 16 discussed above with reference to the prior art
semiconductor die 10 of Fig. 1. The base may, as discussed above regarding Fig. 1,
comprise integrated circuitry containing memory, logic, sensors, efc..

[0019] The bond pad regions 16 are shown to have outermost surfaces 17. In some
embodiments, the bond pad regions may comprise, consist essentially of, or consist of
aluminum or copper; and accordingly the outermost surfaces may comprise, consist
essentially of, or consist of aluminum or copper. If the bond pad regions contain aluminum,
a thin oxide of aluminum (not shown) may extend across the uppermost surfaces 17 at the
processing stage of Fig. 3.

[0020] Referring to Fig. 4, zinc-containing layers 52 are formed over bond pad regions
16. The zinc-containing layers may be formed by first cleaning the bond pad regions with
acid {for example, one or both of sulfuric acid and hydrofluoric acid) and/or base (for
example, sodium hydroxide). Such cleaning forms a fresh surface for deposition of zinc,
and may remove oxide. Subsequently, the surface may be exposed to zincate (in other
words, to a zinc-containing solution, which may be, for example, cyanide-based, acid-based
or alkaline-based) to deposit thin layers of zinc (which may be monolayers) across the
surfaces of the bond pad regions. In some embodiments, the layers of zinc initially formed
across the bond pad region surfaces may have relatively large grain sizes, and may be

utilized as sacrificial layers to prepare the surfaces for subsequent deposition of zinc-
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enbodi nents, the bond pad regions nmay conprise, consist essentially of, or
consi st of alum num or copper; and accordingly the outernost surfaces nmay
conprise, consist essentially of, or consist of alum numor copper. If the
bond pad regions contain alumnum a thin oxide of alum num (not shown) nay
extend across the uppernost surfaces 17 at the processing stage of Fig. 3.
[ 0020] Referring to Fig. 4, zinc-containing |ayers 52 are fornmed over bond
pad regions 16. The zinc-containing |ayers nmay be formed by first cleaning
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[0022] Referring next to Fig. 7, metal-containing layers 56 are formed over and directly

against the adhesion layers 54. The metal-containing layers may comprise one or more of
Co, Cr, Ni, Pt, Ta, Ti, V and W; and may be doped with one or both of boron and
phosphorous. For instance, layers 56 may comprise nickel deposited utilizing electroless
deposition methodology. |n some embodiments, layers 56 may consist essentially of, or
consist of such nicke!; and in other embodiments layers 56 may consist essentially of, or
consist of such nickel doped with phosphorous (the phosphorus may be present at a
concentration of from about 7 atomic percent to about 11 atomic percent).

[0023} Referring 1o Fig. 8, electrically conductive layers 58 are formed over and directly
against electrically conductive layers 56, and balls 18 are formed directly against the
conductive layers 58. The electrically conductive layers 58 may, for example, comprise,
consist essentially of, or consist of one or more of Ag, Au, Cu and Pd. Such materials may
be formed by immersion methodologies, and may be doped with phosphorous or boron.,
For instance, the layers 58 may comprise Pd doped with phosphorous to a phosphorous
concentration of from about 7 atomic percent to about 11 atomic percent. In particular
embodiments, layers 56 may comprise, consist essentially of, or consist of nicke! or nickel

doped with phosphorus; and layers 58 may comprise, consist essentially of, or consist of



pal | adi um cont ai ni ng adhesi on | ayers may be utilized when the bond pad

regi ons conprise copper. In other enbodi nents, the bond pad regi ons nay
conprise materials other than copper or alum num and the adhesion |ayers
may conprises materials other than, or in addition to, one or both of zinc
and palladium [0022] Referring next to Fig. 7, netal-containing |ayers 56
are fornmed over and directly against the adhesion |ayers 54. The
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[0026] Since conductive Iayers 58 are outward of conductive layers 56 relative to bond

pad regions 16; the layers 56 may be referred to as inner conductive layers, and the layers
58 as outer conductive layers, in some embodiments.

