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-1- SEMICONDUCTOR SUBSTRATES INCLUDING INPUT/OUTPUT
REDISTRIBUTION USING WIRE BONDS AND ANISOTROPICALLY
CONDUCTIVE FILM, METHODS OF FABRICATION AND ASSEMBLIES
INCLUDING SAME 5 TECHNICAL FIELD field of the Invention: The
present invention relates generally to the fabrication of semiconductor

oI PR AR D U
e R Fﬁl TOR IRINGSAARE: KTPA SATROPICALLY
¥ ViR A R APREATISKANY R ssEMBLIES
assemblies. _ t gﬁr 1ﬁﬁ(vel nown, the
manufacture of semiconductor devices INvVolves many process steps.
A large number of like semiconductor devices may be fabricated on a thin
wafer or other bulk substrate of semiconductive material such as silicon.
Each semiconductor device compri i ie of semiconductor
material onto which are fabricatemﬁagé%%ﬁgﬁ% components such as
transistordiiahdioctbresinvesisiorsBredoapacitos)taihopktabycoentgdtedi¢dabrication
form-a useful device. The wafer is. 2Q then subdivided ta form the discrete
s B e R R ietnoas
sermdonpactorsdevicds mbyting proid ptide ynpaokagedieithiel griormeremwidely
follQwi S i int IS red into individual
s B e
or more chips, the integration of multiple functional circuits on single chips
has also become 25 common, leadj ‘Qé élig ith a large number of

t

input/output (1/0) terminals for signal transmission, power supply, ground

(or bias), atdetedtingAThete agdielerowwahtimuingfastion if shaierhdktejotalevices
eni . ity,0 | 1 . - r devices m,
L e el dovipesmay be
malaprigaicdragabinnehicling @t\b@rdmlbdubsmmr?ﬁ_miceddmié)wimaterial such as
p?‘%hﬁn%%." YRR ARG RR.CRRAGRY ClaRHRRL STTRIEUMaAUS R ARYIkctor material

Sigha transmission paths. MOI’GOVGI’,
onto which are fabricated various electronic components such as transistors, inductors,

resistors and capacitors, all operably connected to form a useful device. The wafer is
then subdivided to form the discrete semiconductor devices, also known as integrated
circuits (ICs). The semiconductor devices may be protectively packaged either prior to
or following a singulation step, wherein the wafer is severed into individual
semiconductor devices. While integrated packages may be formed of two or more
chips, the integration of multiple functional circuits on single chips has also become
common, leading to chips with a large number of input/output (I/O) terminals for signal
transmission, power supply, ground (or bias), and testing. There has been a continuing
effort in the industry to enhance the functional density of semiconductor devices while
simultaneously decreasing their size. Densification in chip fabrication has many
advantages, including overall reduction in cost, reduction in package volume, and
enhanced electrical efficiency due to shorter signal transmission paths. Moreover,
increased miniaturization has enabled the formation of complex integrated circuits on a
single chip or die, such as a so-called “computer on a chip.”

In general, the circuits on a chip or die terminate in conductive bond pads

arrayed on the die’s active surface, typically in one or more rows about the die
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increased miniaturization has enabled the formation of complex integrated
circuits on a single chip or die, such as a so-called "computer on a chip."
In general, the circuits on a chip or die terminate in conductive bond pads
arrayed on the die's active surface, typically in one or more rows about the
die -2- periphery or across a central portion of the die. These bond pads
are.generally formed, of suminam or o alminym allox and arc desianGd formea
to b6 cpo ctively connec{r SIRinars of a cAtfier sUDSAtE SHE H

an uﬁtﬁmmmoonmalubmmum aﬂiepanlteameafei@mnmmﬁ)@nmwmnmhycnnnected to
corre the Iocatl ns of the orrespondln ond. ie.

S e e e T R s R e o
clowﬂnnaalamfadtmﬂyrdarﬁobattmbspem to thslipstiate. ofhibis cifrtiegponding bond pads
C L oM B AL S EE IRUFIP O RE AR ey be oo
part by wire ‘bon INg, as in a dense water-leve -scale packa

diffidosit thiachielrettire diesitedtadnnedtiom wbmmcrﬁhsm@f dendpagpictive

“”duﬁn%'cclso%‘%séa%ﬁé’ﬁ reést‘r’%{té’“t‘eror‘ﬁﬁ{a‘{s?tsee PHing & a;%l;%n ;L{/Og%ﬂe nding, as in a

whic ad to a higher frequency of s ortlng such ein

by detire m@ﬁlc@m weptyc plopodedgackabEschive Wangré)atéesm@m b@nsectlon
of bo d into smaller.s i-e. . with finer

(:onventlona?s|i)§z§1n%§f?ggje)v }gélgﬁtler}?e ltcc))ggreeglttafc(-:‘wl1 S E Xonfl ugrggt%rﬂlg angle,

to ednductivch arepdcod amdiesoserquentied sbbmr@tesuncb afbylaiyrbennﬂsced by
tt t
TS R R

10 peithed sitg kR TACEs depictetd fmnPrripitohrt FIG 1. The package 10
Comp”se%%F ICORAYG 85%? % ity ﬁﬁ%‘éf‘?o Iiaes ﬂ@d%“ﬂ%

backside 28. T e package 1 es a ura |tyo conductive
padeniicortios ctvedsaifecerd®, foprcawylemherrqn alseriphgralc20c., by dlrect

15 ATARASMSRE QAN BER: Ea%&ﬁ&%h%l?ﬂ? B RAKAAGA& to the

d|e passivation layer 16 covers the active surface 18 between the die

bomdgbage 14 ¢conpeotentehmndiskelstridaitynigsniitetonpasktige tadealdngle RDL 20
conyapiona ﬁ%&DA&CIEY@“?esrﬁ‘e'BgéEngﬁi'é’Qdﬁ}b‘?{s&rﬁf‘s%%%ﬁﬁﬁc%‘? die 12 with

passivation layer 16 or on one or more additional layers 26A, 26B
of passivating faerd Saind AdsakirliZ8iohhe package 10 includes a plurality of

conductive die bond pads 14 on the active surface 18, typically either in a peripheral
arrangement or along a generally central axis. In this prior art package, a die
passivation layer 16 covers the active surface 18 between the die bond pads 14 to
protect and electrically insulate the active surface 18. A conventional RDL 20
comprises a metallization layer formed on the die passivation layer 16 or on one or
more additional layers 26A, 26B. . . 26N of passivating material. The metallization
layer is typically applied by a thin film deposition process which requires
photolithography and etching to define the traces of RDL 20 therefrom. Various
methods may be used for forming the under-bump metallization (UBM) 22 to which
the redistribution layer (RDL) 20 is joined. Typically, a UBM 22 consists of at least an
adhesion/fusion barrier layer and a wetting layer (and often an intermediate layer), in
order to form a pad structure which adheres well to traces of RDL 20 and to which a
solder material will be attracted, or “wet,” when heated to a molten state during formation

