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[0001] Integrated circuit packages, nethods of formng integrated circuit
packages, and net hods of assenbling integrated circuit packages. BACKGROUND
[0002] Integrated circuit packages may be forned as flip chip assenblies.
Specifically, a sem conductor die nay be bonded face-down ("flipped") onto
an interposer. An exanple prior art process for formng a flip chip assenbly
is described with reference to Figs. 1 and 2. [0003]Fig. 1 shows a

sem conductor die 10 in face-down orientation, and shows an interposer 12
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ACKAGES, AND METHODS OF ASSEMBLING INTEGRATED CIRCUIT PACKAGES

TECHNICAL FIELD

[0001] Integrated circuit packages, methods of forming integrated circuit packages, and
methods of assembling integrated circuit packages.

BACKGROUND

[0002] Integrated circuit packages may be formed as flip chip assemblies, Specifically,
a semiconductor die may be bonded face-down ("flipped”) onto an interposer. An example
prior art process for forming a flip chip assembly is described with reference to Figs. 1 and
2.

[0003] Fig. 1 shows a semiconductor die 10 in face-down orientation, and shows an
interposer 12 beneath the die.

[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) subporting 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 simplify 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 electrical interconnect material may comprise,
consist essentially of, or consist of gold, and may be bails (as shown} bonded to the bond
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 connectad 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 alsoc comprises electrical interconnects 24
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pad regions 16. The base 14 may conprise a sem conductor material (for

I nstance, nonocrystalline silicon) supporting any of nunerous integrated
circuit conponents, including, for exanple, nmenory conponents, |ogic
conponent s, sensor conponents, wiring, etc.. The various conponents are not
shown in order to sinplify the drawi ng. [0005] Bond pad regions 16 provide

el ectrical connection fromintegrated circuit conponents associated with
base 14 to circuitry external of the base. The bond pad regi ons nmay
conprise, consist essentially of, or consist of alum numor copper. The bond
pad regions are shown to have outer surfaces 17, and electrical interconnect
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between die 10 and interposer 12. 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 {only 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 regions. 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] Itis desired to devetlop new methods 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.



[ 00091Fi g. 2 shows the interposer 12 bonded to the sem conductor die 10. The
bondi ng may conprise gol d-to-gol d bondi ng bet ween gol d-cont ai ni ng

i nterconnects 22 and gol d-containing interconnects 18. The gol d-to-gold
bondi ng is acconplished by pressing interconnects 18 and 22 together while
subj ecting the interconnects to ultrasonic energy and thernmal energy
(so-call ed thernosonic bonding). An underfill 30 is provided in a gap

bet ween die 10 and interposer 12. The underfill may conprise a filmor

paste, and may, for exanple, conprise non-conductive paste (NCP),
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protect the pads during subsequent thermosonic bondlng Such matenals may prevent, or

at least substantially reducs, one or more of the problems discussed above in the

"Background" section of this disclosure. An example embodiment for forming an integrated

circuit 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, etc..

[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, [f 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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prior art processing stage subsequent to that of Fig. 1. [0014]Figs. 3-9
illustrates a process for preparing a sem conductor die for assenbly into an
integrated circuit package. [0015]Figs. 10 and 11 illustrate a process for
assenbling an integrated circuit package conprising the sem conductor die of
Figs. 3-9 and an interposer. [0016]Fig. 12 shows a portion of an integrated
circuit package conprising a bond between a bond pad region and an
i nt erconnect of an interposer in accordance with an enbodi ment. DETAI LED
DESCRI PTI ON OF THE | LLUSTRATED EMBCODI MENTS [0017] Sone enbodi nents i ncl ude
met hods of providing materials across bond pads to protect the pads during
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by another exposure of the bond pad region surfaces to zincate.