[0027] The layers 58 are shown to comptrise outermost surfaces 59. Balls 18 are
bonded to the outermost surfaces 59 of layers 58. The bonding of the balls to layers 58
may be accomplished with any suitable methodology, such as, for example, thermosonic
bonding. Balls 18 may comprise, consist essentially of, or consist of copper or gold; and in
some embodiments the cutermost surfaces 59 may comprise, consist essentially of, or
consist of copper or gold.

[0028] Referring to Fig. 9, deformable material 60 is formed across base 14, across
balis 18, and across surfaces 59 of layers 58. Deformable material 60 is ultimately utilized
as an underfill material of a flip chip construction comprising semiconductor die 50, and
may, for example, comprise one or more of a non-conductive film, non-conductive paste,
anisotropically conductive film (so-called z-axis film), anisotropically conductive paste (so-
cailed z-axis paste), and organic solderability preservative (OSP).

[0029] Referring to Fig. 10, semiconductor die 50 is inverted and provided proximate
another structure separate from the die, with such other structure corresponding to an

interposer 12 of the type described above with reference to prior art Figs. 1 and 2. The
5



balls will not conprise solder, and specifically will not conprise indiumor
tin. [0025] Layers 54, 56 and 58 formelectrically conductive stacks over
bond pad regions 16. The stacks extend across the entire upper surfaces of
t he bond pad regions, and may be considered protective electrically
conductive caps forned across the bond pad regions. Although such
electrically conductive caps are shown to conprise only the three |ayers 54,
56 and 58 in the enbodi nent of Figs 3-8, in other enbodi nents one or nore
addi ti onal S ducti ve
Tayer 56, AP a2 Sl FRE S o
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as inner copeidores | ayers, and the layers 58 as outer conductive |ayers,

in some enbodi nents. [0027] The | ayers 58 are shown to conprise outernost
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m
i nt er poser gz of the type described above with reference to prior art Figs.
1 and 2. Thp032] Referringto Fig. 11, surfaces 23 of interposer 12 are pressed through

deformable material 60 to directly contact balls 18. Once surfaces 23 and balls 18 are in
contact, interconnects 22 may be bonded to the balls utilizing vibrational and/or thermal
energy. The vibrational energy may be provided to comprise a frequency of at least about
one kilohertz, and the thermal energy may correspond to a temperature of at least about
room temperature. In some embodiments, the bonding may comprise thermosonic bonding
at a temperature of from about room temperature (about 22°C) to about 300°C (for
example, from about room temperature to about 200°C); and with a vibrational energy
having a frequency of from about one kilohertz to about 240 kiloheriz (for example, a
frequency of from about 40 kilohertz to about 100 kilohertz, such as a frequency of about 60
kilohertz); and for a time of {ess than about five seconds (for example, for a time of about
three seconds). In embodiments in which balls 18 initially contact surfaces 23 of
projections 22 (in other words, contact surfaces 23 at the processing stage of Fig. 10
instead of contacting surfaces 59 of layers 58), the bonding may be accomplished with the
same combination of vibrational and/or thermal energy discussed above, but will bond the
balls to surfaces 59. In other embodiments, balls 18 may be omitted, and the vibrational
and/or thermal energy may be utilized to directly bond surfaces 23 of projections 22 to
surfaces 59 of layers 58.



5 interposer conprises the base 20 and interconnects 22 and 24 descri bed
above. The interconnects 22 may conprise, consist essentially of, or
consi st of copper, silver, palladium or gold; and conprise outer conductive
surfaces 23. The interconnects 22 nay be considered to correspond to

el ectrically conductive projections or bunps in some enbodi nents. [0030]