of a solder ball or bump 24. The package 10 may be inverted atop a substrate such as an
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25 layer is typically applied by a thin film deposition process which

requires photolithography and etching to define the traces of RDL 20
therefrom. Various methods may be used for forming the under-bump
metallization (UBM) 22 to which the redistsibution layer (RDL) 20 is

joined. Typically, a UBM 22 consists of at least an adhesion/fusion barrier

layer and a wetting la r‘% %?:)ft an intermediate, layer), in 30 order. to .
ror B e e R S RS R oo
a shtdermeafeciahinil padatirectad, br dwet)blvk dinchgatel ol bamoitpacktats two or
during ormalian, of 2 SRIier.al BRI ot The PAGKAGE L0 MAY Be.ivarion
inverted atop a su Strate such as n’ferposer’ %o showny and the
soltecbaltpantiogips 2 dinedeo toeduchive arads imuthpléoepodf passivation

terminal.pads thereon. In a.caomplex high-pitch, ball array package, two or
e e A R SN B PR,

passivatioValayens sedanaping chenteti lication | eadsgiAsianresuit lizuitiplkyer are
ste essgrfﬂgeadslsnl\{ﬁg?% ({ycélengo%%?nﬁ etching, metallization deposition and

CIICCS. .
etching are require tions andslmprovements of the basic

redistributidn .rRetaili2&icniay i e Idebarlizeddnctitee$ollmdinigibefere haes: which,
U-3y 5’(?&&{‘&3'38:1)%@1 40 [ HPRAISL deseines ALediFHAYNQn {)aéycecglﬁacted with
WhICh, In addition t ump pads, also Incluades separate test paads whic
magabeleantpotbe withles 0 Bavititemaradrobetursed lesi Backptesivpddid pad so that

S“%§ées%rﬂg‘i‘5rasﬁ%%§%;¢i%%£’8ﬁ% Beégfl?ﬁ&? QB@“&E&@%%@&T@% PEPILSsed to test
car apparatus and cantilever ne €S may be used to test the
serthicopmustoduitvicts veitherther thretho handapisl{fdpnavineeHmded diewitg )or on the

or pn.t gdstefﬁgrpaag&rﬁth%rdqlg%g%ged device). In U.S. Patent No. 6,536,653

of Warig et al., a method for bumping and bonding 15 semiconductor
packageslis WiScixent No.$, Paiehs NOWG120 41562 omelbat fir hewvegikgand bonding

muig@&wg%@%&ﬁ%%ﬁrﬁég&@ ' attachment. The package is formed

of a plurality of chip-scale dice, wherein the larger die uses a

bump padietlistaibotidie-1yastidpJomiHg theldicadns a fiwlohippmaethde. MCM) for

In lfliﬁ—'c ﬁ)tgﬂg%%e%gfhg Jp%&fagéj ng&]h?éd gff};lr ﬁhﬂgﬁw (E)Ia\gari%g—iﬁt{;@%tlil?ﬁ—scale
dice, wherein the larger die uses a bump pad redistribution layer for joining the dice in
a flip-chip manner.

In U.S. Patent No. 6,197,613 of Kung et al., a first bump pad redistribution
layer is connected to a second redistribution layer at a different level by a via plug
passing through an applied insulating layer.

In U.S. Patent No. 6,372,619 of Huang et al., a redistribution layer is connected
to elevated bump pads by vias through an insulating layer.

U.S. Patent No. 6,433,427 of Wu et al. teaches a wafer-level package having a
redistribution layer in which the redistributed bump pads are underlain by two stress-
buffer layers.

U.S. Patent No. 6,277,669 of Kung et al. describes a method for making a pad
redistribution layer on a wafer-level package, wherein the distributed bump pads are

underlain by an elastomeric material.
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layer is connected to a second redistribution layer at a different level by a
via plug passing through an applied insulating layer. In U.S. Patent No.
6,372,619 of Huang et al., a redistribution layer is connected to elevated
bump pads by vias through an insulating layer. 25 U.S. Patent No.
6,433,427 of Wu et al. teaches a wafer-level package having a

redistributiog | ?rp'Whl{:@%‘%ﬁd'ts’if'b“tegf%g%épo%%j;%tﬂ?ﬂ?Qra}ﬂa%’nga

two stress- bu ayers atent
descibetcadnsthatcfpnckagengibiziag a redistribution llay;eemrtl& wahdieterfahe dice

pack e, wh rel the are ndera
i SIS R R R
descrlbesIa enebhddlfe rahwklmjeawvederdwet m@jreqmﬂulbageruwmmgaa: used,

glstrlb ion Ia ayer on the smalle 1f the di %h%géjs é)nne&m&wﬁ agks and reticles
nea e above

yerg[omt% 3 arge y wire
referemwarahdbrd&rdvenmdi&tﬂbhﬂﬂmia@é%wﬂheﬁp Deypipatdradghiring

mu|t| osition,ang etchin steps nsive ma Ies are,
requwedf dﬁR dir%ndnﬁ)p m%ctgli Pza?ﬁgn K%D) will al gaol be Srequf?reél atthe o methods
redistrilvoted BdMd paqill&atﬂmysyradehﬂggcstﬂm avéral Gost cmmnm@ and

curfent methogls, J forming R0 gg'ﬁ? &“ea”%’ep%ﬁssg rﬂStSP DR 2 heavy
time consuming and expenswe dition. for éach ch g€’in die S|ze

for @patalpleedimeshrinkde alhsm@' Theapitsll ieniestreptogiltthenigosty dds not been

Th?uﬁ%ﬁ@hﬁ&%@l?ec%ﬁ%g %gﬂ%]ﬁno Eﬁ ﬁ?ﬁﬂ?&pn 5' fl’i ¥ecf I tﬁg,v talilld not yet

ecause conventional RDL tec ogylisre atlve ew an yet ully
de\fe]bp@@emmﬁeranéne |§13t¢bstammm@bmganpﬂttinbe)t\he@wcermménal pad

pabﬁueﬁ%mf Hgaé‘é{ﬁa” s%&teé; §ﬁ A ﬁgq@ﬁ% Itcgﬁ@'@@@@w SR Cmultichip

icate multichip modules, an dice emp oying

co mn@duionamdl:smgthmld)@gqh plodics anployies tommimalopabidtHaviaylsgy. For
Co%i% %?ﬁ%%t’@%a%ﬂ&ﬂ‘m‘% %re&%%&%g&al%l Ial%hqlb @ﬁynp Qvhereas solder ball

S|gn|f|c iner xample, bout 0.1'to 0.2 mm. In the manufacture of

pa@(@@e@aysﬁﬁ@mfmmm binandtalkzatoe.theodids late Oypiaally
packagediprior 10, KW CoPFRIG K GRA JETHRG M HhENTRRISAMHO dice are

typically packaged prior to Known Good Die (KGD) testing. Thus, it is important to
achieve a very high yield in order to reduce production costs. However, in the current
state of the art, the yield is known to be unacceptably low.