[0021] The zinc-containing layers 54 are formed directly against the conductive material
(for example, aluminum or copper) of the bond pad regions in the shown embodiment of
Fig. 6. Zinc-containing layers 54 may be considered examples of adhesion layers for
adhering subsequently-formed layers (for instancs, the layers 56 discussed below with
reference to Fig. 7) to the bond pad regions. The zinc-containing layers are examples of
adhesion layers, and other materials may be utilized for adhesion layers in other
embodiments. For instance, zinc-containing layers work well for aluminum-containing
surfaces, but may not work satisfactorily for copper-containing surfaces. Accordingly,
palladium-containing adhesion layers may be utilized when the bond pad regions comprise
copper. In other embodiments, the bond pad regions may comprise materials other than
copper or aluminum, and the adhesion layers may comprises materials other than, or in
addition to, one or both of zinc and palladium.

[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 comptise 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. In some embodiments, layers 56 may consist essentially of, or
consist of such nickel; and in other embodiments layers 56 may consist essentially of, or
consist of such nickel doped with phosphorous (the phosphorus may be present ata
concentration of from about 7 atomic percent to about 11 atomic percent).

[0023} Referring o 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 nickel or nickel
doped with phosphorus; and layers 58 may comprise, consist essentially of, or consist of



[0018] Referring initially to Fig, 3, such illustrates a sem conductor die 50
conprising the base 14 and bond pad regions 16 di scussed above with
reference to the prior art sem conductor die 10 of Fig. 1. The base nmay, as
di scussed above regarding Fig. 1, conprise integrated circuitry containing
menory, logic, sensors, etc.. [0019] The bond pad regions 16 are shown to
have outernost surfaces 17. In sone enbodi nents, the bond pad regi ons may
conprise, consist essentially of, or consist of alum num or copper; and
accordingly the outernost surfaces may conprise, consist essentially of, or
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some embodiments the outermost 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 80 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-
called 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
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[0022] Referring next to Fig. 7, netal-containing |ayers 56 are forned over
and directly against the adhesion |ayers 54. The netal -containing |ayers may
conprise one or nore of Co, GO, Ni, Pt, Ta, Ti, Vand W and may be doped

wi th one or both of boron and phosphorous. For instance, |ayers 56 may
conprise nickel deposited utilizing electrol ess deposition nethodol ogy. In
sone enbodi nents, |layers 56 may consi st essentially of, or consist of such
ni ckel ; and in other enbodinments |ayers 56 may consi st essentially of, or
consi st of such nickel doped wth phosphorous (the phosphorus may be present
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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 kilohertz (for example, a

frequency of from about 40 kilohertz to about 100 kiichertz, such as a frequency of about 60

kilohertz); and for a time of less 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.



| ayers may be inserted between adhesion |ayer 54 and conductive |ayer 56,
and/ or between conductive | ayer 56 and conductive | ayer 58. For instance,

t he conductive stacks may conprise Ni/PcVAu (with | ayers 56 and 58 being N
and Au, respectively, and the |l ayer of Pd being provided between them.

[ 0026] Si nce conductive |layers 58 are outward of conductive |ayers 56
relative to bond pad regions 16; the layers 56 may be referred to as inner
conductive layers, and the |ayers 58 as outer conductive |layers, in sone
enbodi ments. [0027] The | ayers 58 are shown to conprise out er nost surfaces
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1 and 2. Thepgy. The conductivity of materiat 60 within the gap may then provide improved electrical
connection between conductive layer 58 and interconnect 22 relative to that which would
occur in the absence of conductivity of material 60. Gaps similar to gap 52 are along all
locations where planar surfaces 23 and 59 join to balls 18.

[0034] In compliance with the stalute, the subject matter disclosed herein has been
described in [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.



I nt er poser conprises the base 20 and interconnects 22 and 24 descri bed
above. The interconnects 22 nay conprise, consist essentially of, or consist
of copper, silver, palladiumor gold; and conprise outer conductive surfaces
23. The interconnects 22 may be considered to correspond to electrically
conductive projections or bunps in sone enbodi nents, [0030] Al though die 50
is shown inverted in the enbodi nent of Fig. 10, in other enbodinents die 50
may remain in the orientation of Fig. 9 and interposer 12 may be inverted.