Al t hough die 50 is shown inverted in the enbodi nent of Fig. 10, in other
enbodi ments die 50 may renmain in the orientation of Fig. 9 and interposer 12
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provi ded atcompPking afeSididus ERGRURY RRE HYBRldsSriteiRjibod with FefertPce tdEI§d 1311,
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embodi ment PUt RRMPEAING2 AAY PR IdeRtfiad Retwrandesiriage oha bART @ ARSapriign of pluface
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enbodi nment bondi ng..may _conpri-se..ther mosoni ¢, bondi ng . a,t er.at ur e
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described in l[anguage more or less specific as to structural and methodical features. Itis to

be understood, however, that the claims are not limited to the specific features shown and

described, since the means herein disclosed comprise example embodiments. The claims

are thus to be afforded full scope as literally worded, and to be appropriately interpreted in

accordance with the doctrine of equivalents.



three seconds). In enbodinments in which balls 18 initially contact surfaces
23 of projections 22 (in other words, contact surfaces 23 at the processing
stage of Fig. 10 instead of contacting surfaces 59 of |layers 58), the
bondi ng may be acconplished with the same conbination of vibrational and/or
t hermal energy di scussed above, but will bond the balls to surfaces 59. In
ot her enbodi nents, balls 18 may be omtted, and the vibrational and/or
thermal energy may be utilized to directly bond surfaces 23 of projections
22 to surfacescggﬂﬁé | ayers 58. 6 [0033] Fig. 11 shows surface 23 of

i nterconnect 22 Weing planar, surface 59 of outer conductive |ayer 58 also
bei ng pl anar, and baWM@tmﬂmbelng bonded to the planar surfaces. Such Ieaves

dhoen Tn E g, Do aeREPpt iy b sREPARE b NDAA EoPHISALES 2P
circuit package 100 m@mbm 9isﬁg\’iqohéudmrdie)@mnmsmdnt&l@éectmwuttraytéesiledes_cr| bed
above with e ﬁélﬁ&%%cgﬁg@l (flfﬁfg@i ﬁyondBH& refgfihR el ﬁ'e'i& rﬁ:a%&gé@@t\)e Eb\fféred

bet ween a surface or 130m G sur T ace
conduct i ve anapdiretsgf the Rosdped eglsvdi nents, it can be advant ageous to utilize

t- axis conductive ’T%tr@\ﬁéuﬁ%amr@ér @e@rmab.ﬁ e@@ﬂrléélfyrc%%l?&lua3brcﬁéH?|gH§ta'nMe filmor
paste) within under o) tﬁat t he materl al” 60 conpressed between the

surfaces of the bal | beRdingieplectteatly Genqustive pipisetions tqithene!acteally sondustivemes

conductive @p® umlztﬁg@.@éilcﬁqa@én&gyrﬁa\ﬁﬁfa fBqudnBy oPAtNE4st WBEHDne &liGHza2 shown
axis 110 extending within the gap between surface 59 and the ball). The

conductivity of material 60 within the gap may then provide inproved

el ectrical connecti omebR&NEE B @ﬂﬁdﬂﬁhér\ém th@m{dn@c@ﬁ&m@t erconnect 22
relative to that which uld occ of conductivity of

senc
o tori o 60, tans 0l NG GlegBRS conustle SRR bepseRTOHEC IS ol anar
surfaces 2?coﬁﬁh§l':h59prc@édnoh@am{HeSelédBnca[l)Q&ﬁ\@]Jctl\d@ capspl i ance with the statute,

the subject matter di sed her e a nore or
| oos Speci i e as to SHPROTSI AR Ser R R A S e i e gy R

under st ood,cohdmiveprqédnahs tdme clains are not limted to the specific
features shown and scribed ne C d,copprise
exanpl e enmbodi nent s. (ﬁ'ﬁgﬂ ctf é‘dw&%h%rege%” QCPB@%C '%?&%‘3‘&’88? !h eec"bcﬁgip

literally wondediveaapgk.t 0 be appropriately interpreted in

3. The method of claim 2 wherein the electrically conductive structures

comprise copper or gold.