It would be desirable to provide a chip-scale semiconductor package with
increased pitch, increased yield, fewer packaging steps, and at reduced cost.

It would also be desirable to provide a chip-scale semiconductor package which
may be attached to a carrier substrate either by wire bonding or by flip-chip attachment.

It would be further desirable to provide a chip-scale semiconductor package
with improved redistribution of bond pads.

It would be still further desirable to provide an improved pad redistribution
method useful for chip-scale flip-chip semiconductor packages having die bond pads

either along the die periphery or along a central axis across the die.
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formed wi

achieve a very high yield in order to reduce production costs. However, in
the current 20 state of the art, the yield is known to be unacceptably low.
It would be desirable to provide a chip-scale semiconductor package with
increased pitch, increased yield, fewer packaging steps, and at reduced
cost. It would also be desirable to provide a chip-scale semiconductor
package which may be attached to a carrier substrate either by wire
bonding or by flip-chip attachment. 25 It would be further desirable to
provide a chip-scale semicdnth(Ctd PaABkAOE WM NG redistribution
of bond pads. It would belstill further de iraﬁlt%to rovide an im rov%g ad

redistibulN Ftho LALTet f0r ERLACAle ICRID SerEahdUIGr o0 4

packegashdvingtdieadtiogdpadsnditber dioagthe it penipdre yhorhahomgfacilitate
cel}tral axis across th(? die. 30 -5- ISC%OSURE OF.IIBI.YItENT. QN In

ormm§ semllconduc I dle assemb]ies O 1m§)r0\{ed reh?. 11 W{ cater ease and
various exemplary embodiments of the present invention S are

pre@mmd}fowabrimtingzséynthemmmﬂsdnif:ehérpaescntfigw’sation avivichtimange of one

fa.Clﬂ“rt%%gref*Srgg{g?rIﬂ)%tisg MigongyStordic &%%%P“ﬁ*%'he%%iﬂrg“&@%%gdr%#&b{'étXn array of
with greater ease and economy. Mor€ particularly, the methods of the

preseniuicivenbionzvoliithevese of areicometorel yadisssibutibes metatlingtiore or more
laygf efos{l&%”‘éﬁf'@&91'5?\QEQ%Qﬁitoaa?ag%é?ﬁ&fﬂf‘?&%“Ct%%’%érsﬁ"%%tT § also be
invention applies hot only to assem fés nclu Ing O e of rore ICe, suc

as enip-scaleniteribamoe dtheckagesrahid tflipdshipgagkaged assenmhéiysalso

be 10 e yed icati ther i tor di ck : .
assemblie SEC Ao op e b T S B LS PRREARERAN) conducive
anisutropicallyocomauetile tamatdrialzalst Edbmmaniy tewer dedisrrdxigdilmpad” to

as AR AALIGEIAPUIRR LAd: IR RIGRIteMaHIRLS GNASTNG ARG nted by
balls, or other connectors may be mounted by conventional bump-forming
andforvaitebdriding-douipngentd/06 wineelendple efwpnegtisotropically

oS O R0 B A

co rimmtifmtimﬁh@rsglymdmﬁhﬂ f@m%wiﬁaggiﬁgs@rﬁ@gwh qﬁégigmlly unconnected,
generally parallel, conductive transverse “columns,” i.e., pins passing through the film.
The conductive columns are preferably formed of a metal or metal-containing material
to which a conductive ball or bump may be readily joined and retained in place. The
columns are exposed on at least one surface of the film for joining of the balls or bumps
thereto. An example of one such film is a polyimide film or tape containing a dense
array of conductive metal columns. The columns are sufficiently laterally separated to
avoid shorting.

The anisotropic film or tape is readily adhesively attached to a die passivation
layer, and conductive redistribution balls or bumps may be easily formed on and
attached to the anisotropic material at any locations thereon. The conductive
redistribution balls or bumps are then connected to the die bond pads by the well-
developed, conventional method of wire bonding. Shorting in the x- and y-axes is
avoided by the construction of the anisotropic material, and shorting in the z-direction
is prevented by the die passivation layer underneath the film. The conductive
redistribution balls or bumps on the semiconductor die may be electrically attached to
terminal pads of another substrate such as an interposer, circuit board, die, package or

wafer by wire bonding or, alternatively, by flip-chip attach using another ball or bump
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The conductive columns are preferably formed of a metal or

metal-containing material to which a conductive ball or bump may be

readily joined and retained in place. The 20 columns are exposed on at

least one surface of the film for joining of tle balls or bumps thereto. An

example of one such film is a polyimide film or tape containing a dense

array of ductive metal coJumns. The.cqolumns.are sufficiently laterally ..
o L SR YR S A ) W VA e othplished
adhvagivalyatisioneldetp i idien passivaiidn u s layee andconddstivged above, the
red&%}{sl(?tlrjct):]j%rg b%l['én‘ﬁi bym ﬁsa{{‘%‘(ret%& i %Mﬁ%@%‘;’)a‘%ﬂ’%‘d IR S atts or
anisotropic material at any locations thereon. The donduictive

redistripsiticry ballsoddslian psyaiecthen tenectdthts, tiey diejliondapads lognventional
theu\Illv élr-_lgl%\r{elgfé?ghgotri\vepetiﬁ% Omettél%go%g\(/fre bonding. Shorting in the

X- an y-axeg iS avol egrby? e comstruction of the anisotropic material,

and shortifigeiprtisent-divection B6oisim@upatet,.by tddidienpbssivedioreayer
underneat e fim- The, gandyctive fedistibution halis o7 DUTIRE 0f1fon as wel
semiconductor die may be e?ectrlcgﬁy aftached to termina pads of
anetlegkebkivatesastbbss ancirprposer {heipetdno ardedienpackage or

wafer by v g ing or, alternatively flip-chip att E sing another

pall or b e ST the RSO VR R B apparent o
prdbess ohalyibenabecmplisheh eoitkidenatientidrib¢ egsipradasaaptinmithe

used | indus S not iSofropic material acts as an

"ar%% grrétl %’% |]b§t|((})%{%%§g ta§ @vﬁ%ﬁgﬁgﬁg g%?\%?ﬁga'lls or bumps may be

bonded at any location thereon. Thus, any requirement for conventional 5

under-bump metallizati EW%R Y@iﬂng'Blg ginvention
also encompasses, in a éilt%na em o%bi?nents, semlconguctor die
assemblids dreddpaekeyew fadirideped ofdnglpresermadiraenisviasawells ftures of the

hig?x%'éﬂﬁ%’ﬁl ﬁgg@blies incorporating the present invention. Other
features and advantages of the present invention will become apparent to

10 those &flSkill in dlveoastsridemi iomsitfer atiomaf wicaahsprivngldesoriptiadictor
the A58 mﬁﬂﬂ%ﬂr@ﬁﬁi&gﬁ’r@ﬁﬁgt}hﬁlﬁl&pﬂyg??&I@E%?it%ﬁi@:solder bumps to
DEpSCR TION OF DRAWINGS

match the attachment pads of an interposer;