Al so, althoygdcuaitderfill 60 is shown formed across a surface of the die, in
ot her enbodi nents sonme or all of the underfill nmay be fornmed across surfaces
associated with interposer 12 at the processing stage of Fig. 10. For
instance, if material 60 conprises OSP, such may be provided across
out er nost s f.aces of jnterconnects 22.at the processing stage.of Fig. 10.
" yer ot hot et Safreelreu 4rR8Seiblivg A hatetit Bickiteaads, cfBihea o a
processi ng stage subsequent to that of Fig. 10. [0031] Al though balls 18 are
shown bonde®\Wding Ry semigandugips die Et@y'ﬂgn"‘gqgféiedeﬁ'ﬁi}ﬁﬁrh@ﬁ?@m?%é therevdtthay be
i nstead bonded to the interposer at the processing stage of Fig. 10.

[ 0032] Hee die comptisingiajectidallyscorfiductiee Bandpadmegiopssand efectiicallpcesdusdivehr ough
deformable material 60 to directly contact balls 18 Once surfaces 23 and
bal | s blparever the dygraic pad i regivns othee elestraligaondactiendaps theindraldmgl & stop
utilizing vibrational and/or thermal energy. The vibrational energy may be

provi degrhge GRS ke afd in@GYIRGCt 188statvo GiffeferfRBHEUANR lbRNREZf tABGtE he
thermal energy may correspond'to a tenperature of at |eaSt about room

t enper I i ad y. i i
bondi ndeat o dSBHECSTRS xR Lol SR alBla i HE RS BRFOBERUSE cpoue
300C (for example, from apout roomtenperature to about. 200 C); .,and with a
71 br at 1%L ter P ayical PRI e GRS ey MBrTTe AL OHEr SHEaReS BbHBE Ouleahout
240 kil ohertz (for exanple, a frequency of from about 40 kil ohertz to about
100 ki ll@¥@srtz, such as a frequency of about 60 kilohertz); and for a time of
| ess than about five seconds (for exanple, for a tinme of about three
seconds) . | previtiodi aeninterposerhhavingaélestrit8ily riondattive poojeetidnss as$aaiaed23 of
projections 22 (in other words, contact surfaces 23 at the processing stage

of Fi g.thd@withstheastopictieRnhadihg RBcond pRAGFoMBr 8lirfacaser s 58), the bonding may
be acconplished with the sane conbination of vibrational and/or thermnal

di  di id | t | t : :
oo ot < SOREREALE, iy "Ad nBOR fndithen QuBHEAS AP el
bond, surfaces 23 of jections, 22 to

energy may, be utilized.to directly r
our f ot OEyee e Plfiand viirh iy fang"ol, pBLRGTE TRofPaft BETire SR SMRec: 22
bei ng pl.apar, surface 59 of outer
kilohertz;
after bonding the balls to the first planar outer surfaces of the electrically
conductive caps, providing z-axis conductive material over the balls; the z-axis
conductive material having a substantially planar upper surface that extends across the
balls and that extends across regions of the semiconductor die between the balls; the z-
axis conductive material entirely surrounding exposed surfaces of the balls; the z-axis

conductive material being in a non-conductive form as the z-axis conductive material is

provided over and between the balls;



conductive |l ayer 58 al so being planar, and balls 18 being bonded to the

pl anar surfaces. Such | eaves gaps adjacent |ocations where the balls contact
t he planar surfaces, as shown in Fig. 12. Specifically, Fig. 12 shows a
portion of an integrated circuit package 100 conprising the various
structures and | ayers described above with reference to Figs. 3-11, but
conprising a gap 102 identified between a surface of a ball 18 and a portion
of surface 59 of outer conductive |ayer 58. In sone enbodi nents, it can be