4, The method of claim 1 wherein the bonding comprises:
providing gold-containing material between the electrically conductive
projections and the electrically conductive caps,
directly bonding the gold-containing material to the electrically conductive
projections; and
directly bonding the gold-containing material to the electrically conductive

caps.



accordance wth the doctrine of equivalents. 7 CLAIMS |/we claim 1. A

nmet hod of assenbling an integrated circuit package, conprising: providing a
sem conductor die conprising integrated circuitry, the die conprising

el ectrically conductive bond pad regions and electrically conductive caps
over an entirety of the bond pad regions; providing an interposer having
electrically conductive projections; and bonding the electrically
conductive projections to the electrically conductive caps utilizing

vi br ati onal energy haf“’Her}get"F’\oIi o?ﬁ&ﬂﬂ?%&@%ln&\ elogﬁ(lié g&ggﬁ selne kil ohertz. 2.

The met hod of claim 1 wherein oviding electrically
conductive structur e@fb‘édmgﬁldtqwtaé'l"@ﬂ:ba”ﬁ@QIWGPH oo Akaicalyecoprujtivet i ons and

the electri &%Jel:b(or%%@qﬁé bl\éﬁmﬁé\ Sondidie& ks, bondi ng the electrically

conductive structures ectricall conductive projections; and
directly bonding the @‘Ieéﬁk PORElNg Tiﬁeﬁélﬁcﬁ%é'w kalls @ theralectiieally Rendsictiva r i cal | y
conductive GaRStion: ard'e met hod of cl ai m 2 V\/nerel n the electrically
conductive structures conprise copper gold. 4. The nethod of claim1l
wher ei n the bondi ng c#sHY %@@rnqothexgp@rq&?@fagmgjbaﬂéﬁ@ Hiergleqiricaly spndictivietapsen
the electrically conductive projections and the electrically conductive

caps; directly bonding the gold-containing material to the electrically
conductive proj®@cti olf® ™mghadaf flaier b jrbsheRmRyisingdogung delorak!a Maderishesr i al

to the el ec#\é'd‘e%kr|c§éll3ﬂéﬁ?f@kl§twe\&ps #A®o ik bonding of the electricaily conductive projections
to the electrically conductive caps, wherein the gold-containing balls are bonded to the
electrically conductive caps prior to the bonding of the gold-containing balls to the
electrically conductive projections, and wherein the electrically conductive projections are
pressed through the deformable material to directly contact the balls prior to the bonding of

the electrically conductive projections to the gold-containing balls.

7. The method of claim 6 wherein the deformable material comprises a non-

conductive film.

8. The method of claim 6 wherein the deformable material comprises a non-

conductive paste.

9. The method of claim 6 wherein the deformable material comprises an

anisotropically conductive film.

10.  The method of claim 6 wherein the deformable material comprises an

anisotropically conductive paste.

11. The method of claim 6 wherein the deformable material comprises an

organic solderability preservative.

12. The method of claim 1 wherein the electrically conductive bond pad regions
comprise one or both of Al and Cu; and wherein the electrically conductive caps include
one or more of Ag, Au, Co, Cr, Cu, Ni, Pd, Pt, Ta, Ti, V and W.



5. The nmethod of claim1l wherein the bonding conprises: providing

gol d-contai ning balls between the electrically conductive projections and
the electrically conductive caps; directly bonding the gold-containing balls
to the electrically conductive projections; and directly bonding the
gold-containing balls to the electrically conductive caps. 6. The nethod of
claim5 further conprising form ng defornmable naterial over the
electrically conductive caps prior to the bonding of the electrically

conductive proj egiong,e ﬁw@thb@%f ShREY Wheadd t)ﬁe%%ﬂléﬁﬁ;} YShdGaRS botl Ba& HYiddie

gol d-containing balls are bonded to the electrically conductive caps prior
to the bondfIRPIse Alumenys) aNCHRRraniia gloptraly codyqiie cardpeiiieappsprddm@ict i ve

pr oj ect i onsgyerAGirdMESeR itie firdElahrRGhiprisAl nckeIAMd s &@nB&jeP 6brhrivh
pressed through the ‘def or mabl gérrat ep'rl aF to directly con%act t he éﬁfl S prior

to the bonding of the electrically conductive projections to the

gol d-cont ai ni ng fal | sp methoth& 2884rhARIkgGin |ﬁtbgﬂamd6cm|eb§¢wagé ft%nqﬁ‘sm@mbl e