FIG. 2 is a flow chart showing the general acts used in forming a wire-bondable
semiconductor package with redistribution conductive bumps of the invention;

FIG. 3 is a perspective view of an exemplary semiconductor wafer of the
invention comprising a plurality of fabricated dice with die bond pads;

FIG. 4 is an enlarged cross-sectional edge view of a portion of an exemplary
semiconductor wafer of the invention, as taken along line 4-4 of FIG. 3;

FIG. 5 is an enlarged perspective view of an exemplary anisotropically
conductive (z-axis conductive) film useful in forming a semiconductor package of the
invention;

FIG. 6 is a perspective view of an exemplary semiconductor wafer upon which
are attached fields of anisotropically conductive material of the invention;

FIG. 7 is an enlarged cross-sectional edge view of a portion of an exemplary

semiconductor wafer upon which are attached fields of anisotropically conductive

material of the invention, as taken along line 7-7 of FIG. 6;
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In the drawings, which depict exemplary embodiments of various features

of the 15 present invention: FIG. 1 is a cross-sectional view of a segment

of a chip-scale semiconductor package with a conventional redistribution

layer for repositioning solder bumps to match the attachment pads of an

interposer; FIG. 2 is a flow chart showing the general acts used in forming

a wire-bo 8b§e. 20 semiconductor gfacka e w'ith redistribu&ion conguctive .
.81S a PGIS]ZE@VE View an e ?mg aré/ SCII%ICOH uctor yaier upon which

bumps of the invention; . 3 1S a perspective view of an exemplary

semidsnihigion waidnafihdumpentiofocoadprisingda pfunakitytropfeldticat@ductive

dice v¥ith (iiief ond pags; FIG. 4 is an enlarged cross-sectional edge view

material o € 1mventio . . .

of a portllon ofan exemplfary semiconductor wafer of the invention, as

taken alodgding 4-¢h @hkige BrRB I 1ibrigl ameentdrg pdrpenspestivecwglary

of a0, exemplary anisetopicall senducive s conducive) im sl

in forming a 'semiconductor package of the invention; .b61sa

perspediiveicaly ohdnaxemplanyasefritcomdgotomwal eakgpehonpiche 8re of FIG. &;

attached figids of anisetapieal sapdyciive materol of e IBYSRIonira it wire

FIG. 7 isan en argedpcr s-sectional eélge View ofa portion of an

exdmplagpeentiogikbtordvatsrtopeh sivihioh areardached Hielts of the invention;

anisotropi ?glly nductive material of the invention, as t lﬁen long line

7 o i b 5 B R R O A L POty

sersiigonadubtoowatdeiupch whichoslistritngtiongcdndweiieabsimpsdaseibution solder

formge felds ot AnisouaRiralbneqnAUtvG graieriaipf the invention:

FIG. 9 Is an enlarged cross-sectioral view of a portion of an exemplary 5

semicondbittorlWaferpeitpaeidistritautioh aoeduapleyemp fdupied davice formed of

fields, ?ﬁvg]g@%%tr%i éﬁ%( 59 ld%t(gvg Cg]&t&f@lb%mg invention, as taken

along line 9- o? FIG. 8; FIG. 10 is a perspective view of an exemplary

semicondbittorlWatfer flvith alvive showdrzdbagentina adie bbig pagstion used in

B

FIG. 14 is a perspective view of a portion of an exemplary semiconductor wafer
of the invention with wire bonds connecting die bond pads to redistribution conductive
bumps, followed by formation of flip-chip bumps atop the redistribution conductive
bumps;

FIG. 15 is an enlarged cross-sectional view of a portion of an exemplary
semiconductor wafer of the invention with wire bonds connecting die bond pads to
redistribution conductive bumps, followed by formation of flip-chip bumps atop the
redistribution conductive bumps, as taken along line 15-15 of FIG. 14;

FIG. 16 is a cross-sectional view of an exemplary, singulated chip-scale
semiconductor die package of the invention configured for flip-chip attachment to a
carrier substrate; and

FIG. 17 is a cross-sectional view of the exemplary singulated chip-scale

semiconductor die package of FIG. 16 attached by flip-chip technique to a carrier

substrate and underfilled by methods of the invention.



10 semiconductor wafer with wire bonds connecting die bond pads to
redistribution solder bumps of the invention, taken along line 11-11 of
FIG. 10; FIG. 12 is a perspective view of an exemplary semiconductor
device formed of the invention and wire bgnded to a carrier substrate;
FIG. 13 is a flow chart showing the general acts of the invention used in

15 forming a fli @W in-scal { lﬁapﬁ j

redistribution; l—ﬁ . gg%@s%é&%é %{gv%%kf%% ion (?fw aiﬁ\él;(lg%lﬁgy
semicondlictbe yabent af thetiowentiatiswitiu tivineob dittlsccomne otingrdieals is achieved
bond padsrioredistrbution canfuctive, BUMPS. follpwed by fermation of

flip-c |p1f)umps a%op the Tedistribttion conductve umps; 50K & 187 an
enladjeilbnoss-sectio pelarised bfygp poitienooflapeexempharyresenticoreduotomn array

5waf(%r ofHSe invenéﬁio i\l/)\/lili;[h Wilge bonds. c nnegtir]glgegie bond
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ads to .
redistfiBUtion conduchive bumps. Tolowed by f%rrmati%‘haé‘f%%%%?ﬁ%ﬁ%ﬁé’“““”"‘
atopateei atetisswiedtiontioo padctgeenbd thps, casitaked @l omgyHimel podi Hivthe die by
FIG..14: FIG. 16.4s a.ctoss-sectional view of an exemplary, singulated
eGSR RS AR el A ORI SRR e
fliprethigirattachnbentie aaydreipesobstrdi;tbne #iE levelis Bhe resulting assembly
cross-sectional view of exemplary singul t.dgbchi -scale .
B R A RS B mer packazed die. a
camwefesubstriateiahdanhbg riifecbbydimgtho ddtefmite thydmtidip-80ipoBEST.