advant ageougftep prdviding &thé- 28kis 66HHIEaTE (RateRbEdraksihd Qhe %JGE&iSms of the
ani sotropically conductive filmor paste) within underfill 60 so that the

mat er i < Su - e . and.. r uctive
| ayer E@te&}fb tsﬁf)%ggﬁ?g‘i%e’\é%?é?&g@h uﬁa?é\;r?é'\wglny% Rgﬁéol%o?goq'% Crog]géyon (in
ot her %ﬁrgsl,along a shown axis 110 extending within the gap between surface
59 and tth aghll). The conductivity of material 60 within the gap may then
provi de inproved el ectrjcal connection between conductive | ayer 58 and

i nt er connec@ftepthesprgjections Arerriessaf BHouglhithe suadis copdudivepatsriab the z-
conductivity of material 60. Gaps simlar to gap 52 are along all |ocations
wher e @ixisneendigtiveteatedal filliey §aps dietween loaivied regionsoof3thiel baltsoand it fiestwi t h
the statute, the subject matter disclosed herein has been described in

| anguagadrsecond pldnas sutpatifaces, amdtthe Stais tomidlctiae tnatetididstiegtomprisgeds. |t
is to be understood, however, that the clains are not limted to the

speci fijg sfaftﬁbHF§Sso'5 atnthaneladrsesndiReve ShateRial BecomasSeib&figaly gbrditized

conpri se exanpl e enbodi nents. The clains are thus to be afforded full scope
as literal ;i oJol [ J] preted in accordance with
t he doc 'ﬁ'anée pg?t]gi'ngg%{cgn&'?%@ﬂgﬁgf%ﬁ%%%fdag?ésggﬁﬂ met hod of assenbling an
integrated cifcuit.package, conpri.sing; provi di ng a sem caonduct qr die
vt 5o 1 nt e gh g iR oS Bevite diremuenaularal Erd il ciecebefg 1

el ectrically conductive bond pad regions and el ectrically conductive caps
over t Hp@nadﬁa baligl direefiyolesthetsesond ddanar eatersuslasas of thaeleghisalecapduativag a
top surface of the die and including at |least two different conductive

| ayer s,projpetiarfs white eampressingtthe zehxid eorehictive nthietialwathimgeidgapsi ng an i nner

| ayer and the other being an outer |ayer; the electrically conductive caps
having first planar outer surfaces along the outer |ayer; provi di ng an
i nterposer having electrically conductive projections associ ated therewth;
t he projectiQRs, havi ; - ondi ng balls
directly to(?ﬁ@‘?iﬁ@?qBﬁﬁﬁggﬁSE%§ﬁq§ﬂr gﬁggﬁﬁgéﬁﬁgﬁngé¥Ppgglly conductive
caps utilizing vibrational energy having a frequency of at |east about one
ki | ohertz; after bonding the balls to the first planar outer surfaces
of the electrically conductive caps, providinq z-axi s conductive materi al
over the balGlaim %ﬁhg_ra%hgd@éﬁmﬂi wheredt the; kallsieammiise0adibst antial Iy pl anar
upper surface that extends across the balls and that extends across regions
of the sem conductor die between the balls; the z-axis conductive materi al
entirely surroundi ng exposed surfaces of the balls; the z-axis conductive
materi al beiQigim 4. aThemeihiodust ¢lsien flowhemsn tire ekectridally comductiver bonditpadi al i's
provi ded over and between the balls;

regions comprise one or both of Al and Cu; and wherein one or more of the at least two

different conductive layers of the electrically conductive caps include one or more of Ag,

Au, B, Co, Cr, Ni, P, Pd, Pt, Ta, Ti, Vand W.