mat eri al conprises a non- conductive fil he net ho claim6 wherein
t he def or mabl e mat er|%{PV‘Q'BHﬁrﬁ%%OnQUﬁ‘Bhd‘e(E‘GWBQJEF‘?QI@BB%%W 85s0¢jEdnet hod of

cl ai m 6 whesheidithhhe drf @i draineddn@l:ormmw [5) paa re@ﬂrh§£ﬁcf Spdthadily Y
conducti ve fi I m . 10. The NF?EOd of cla defor Ie materl al

conprises aff" Hﬁti‘@d’PP%BY‘%fé O%ﬁ‘ﬂﬂfc?ﬂl"\?% tB%V\@B"‘C?'[} t’HﬁPﬁ?ﬁj 9 AP th 6

wherein t hetod%ﬁﬁacfﬁadiﬂtl@e ﬁéta@dl.@lum@mrle&emﬁanﬂemhgmidh orlztmllﬂemllmlhb ot Yhe at
preservative, erein the ectrica uctlve
bond pad r ogranee e ERBRENE e aRinoal e e & Rt quranash e
el ectrically conduct imevidaganiimeipoder having etectivailyecafdubiiye phojectdms a€socigley N,
Pd, Pt, Ta,th'g ng and W 9 13. The nethod of claim1 wherein the
electrlcally co uctive bond pad regions

utilizing vibrational energy having a frequency of at least about one kilohertz

to bond balls directly to the electrically conductive projections; and
utilizing vibrationa! energy having a frequency of at least about one kilchertz
to bond the balls 1o the electrically conductive caps.

15. The method of claim 14 wherein the balls comprise copper.

16. The method of claim 14 wherein the bails comprise gold.

17. The method of claim 16 wherein the bonding of the gold-containing balls to
the electrically conductive projections occurs before the bonding of the gold-containing balls
to the electrically conductive caps.

18. The method of claim 16 wherein the bonding of the gold-containing balls to

the electrically conductive projections occurs after the bonding of the gold-containing bails
to the electrically conductive caps.
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conprise alum num and wherein the electrically conductive caps include a
second | ayer over a first layer; the first |ayer conprising nickel and the
second | ayer conprising gold. 14. A nethod of assenbling an integrated
circuit package, conprising: providing a sem conductor die having
integrated circuitry associated therewith, the die conprising electrically
conductive bond pad regions and electrically conductive caps over the bond
pad regions, the electrically conductive caps being along a top surface of
the die and InClHﬁlngTﬁgnﬂ#h §lof L4Ph ﬁhﬁgﬁ%%mg@mguctive | ayers, one of the
at least two different con uctlve ayers bein n inner |ayer and the other
bei ng an outer | ayer ;afigr 8ondingef tha QPHtt@H%@s‘b(Fe aliically eongeetive €aps. JoreditRuct i ve
proj ections o @l éﬁgﬁ_ a
frequency Jgﬁgﬁﬁﬁgggﬁﬂgggﬁfﬁgﬁgi rﬁ%ﬁgr¥§(ﬂ%%%%gﬁﬁhta Iscﬁﬂég@ f%mi%ﬂ?he
electrlcalIVe@UﬁﬂM§9mﬁ@“b@6?@%ﬁF%ns and utilizing vibrational energy having
a frequency of at |eashbsahoite éPéb?ncléllyl &ﬂ%h&t&/e ﬁr&e&%ﬂgtﬁnggrpﬁle'u‘ﬁdérﬂllH‘e

el ectricall conductlve caps. clarm 14" wherein the bal
conpri se co%ﬁéﬂy confapt th%o'%ﬁiﬂmrl%fo mrﬁmtma elgriicalivrrondectiygiPryedighpio the

gold. 17. Qﬂda@mggmgqguglaln1l6 wherein the bonding of the gol d-contai ning
balls to e electrically conductive projections occurs before the bonding
of the gold-containing balls to the electrically conductive caps. 18. The

met hod of clai m&gp V\/ﬂﬁ’feérin@trfobeafbl@iﬁdh@@rh@%mtthéuﬁ@érﬁl’r @@ﬁﬁr@eeioﬁlobmlotesmto t he
electricall%?condu ?lve ﬁhthgctlons occur s, af hgr t he bon