.M ODE.(S)P!EQr%e%é (I)QfYaI N%e- ggdlﬁgsE%Yé%NJdgH Elléﬁg%%rgfs&l tinvei%ltion may be
invention, a redistribution o contacts or terminals is achieved without
fordvisgibecomventiomangdisgingidrastyubtove habingomedGmbrdiach of the acts is

oAU 12YRI, SRARREF B Pasgiyaliopfayers. In the present

invention, an array 5 of conductive redistribution bumps or balls is formed
on an anidotropigaydorfd(otieheraterialdispog edvare thengaldkaageemaedductor

I RSP MR T
In act 80, a semiconductor wafer 40 on which is fabricated a plurality of dice 50

is provided. As used herein, the term “wafer” encompasses not only conventional
silicon wafers but also other bulk substrates of semiconductive material such as gallium
arsenide and indium phosphide wafers as well as silicon-on-insulator (SOI) substrates,
as exemplified by silicon-on-glass (SOG) substrates and silicon-on-sapphire (SOS)
substrates. Each semiconductor die 50 is fabricated with an electronic circuit in the
form of an integrated circuit thereon. In an exemplary wafer of FIGS. 3 and 4, the
wafer 40 has a backside 44 and an active surface 42 containing a plurality of discrete
semiconductor dice 50, the portion of active surface 42 of each die 50 having a pattern
of conductive bond pads 52 thereon connected to the integrated circuits thereof (not
shown). The bond pads 52 are shown surrounded by a die passivation layer 56 to
electrically insulate and environmentally protect the active surface 42. The edges 46 of
each location of a die 50 are defined by cut lines, i.e., saw or scribe lines 48A and 48B,
respectively, parallel to the x-axis and y-axis of wafer 40, respectively. In this
example, bond pads 52 are arrayed along a central axis 54 of each die 50. Application
of the invention to a die 50 with peripherally arrayed bond pads 52 will also be

discussed subsequently.



redistribution bumps, may be performed at the wafer level. The resulting
assembly may be attached to another substrate such as an interposer,
another packaged die, a 10 wafer or a circuit board by wire bonding or,
alternatively, by flip-chip bonding. Fabricatjon of a wire-bondable
semiconductor package of the invention may be described as performing

the generqlhact ﬁ’_l?e%kés I %on 0 ae}lcertln‘i)sf I;]e acthy2 I”Hl% 1ve materlal 60,
in one or moré of Iéfé rou urning oW T Cii)llf;a | fheac
formiclya wmmbmﬂdaﬂ)lg smmﬂndmﬂumor tde phickagedqin Eié‘rrilrttbdmeeﬁlo Such

from 1850 ﬂ(}r? a%? tlve rla ngOWIn?s ! aar? 9 eln ?rn a'lsczoe{ is tape or
wafer 40 Jh Which i tabricate uralaty Stdic %‘6 iS provi ea ASS P
herexishHeeamd’ mﬂccmmﬁmwmmtmm}}cmm/én’ﬂcmm sdlcpmrallel to the z-

5 Waf%% Sut alpo,PRer BulK S'chStf §f PmCongd %‘hve£¥?§8£'a' SUHLER, one type
galliumarsenide andfRdiom p osp afers as well as
sﬂmtﬁnamﬂnmltaihr ¢a@l)sivostratias)| 20 angxemplified bmmcmp@ﬂﬁghaskltwe

se 'p] %)r%up %gatfes andh§mC QC%HCZSaBBhfIrI 0(89132 a rePSfH/ae esde S€ pFlttern (%f parallel

uctor ?abrlcat with an electronlc circu
an éntelpcitee roimdl mlmmetsnm nsambgddeg|asneralbr pﬁfﬁh@&hl@)@dth@ filen or tape
40 a backsi 4 a urf contajnin lur
o o A BB RS AN A ISR SRR
10 eacyp@rlelECHmwlmgrm paatemlzs&df gopelyonide borthpapsl 2¢heldorronductive

connaGIesLiRes MGAAIRACIGHIE HGIER bRt éQ%’é\to 'ﬁeP?QH#@éﬁungsmn

52 are shown surrounded by a die passivation layer 5 ctrica
insalate zud, enpironmbetalyldroredioie thetnd sudfarpoded Meedga@nands 81,

of cach |oReHB (RIS dia e Bt eHhInGRul ST AERRS 0

lines 4 respectively, paralle € X-axis an y-axis of wafe

40 crasiyettiveiymips i H s exanisi @Obdﬂﬁtpahi% Gduanesarkaipanizeony areferred that
Cerﬂfnﬁ%ﬁ‘ﬁé‘*ﬂfbeeaﬁ)@xﬂé% 3P e OEPHERH G %(J amg%thgf\/ ‘gﬁ&"&‘gpexample,

periphe arrayed bond pa s 52 will' also Iscussed su ently
-9- mmh@atwaﬁszhﬂmz]esrappm bt amahﬁsbmw@allwym@rmdmed that the

m%8[@%991%8@%@%%8%@1@8&&'%Qu?%?llﬂ'%‘?dfﬂ%ﬁ’{ $3RG. "H%”@c}ﬁ%l'ﬁ‘ diameter 79

FIG. 5, to die 50. Such anisotropically conductive materials 60 are also
kn@h Spathegind pgely 45 srepisieapel ormposed so that a plurality of exposed columns

74 will be bonded to a single conductive bump or ball formed or placed thereon. In

20  FIG. 5, the diameter 59 of the footprint of an exemplary conductive bump is shown in
broken lines as at least partially contacting a dozen or more columns 74. The exposed
column upper ends 81 may occupy only a small portion of the upper tape surface 75
and still effectively retain the conductive bumps or balls by metallurgical bonding
thereto. The anisotropically conductive material 60 is shown in FIG. 5 with an

25 adhesive layer 78, such as a pressure-sensitive adhesive layer on the backside 77, for
adhesion to a die passivation layer 56 (see FIG. 7).

As depicted in FIGS. 6 and 7, the anisotropically conductive material 60 is
applied in act 82 to the die passivation layer 56 between rows of bond pads 52. In the
wafer stage, a single elongate strip of a film or tape of anisotropically conductive

30  material 60 may be applied over adjacent portions of two rows of dice 50 and later cut
with the underlying wafer 40 when the semiconductor dice 50 are singulated. In the

event that the anisotropically conductive material of the film does not have an integral



z-axis film and are electrically conductive in only one direction, i.e.,

parallel to the z 5 axis or vertical axis, perpendicular to the plane of the

film or tape. As shown, one type of anisotropically conductive material 60

may comprise a film or tape of insulative_ pglymer 76 of a height or

thickness 72, into which a relatively dense pattern of parallel conductive

metgh slsm er{rl}ér%,'% ?é“%%?%@%g&ﬁ%ﬁ@ﬂ% 1953'1”%350“ MRS HTILETS secure the
tape from an upper surface a backside ereof. Fhe'insulative
polfineronBasiitd typidedtyaa diéledicicnnadsenalpslyemas/pohdmidenpristher
polymer, e canduciive, eial SlEments, £ Mav.be SolmAs e Shnered to
for example, a metal Slch as ungs%en, a mln&/m, copper, sfver, gold, or
allogmibendoétandiexpOdpchdtrtbeappppercendsh8ds, i.e., on the upper

5 surface 7%%%%“5&[‘??%%%% | %‘ﬁ?ﬁ"ﬁg&? Q“%&@?' ?&s&%ﬁ%%% conductive balls or
nded to y

10

15

20

25

30

conductive bumps or Dalls may be bo e columns. It'is current
preffempd $Ratrd bldcedcaiutmnanixbivepioathe dooflgalide Thearcilibdmuibimetied to the
79 may vary but, for exampl ay he between about and about 15

T R LSBT SRS TR AhOIT ARG Bl
aboltr &t amet @bouts8 npradte cbhomvediamate iy heamdeshaoing argpitthe