Claim 5. The method of claim 1 wherein the electrically conductive bond pad

regions comprise aluminum.



after providing the z-axis conductive material, pressing the projections of
the interposer through the z-axis conductive material until the projections
directly contact the balls; after the projections are pressed through
the z-axis conductive material, the z-axis conductive material filling gaps
bet ween curved regions of the balls and the first and second planar outer
surfaces, and the z-axis conductive material being conpressed in said gaps
so that the z-axis conductive material becones electrically conductive
within the gaps to inpose conductivity across said gaps; and utilizing
vi brational energy having a frequency of at |east about one kilohertz to

bond the DAl and 98 et bhGaRE SN AR T A Sler I ARES il Bq

el ectricall y conductive proJec e conpr essi I 483 ict i ve
material, within sai.d ga % Claim 2. The method of claim1l wherein the balls
conpr i SWeE ﬁé?’?mﬁ‘a?%g& The method of claim 1 wherein the balls conprise
gol d. Caim4. The nethod of claim1 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 |ayers of the

el ectri cal | @lairvduk imetkod ap assemblingearoidegratedmieuifpadiageicontpristgy: C, N,

P, Pd, Pt, Ta, Ti, V and W Claimb5. The method of claim1l wherein the

el ectri cal | yrovimly et setRicBRBGctBRdid AEVIAGSnegraREd SErcaltyhssuBiated thereWithi m 6.
The nethod of claim5 wherein the inner |ayer conprises nickel and the outer

L:é’ﬁggg&”@igiﬁ%ﬁ%@gﬁg@eleg@am tonBultRieOshPLhaR FeGBRL 'aRE SBcthiBAIRBESH LR M cui t
caps over the bond pad regions; the electrically conductive caps having first planar
outer surfaces;

providing an interposer having electrically conductive projections associated
therewith; the projections having second planar outer surfaces;

bonding balls directly to the first planar outer surfaces of the electrically
conductive caps;

after bonding the balls to the first planar outer surfaces of the electrically
conductive caps, providing underfill material over and between the balls; the underfill
material entirely surrounding exposed surfaces of the balls; the underfill material having
a substantially planar upper surface that extends across the balls and that extends
across regions of the semiconductor die between the balls;

after providing the underfill material, pressing the projections of the interposer
through the underfill material until the projections directly contact the balls;

the underfill being z-axis conductive material; the projections compressing the z-

axis conductive material within gaps between curved regions of the balls and the first

and second planar outer surfaces to convert the z-axis conductive material within said

10



provi ding a sem conductor die having integrated circuitry associ ated
therewith, the die conprising electrically conductive bond pad regi ons and
el ectrically conductive caps over the bond pad regions; the electrically
conductive caps having first planar outer surfaces; provi di ng an

i nterposer having electrically conductive projections associ ated therewth;
the projections having second planar outer surfaces; bondi ng balls
directly to the first planar outer surfaces of the electrically conductive
caps; after bonding the balls to the first planar outer surfaces of

the el gapd iffonh lay nepRGNELEIWR EGRE to RINC¥Iedtally dpdlittive f@heranal tooURirend
between the balls; the underfill material entirely surroundi ng exposed

surfac 4.Sa i mat eri al having a substantially planar
upper Eﬁr?gaec%d?‘t%hlgwl@atceré SS%QS%EE’ %ide bal | s and that extends across regions
of the sem cgnduct.or .di e between the | ]'s; after vi di.n h

nder 1111 SAAH uratighaL SRHGY RN a,1BRa PRy ofet (et Ahelt BeNBRRIERun « ne
underfill material until the projections directly contact the balls;

t he unbBend the bajls ¢jgecilydqithe éé?ﬁﬂf{:PWér pules sHERces plthsrelpeEralbeondysiivessi ng
the z-axis conductive material w thin gaps between curved regions of the
bal | s projeatives whilstcommtessing the plaxissgonductive matdriat withinosaidgapst the z-axi s
conductive material within said gaps froma non-conductive formto an

el ectrically conductive formand to thereby inpose conductivity across said
gaps; and utilizing vibrational energy having a frequency of at |east
about one kilohertz to bond the balls directly to the second pl anar outer
surfaces of the electrically conductive projections while conpressing the
z-axi s conductive material within said gaps.

11