1
gol - cont ai HHHCYENE & R @ o Sab Bl Gotor CoaseYa §hsie " The

met hod of claim 18 further conprising: after bondlng of the gold balls to

the electrically,condyctiv rfill across the
Lop surface of iHb. o Hemigt2f S P BhaRERe sk eaRlSlvhsonaPat ik Ty
conducti ve capsiseand opbethsifdabdEupdretwhdreialohy oconducitthy at lpasttec tiffereht
through t hecéjnrc]i(a l;vfelltjslyeré 8 the electrically conductive caps include one or more of Ag, Au, B, Co,

Cr, Ni, P, Pd, Pt, Ta, Ti, Vand W.

22.  The method of claim 14 wherein the electrically conductive bond pad regions

comprise aluminum,.

23. The method of claim 22 wherein the inner layer comprises nickel and the

outer layer comprises gold.
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directly contact the gold balls prior to bonding the electrically conductive
projections to the gold-containing balls. 20. The nmethod of claim 19
wherein the underfill conprises one or nore of conductive film conductive
paste, non-conductive film and non-conductive paste. 21. The nmethod of claim
14 wherein the electrically conductive bond pad regions conprise one or
both of Al and Cu; and wherein one or nore of the at least two different
conductive layers of the electrically conductive caps include one or nore of

Ag, Au, B, Co, T hod of claim
14 V\/ner ein the e ect %caeﬁioféggﬁﬁjc%?@ge Pa“?PVC'%QqPé\é'?%% ce corrp I'se al um num
23. The nmethod of cl dPripg adpesias] layarnevermess paamor@mfpraeg@@ndu@tlaé@eand t he
outer |ayer conprisesofhgoistiodf coalliilfthepla gé@rﬁnﬁg%@héaaﬁay%emeC'rcu't

package, conprising: formng adhesion |ayers over i ons

seni conduct@ectrgady condsictive Hnal layars FempligngenaRIcreres! Bnﬁer Cr, &yec? Ltoleedi the
adhesi on | aygyw: the el ectrl cal I y conductl ve inner |ayers conprising one or
more of B, Co, O, N and W formng electrically
conductive outer | ayefpgnlagéfectfﬁ@ﬂ&i QWQPC*WQW% laygisrQvet Ihg? ipHIBetS ng t he

el ectrically conducti@cByt&iadtRY HicSel¥btlidhlIfbosductieRbbtdr 1agRB A6 lattically
structures; d| rectly contacting the electrically conductive structures with

el ectri cal |<§pn dueivE FEHPWEPSS ur f aces of a piece separate fromthe die; and

utilizing vibrational digrey eontaétiy tiee éséﬁmm@yncﬁfcwa sthRAsbs Al dlecribaly
kil ohertz to bonpd t eel ctrlcallgag%ﬁ E% eouter | ayers to the
el ectri cal | SPROYRYGSLITOEPS A RIS 02T vibrational energy with a

f reguency of at | eastuttibiagtvibeatenkii elrteh;i?rvmm ettgeqmwOftmeeﬁh apdut ioﬁakiigherr]tz 1o
ti tri ti t t . 25, T
conductt e SURd S5 Bl ST LM PSRN A R B

utilizing vibrational energy with a frequency of at [east about one kilohertz to

bond the electrically conductive surfaces to the electrically conductive structures.

25. The method of claim 24 wherein the electrically conductive structures are
balls.

26. The method of claim 25 wherein the ballis comprise copper.
27.  The method of claim 25 wherein the balls comprise gold.