73 are preferably i Se that a plurality of ex calumns. 74 will

P e 2 S S ! RO AR M el

In 20RIGr Sy, theddianetdy 89 ofdheadytpeidt tirdomxempibngteond itivectallic

bump, &, %ﬁﬂ%"g}%@.cﬁ?ﬁ&@ Y255 AR AhSHRS é‘&ﬂ?"é()dgf%ﬁ%@ @Qa?erq%&?n%ump

more column e exposed column upperen may occupy o

a sphaltportionagfihbyuppeanapeablefacthdd wimchstillldifeotihelp aks ain tivaps in
co i ] etallurgica, i :

o B B S AR I 18, 12). Fora
adhasiveoledah 7 g mischdis ppeskige Hbikitinesd istiugion tapdpemveheall or bump
bagkside 77 i ' jvati | :
o RO o R L I ey SRR Wird s 62 with

apphiedanderdDis me@wrpasgi_\fa‘iiolf{)lag@d 5&bém¢@eﬁmgw patide the
PadgiRZ R dhe Wafensiras, 2 Al ﬂ!gu%iﬁsx%&% iR obR (m QL aRE 0L 66, as

anisotropically conductive 30 material 60°'may be applied over adjacent
podianeiest tvblkowls of dice 50 and later cut with the underlying wafer 40

when the FSHHWHQ?)E&%&Q A& l%ﬂgﬂilgt@ﬂeMS%uﬁ%ﬁ%%c% balls or

anisotropically conductive material of the film does not have an integral
bumps 58 on the anisotropically conductive material 60, the redistribution conductive

balls or bumps 58 are wire bonded in act 86 to the bond pads 52. Act 86 is illustrated in
FIGS. 10 and 11. Although any wire-bonding system may be used, standoff stitch
bonding (SSB) is currently preferred. An SSB machine can be used to first apply the
redistribution conductive balls or bumps 58 to the upper surface 75 (see FIG. 5) of
anisotropically conductive material 60, form a ball 102 on each of the bond pads 52,
then loop and form a stitch bond with the redistribution conductive ball or bump 58. In
addition, the SSB method may be used for final wire bonding of redistribution
conductive ball or bump 58 to another substrate 66, e.g., an interposer.

The next act 88 is shown as cutting the wafer along cut lines 48A and 48B to
singulate the discrete dice 50, using any of the methods well known in the industry.
Optionally, a further protective layer (not shown) of insulating material may be applied
over the bond pads 52 and adjacent portions of the wire bonds 62 in the wafer stage,

i.e., before singulation.
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-10- adhesive layer 78, a separately applied adhesive material may be
utilized to secure the film to the dice or, alternatively, the insulative
polymer 76 may comprise a thermoplastic resin and the film of
anisotropically conductive material 60 adhgred to semiconductor dice 50
by a brief application of heat. 5 In the next act 84, as shown in FIGS. 8
and 9, re‘jl's”'?%o °°” dyctve;0ails 05,8 L CRAIR 82 N 15ced 00 1S ed (o0
anlsotroplca y condu ctive material 9 and bonded to t e expose column
upmﬂnendq)ads(ﬁ&bﬁlaowhefmﬁbmausé@bhoate presBuge ahel/mbsnfa‘aminay be an
V|bra{|on as is tlce aJ,gavvevnI,Jonzzlarlll t|n thgmvilclre(l? Cr%g}n

FiBUtion con oﬁub?\ye balls or umps%r may l*orme
appligabieid oomgiaikngyAsndustratedtly Bie .praferdbiy gald s&nmtmmdhmor
robust gol ermetall bon S with gald columns 74 | in the |s ro icall
condu tk(%ﬁ/& rtr?él esr:lga eél(}c mp?) pﬁécg}%%ln m}z;ltyf{.| (lanh(f/nalrcl)§/1 g%pp Aple wird bonded
metth caminidipadil 668roh shesbattstér iidwsséd, desitéd beatisemtir may be protected

oining. t anoth ubstrate FIG. 12). For a -bon
e R B S R B B R e
lochoindstrh aymlmlmiteddmorbyld@hfghrqudm, w'y'delippmhﬁdwme pot molding,
bo 62 wit ads h in F 0 11, and
sm%gl?’ nsé)oﬁs}i?y en%%% %{% es“ﬁg‘é%‘a?jé%t g?nﬂa lcl)% v of gJR' r% %g Sc(i)lljlzsa’l {lowable
wirglbomdszeUowepoasemstpatdabs, as depicted in FIG. 12. Following the
placemenit%ﬂglﬁg B? 'H(gteOJ {}?q e % &%ﬂt %O(?ﬁ’[ (E'V?sgl 1%8 t%L{fQé’ %Vl%ﬁ singulated
on the anisotropically conductlve aterla e re utlon conductive
balfstorcondwstob8iegebwirddondkediin giotgdigs, mommmas&mmbvafers
USRS IS0 A0 L A IBHOR AT BRI ESYFIRT) RO frventi
useﬁﬁi5 ?7stando Iﬁst}tchl ‘Ct)) g-‘ ing %é %dg current tly ﬁre erre I§ Avention.
ma@:lhl pendantbe (IS@Eilﬂcblﬂllgtl@BWQﬁ@MIQMﬂJQE@?S@@H@M@H&@FMﬂS’ be used in
210, INAHPRSNAUMARH I R 585 FlR:cRhOLARARISOUPRIGAMY dice of

con cl}[?{/e rhlateri;lalﬁ)g{)hﬁform a ball 102 on g%c)?gof trrliucgl%iong pa%]g 2 lﬁ%r‘? :
Ioopaami forferaastivel bopebwilingheonadisirbutiornotied L&uhvedbeﬂoo rt\m i@fpmore dice
55..1Bn 2ddiion i S5Gue il Mk HER B final wire bonding of

redistribution conductive ball of bump 58 to another substrate 66, e.g., an
interposerThe use of anisotropically conductive materials 60 is also very advantageous for

CFO? c1rcu1t board or other

flip-chip devices requiring redistribution of I/O locations for a ball grid array (BGA)
configuration. The acts in forming such a semiconductor package are shown in FIG.
13, of which acts 80, 82, 84, 86, and 88 are the same as described for the wire-bondable
semiconductor package 70. The method of FIG. 13 differs from that of FIG. 2 in that
an additional act 94 is performed to form conductive flip-chip balls or bumps 100,
otherwise known as stud bumps, atop the existing conductive redistribution balls or
bumps 58. This act is illustrated in FIGS. 14 and 15 as being performed at the wafer
level. In this act, a ball grid array (BGA) is formed on the active surface portions of the
semiconductor dice 50 of the wafer 40.

The wafer 40 may then be cut along cut lines 48 A and 48B to singulate the
semiconductor dice 50, as shown in FIG. 16. Optionally, prior to singulation in act 88,
a further dielectric layer (not shown) may be applied over portions of the active surface
42 of the wafer 40, including exposed portions of the active surface 42, bond pads 52,

anisotropically conductive material 60, wire bonds 62 and redistribution conductive
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The next act 88 is shown as cutting the wafer along cut lines 48A and 48B

to 30 singulate the discrete dice 50, using any of the methods well known

in the industry. Optionally, a further protective layer (not shown) of

insulating material may be applied over the bond pads 52 and adjacent

portions of the wire bonds 62 in the wafer stage, i.e., before singulation.