28.  The method of claim 24 wherein the electrically conductive outer layers
comprise one or more of Ag, Au, Cu and Pd.

29. The method of claim 28 wherein the electrically conductive surfaces
comprise one or more of Ag, Au, Cu and Pd.

30.  The method of claim 28 wherein the adhesion layers are paliadium-
containing layers.

31.  The method of claim 28 wherein the adhesion layers are zinc-containing

layers.
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balls. 26. The nethod of claim25 wherein the balls conprise copper. 27.
The nmet hod of claim25 wherein the balls conprise gold. 28. The nethod of
claim 24 wherein the electrically conductive outer |ayers conprise one or
nore of Ag, Au, Cu and Pd. 29. The nethod of claim 28 wherein the

el ectrically conductive surfaces conprise one or nore of Ag, Au, Cu and Pd.
30. The nethod of claim28 wherein the adhesion |ayers are pall adium
containing layers. 31. The nethod of claim28 wherein the adhesion | ayers

are zinc-contai ngng Jrr?é’u%ﬁwd%?flgi?n afl Rﬁer%ttﬂQ%rﬂﬁng?éf%ﬁé@iﬁéc&\‘ﬂﬁi‘hﬁ@ﬁaﬁe?&e .

formng of the zinc-containing [ayers conprises: Tirst zincate dctivation
of surfacesC@fpPriskd bond pad regions to forma first zinc- containing

material; removal of §he,fddehctthits GL0HALLR P hd BRI adl regidRot8 TR dst Lingat e
activation of surfaces of the bond pad regions to forma~ second

zi nc- cont ai fRYniRAMAe@:. 33. The nethod of claim 31 wherein the bond pad

regions conprise al UMsRHVhOsf theRBPARo-cEHMINNG Bifd i tdh@ zi nc-containing |ayers
are formed directly against the al um num or cofgge of the bond pad regions.

. 0 v r N
34. A nethod of for ni$RFORA Zinriegeitadign of swizces pldbr hged PrROMSIANSIHEPM0r ni ng
Zi nc-cont ai gléd&,gd&ﬁl\)éQ;bﬁtaWﬁ‘{mQ@ﬂdL pad regions of a sem conductor die;
form ng nickel -containing layers over the zinc-containing |ayers; formng

gol d-contai ning | ayers over the nickel-containing |ayers; directly
contacting the gss.d- com aefliod®t blayes s whbielh B8 1b8ne pad AdginRGoRipFE&EREIMIM or

copper, and wherein the zinc-containing layers are formed directly against the aluminum or
copper of the bond pad regions.

34, A method of forming an integrated circuit package, comprising:

forming zinc-containing layers over bond pad regions of a semiconductor
die;

forming nickel-containing layers over the zinc-containing layers;

forming gold-containing layers over the nickel-containing layers;

directly contacting the gold-containing layers with gold-containing surfaces of
one or more pieces separate from the die; and

utilizing vibrational energy with a frequency of at least about one kilohertz to
bond the gold-containing layers to the gold-containing surfaces.

35. The method of claim 34 wherein the gold-containing surfaces are surfaces of
gold-containing balis.

36. The method of claim 35 funther comprising bonding the gold-containing balls
to gold-containing projections of an interposer.

37.  The method of claim 34 wherein the bond pad regions comprise aluminum or
copper, and wherein the zinc-containing layers are formed directly against the aluminum or
copper of the bond pad regions.

38.  The method of claim 34 wherein the frequency of the vibrational energy is

less than or equal to 240 kilohentz.
13



one or nore pieces separate fromthe die; and utilizing vibrational energy
with a frequency of at |east about one kilohertz to bond the

gol d-containing | ayers to the gol d-contai ning surfaces. 35. The method of
claim 34 wherein the gold-containing surfaces are surfaces of

gol d-containing balls. 36. The nethod of claim35 further conprising bonding
the gold-containing balls to gold-containing projections of an interposer.
37. The nethod of claim 34 wherein the bond pad regions conprise al um num or
copper, and wherein the zinc-containing |layers are forned directly agai nst
the al um num or copper of the bond pad regions. 38. The nethod of claim 34
wher ei n t he fredi#encyArointadiated cguiitiiackede, eprapripind:'s | ess than or equal to
240 kil ohertz. 13 39. il ! i En sGRERI T Sing: a

sem conductor die havE} %lgﬁﬁcgﬁgﬁgge?aﬁﬁeﬁ %Eﬁc;ngﬁ%?gg@?ng zi nt-cont ai ni ng | ayer
over and directly agéai rige-cetiainhgriayes auerrasngidiactlyagaingt the henddrddsegiorcal |y
conductive {pagL |ayer over and directly against the zinc- containing |ayer,
the inner layer ‘conprising one or nore of B, Co, Cr, Ni, P, Pt, Ta, Ti, V
and W an el ectri cal 13n eleetderllyicorduntiveinnprlgrar oyoeandticchy peaingtyhagad-nst t he
inner | ayeédnta@niﬂ&la?éﬁ%iﬁhé‘r’lé‘ﬁar%ﬁw‘ﬂﬁ&i#ﬂéj endlbr R6iel of BoeBdEH Niop thera, Ti, v
electrically conductive outer” |ayer; and an interposer having an

el ectrical 18"%¥hductive bunp material directly bonded to gol d-contai ning
structure. 40. The pagkageriedly@ondibidd oWaERGbvbNEn D@t 8G4ASIhEBNEL r uct ur e
is a ball. Iaf}éli': The package oty claim 39 wherein the bond pad region surface
consi sts of '

a gold-containing structure directly bonded to the electrically conductive
outer layer; and '

an interposer having an electrically conductive bump material directly
bonded to gold-containing structure.

40. The package of claim 39 wherein the gold-containing structure is a ball.

41, The package of claim 39 wherein the bond pad region surface consists of
aluminum,

42, The package of claim 39 wherein the bond pad region surface consists of
copper.

43. The package of claim 39 wherein the electrically conductive outer layer

comprises one or more of Ag, Au and Pd.

44, The package of claim 39 wherein the electrically conductive bump material
comprises one or more of Ag, Au, Cu and Pd.

45, The package of claim 39 wherein:

the electrically conductive outer layer consists of gold; and

the electrically conductive bump material consists of gotd.
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al um num 42. The package of claim 39 wherein the bond pad region surface
consists of copper. 43. The package of claim39 wherein the electrically
conductive outer |layer conprises one or nore of Ag, Au and Pd. 44. The
package of claim 39 wherein the electrically conductive bunp materi al
conprises one or nore of Ag, Au, Cu and Pd. 45. The package of claim 39
wherein: the electrically conductive outer |ayer consists of gold; and the
el ectrically conductive bunp material consists of gold. 14 46. The package
of claim 39 whergin: g, k@gcetéfdc%% Fg;l,l,l_ctlve outer layer consists of
gold; and the electri cal conduc |ve material consists of copper. 47.
The package of clai mtB@e\ﬁﬁé'ﬁé'IYrPOPﬁ@“é? euler jayel sopsistsrd geldi ged out er | ayer
conprises a surface; ibeksiidalyn@nd®ide SORb bRt cOAdiHE bidppePTPri ses a
surface that directly contact's a portion of the outer Iayer surface and
that | eaves a gap between another portion of the outer |ayer surface and

the surface of t4ye goprd: mraa@ ﬁlduirn%fgfv&rf&éirﬁ me A8ridaiy EORIuctiGOIRES 18)drd 2
Z-axi s conductive materi al r?resse ?Wg‘l bet ween the surface of the

gol d- cont ai99MHySes # éﬁﬁ%ﬁeewgﬁ@ the %Wr%@é‘”&‘ﬁ st ’%P%‘E‘PF?G@eﬁ *‘iﬁa&ﬁmﬁﬁét@@é

out er | ayergonidets a portion of the outer layer surface and that isaves a gap between ancther portion
of the outer layer surface and the surface of the gold-containing structure; and further
comprising a z-axis conductive material compressed in the gap between the surface of the

gold-containing structure and the surface of the electrically conductive outer layer.
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