-11- In act, 90, th istribution, condugtive balls or bumps 58 are attached

o SRS B8 AP R R A R T Bleang
subbtrafeo66 may be an interposer, a wafer, a partial wafer, another
semicondycto g A Circuit hoard or, other, elecfronic component. As . .
ustravect il e 205 B & R TSt bans o
forimeupsyl eofmsttiogof thedraventioh tardnnasbeeagwiea bbonaebictove terminal
terminah pads 8% Qlisybslrale %ﬁ'jsu uedoinad 92, 1he E‘lflsrﬁénrﬁ%eméxth an

be %rostecteg by appﬁca lon of a thermoplastic encapsufan over the
senmeonduvtorl i thd) layer Hhadsnbhang ierthinalphds E8dynirahstels 106 but, as
mojding. iNie<tRNMOIBIng L PLMRIING, of B Se:cAlelrAIgBdPe a circuit
encapsulation techniques applying a viscous, flowable 10 silicone gel or
epbryrdnoapbet ahtcitosho alanipentotedithibe therprése dtanmemiommischetfer 40 is to
imiiegio 56 Wiilsnoulaiad sermeonasIondiag, Rul DALMY S e shaped like
grouplngs, sometimes known as "partial wafefs,” may also benefit
thexefidon, Fogwxaonpienyirbs it dhomted fellovodirbpichiphétanhdiftion, the
conductivg redisyi %‘é:ﬁgcgg S A5 RUPRS I%I&Qr%ﬁéﬁ%?ﬂﬂ 'Q;{é}%&@%ﬁ%a% Erjal 108,
used in 15 conjunction with™jumper” bond wires connecting bond pads of
adjaresilGico ofcatrpattinhwalietyaslveitds pebyiainin@ehreciinstdiquid form.

another SyRSUIE,fof R OFMATE Hikes 2ot 191 €A MG 3 310881 9H9 ricuy

of the partial wafer. The use of anisotropically conductive materials
alseonseguaivanshgaoubifey, flipeshiprevioes letpriringyreelsriooied ofrliey in the
locat gH B ' i in formi
O ey B Rt o

82 fa8n1@& thed88l apmikenshinier aedeasdibed for the wire-bondable

SemiCO”dHPB%%%%%ZQnJH%m?J Qgsgﬁtﬁhgeﬁlti?fbg' %@rgﬁm&}ﬂé&)gccording to

FIG. 2 in that an additional act 94 is performed to forih conductive
fliptehipdibdd of Blémps. Boanisotropically conductive material 60 may be used to

redistribute peripheral bond pads 52 in a flip-chip package 70 to a central area of the
die to form an array of locations suitable for flip-chip attachment using conductive balls
or bumps 100. The acts of FIG. 13 may be used to form this type of package.

In yet another application of the present invention, partial wafers comprising
two or more unsingulated semiconductor dice may be flip-chip attached to another
substrate of the present invention. For example, four semiconductor dice joined edge to
edge in a row may be simultaneously flip-chip attached to another substrate. Such an
approach may be used to fabricate, for example, a multichip memory module.

The present invention thus provides a lower cost alternative to the use of
conventional redistribution layers and requires fewer process steps with the elimination
of under-bump metallization. Further, the present invention also provides an effective
interim solution for wafer-level packaging in which cost is still unacceptably high for
low-yielding wafers and conventional wafer-level packaging technology is not yet fully

commercialized.



otherwise known as stud bumps, atop the existing conductive
redistribution balls or 25 bumps 58. This act is illustrated in FIGS. 14 and
15 as being performed at the wafer level. In this act, a ball grid array
(BGA) is formed on the active surface pariigns of the semiconductor dice
50 of the wafer 40. The wafer 40 may then be cut along cut lines 48A and
48B to singplate the semicanductor dice 50, as shown in FIG. 16. .
Optonally T G TR St B S A A TRt o e should
shawnharaydoerabpliéchouer thortimps of the metiua suwéacen duftieeclyaieproviding
40,.including exposed portions of the active susface 42, bond pads, 52
R R o R PR R of e
conulustiven -2y baltsorsbd mpstb 8o leetvdepacofrductheestipebipheahs @nt invention.
bumps 100 projecting therefrom. In act .96, shown in FIG. 17, the.packa

5 0 e T B eSS et oy O BRNEP6e
atteoi@dyal ameirnobiimiage SBteofcopadulctiventemmiional 6 hadsar6 mhdited and

substrate 66. The substrate 66.is shown as an inferpeser with internal
el A RS R A A A Pt SRR R R e
butfcasg efpdesthptsub sixHtad88imay dudetipriseradwaddrficapartidbwlafexemplary
anaqther die, a cireyit board or other electronic.compo In vent .
e DSl e, O O Rl Rl MR PR and
10 corswonising the othiensvademmabrsabibtharelshaped like 10 a wafer, singulation
may be performed following flip-chip attach 96. In act 98, the package 70
may be underfilled with a passivating material 108, typically an electrically
insulative, flowable polymer in gel or viscous liquid form. The order of
acts shown in FIGS. 2 and 13 need not be followed in a strictly
consecutive fashion. Thus, for example, singulation may be performed
earlier in the 15 order than shown. In addition, other acts may be added
as desired or required to fabricate the final semiconductor die package. In
another embodiment of the present invention generally formed according
to the method of FIG. 13, an anisotropically conductive material 60 may
be used to redistribute peripheral bond pads 52 in a flip-chip package 70

to a central area of the
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20 die to form an array of locations suitable for flip-chip attachment using
conductive balls or bumps 100. The acts of FIG. 13 may be used to form
this type of package. In yet another application of the present invention,
partial wafers comprising two or more ungipgulated semiconductor dice
may be flip-chip attached to another substrate of the present invention.
For example, four semiconductor dice @Wge to 25 edge in a row
may be simultaneously flip-chip attachedto another substrate. Such an
approach may be used to fabricate, for example, a multichip memory
mongléelt. ing?agIrlggent invention thus provides a lower cost alternative to
the'use ot ‘conventional redistribution layers and requires fewer process
steps withlthe elimmetiod fof tainteratugrpsametaihization.skbsthuee, dtvembly,
5 presoentripsvgntion also provides an effective 30 interim solution for
wafer-1evel éackaging in which cost is still unacceptably high for
lovipxaelding avddess anedonmvediional dialierley el packagingbechpadedyrised on an
not yet ful%i%%rglurﬁer%i "é%g - 13 Although the foregoing description
contains many specific etalré, these should not be construed as limiting
theagiaohia hthe prese anisnerttionl | hoomdecae dsyeravidipigsiiigistpdtiahisyoff laterally
some exemp| odiments. Similarl er en iments of the :
invention lr%(g?%é}é %@a‘é‘%bvsvnﬁ%‘ﬁ‘%{gg n%%%é%&t" f?o@%eqt%%nsc{)néze%? }t%reld having upper
0 present inushtioposel Srestenugatards framediffderent embodiments of the

pr t Invention;: in.combination. G t .
B by SR SO0, TR e
and their leget eafhivatdrisndatiier thembin entictegding esieiptiopndaltive
additions, eq(g{?et}lqg%t Elﬁcrf%wg}cgﬁl&)ns to the exemplary embodiments of

osed he

the invention, as disc ein, which fall within the meaning and 10
scdpaohgheictdinnsiabe ey deebae pady amthe condasti whanigselaimed
is: 1. A method for fabricating a semiconductor substrate assembly, 5
comprising:
2. The method of claim 1, further including forming the at least one
anisotropically conductive layer to comprise conductive elements in the form of

discrete metal columns embedded in a polymeric material.

20 3. The method of claim 2, further comprising forming the discrete metal

columns to have a diameter of about 1 um to about 15 um.

4. The method of claim 2, further comprising forming the discrete metal

columns to have a diameter of about 2 um to about 8 um.

25

5. The method of claim 2, further comprising forming the polymeric

material as a tape or film.

6. The method of claim 1, further comprising forming the conductive

30 elements of at least one of tungsten, aluminum, copper, silver, gold, and alloys thereof.



providing at least one semiconductor die having a plurality of bond pads
formed on an active surface thereof; attaching at least one anisotropically
conductive layer comprising a plurality of laterally isolated conductive
elements disposed in a dielectric material gnd having upper 10 ends
exposed therethrough to the active surface; forming a plurality of
conductive bumps on t t least. one anisatropically conductive layer
with eachsc'onduc |\?en}§?ﬁﬁ% ?r? S%h%g %vlvlu']iﬁ%tl ech%%b eatct%#drﬁ%'?\l/%a)(?em one
elementopibalylvoality tard fpenin thevaaibo sud dve tiyeanditehoad pads
and the conductive bumps. 15 2. The method of claim 1, further including
forming the at least one anisotropically conductive layer to comprise
conductiv8.eleméhtsnretiinel foir ol api disortherrmetgircohgnns embedded in a

about 15 pad4.ohhesmrétbothakolaind, further comprising forming the

disgrete metal. col to have a.diameter of about 2.om to abput 8 m. ..

25 B PR S o i 3! e e S o e A g lleaicy of

material as@niapkepods$iim. 6. The method of claim 1, further comprising

forming the conductive 30 elements of at least one of tungsten, aluminum,

copper, silver, gold, and alloys thereof. - 15 7. The method of claim 1,
10 further induding ‘Bhaokitydnd abisast bntheaizopopicalyleanguidtbaibstrate to

I [ dhesi : ] i
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further'comprising: cing the at
sulpstitaabwefeing a plurality of terminal pads on a surface thereof; and
forming wire bonds between the plurality of conductive bumps and the

plurality of
10. The method of claim 8, further comprising forming a dielectric layer

15 over the at least one semiconductor die, the bond pads, the conductive bumps and the

wire bonds.

11. The method of claim 1, further comprising attaching the conductive
bumps to the conductive elements by at least one of high temperature, ultrasonic

20  vibration and physical pressure.

12. The method of claim 1, wherein the conductive bumps are formed on the

conductive elements and the wire bonds are formed by standoff stitch bonding.

25 13. The method of claim 1, further comprising forming the conductive

bumps and the wire bonds of gold.

14. The method of claim 1, further comprising providing the at least one
semiconductor die with the plurality of bond pads centrally located along an axis
30  thereof and wherein attaching the at least one anisotropically conductive layer
comprises attaching an anisotropically conductive layer adjacent the plurality of bond

pads on opposing sides thereof.



terminal pads. 10 9. The method of claim 8, further comprising selecting

the substrate to comprise one of a circuit board, an interposer, a

semiconductor die, a wafer and a partial wafer. 10. The method of claim

8, further comprising forming a dielectric_lager 15 over the at least one
semiconductor die, the bond pads, the conductive bumps and the wire

bonds. 11, The mg(hod phelaim 4, fyrher compiising AAShInG e guctor e
conductive bumpsetg]tehe conductive eléments E)y at [east one oIPhlg%
tenepenatises auktagsanid ud i yib pdticdi e péysioatipeessiice, 42d Tivéher comprising

method of claim 1, wherein the cqnductive bumps arg, formed.on the. .
co g S S B s T S R P ifcent dice and
bordingdia§ ¢ GrHeematiesdhefatieiwedn further comprising forming the

conductive bumps and the wire bonds of gold. 14. The method of claim 1,

further comprising providing the at least one semiconductor die with the

plurality of @ond Pphelsecdnailyclovatéd alograndwdsnidtihgreohgrsdmiconductor
wherein attaching the at least one,anisotropically conductive layer

Co e T S EOREHE RYEl atone e
plubalitydefibond pads on opposing sides thereof. -16- 15. The method of

claim 14, wherein the at least one semiconductor die comprises a wafer

including a plurality of semiconductor dice, and further comprising

10 anisotropitally cdinduntitedayeckivetlvéenheiuralitidmpbbovidipadsat least one
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adj | . extendi r ies.ther 516. Th .
e T e 0 plurality
theofveferiamd weveding the avikoteopipaiingorpluctiviey lfyssmiatonigdies dice.
boundaries. 10 17. The method of claim 1, further including providing the

at least one
18. The method of claim 17, wherein the at least one semiconductor die

comprises a wafer, and further comprising severing a plurality of semiconductor dice
from the wafer after forming wire bonds between the bond pads and the conductive

bumps.

19. The method of claim 1, further comprising forming another plurality of

conductive bumps on the plurality of conductive bumps.

20. The method of claim 19, further comprising:

placing the at least one semiconductor die active surface down on a substrate having a
plurality of terminal pads on a surface thereof with the conductive bumps of the
another plurality in alignment with the terminal pads; and

bonding the conductive bumps of the another plurality to the terminal pads.

21. The method of claim 20, further comprising selecting the substrate to
comprise one of a circuit board, an interposer, a semiconductor die, a wafer and a

partial wafer.



semiconductor die in the form of a singulated die, a partial wafer
comprising a plurality of semiconductor dice or a wafer comprising a
plurality of semiconductor dice. 18. The method of claim 17, wherein the
at least one semiconductor die 15 comprigges a wafer, and further
comprising severing a plurality of semiconductor dice from the wafer after
forming wi bon.ijﬁ between bongd pads and.the conductive bumps. .
19, The nnod o EIIE R Lo T ot e e
20 canpustive Waimpadnding plphatdytpbEsaductndndiompse 20d THeesubstrate
meégr%d r?fe%lgiw gr’—guqu %lrllg: {Q erislilrzigfu%ﬁlgri% therig'tnlegi%t ?Jla%n semiconductor
sericanductor die active surtace ‘down on a substra e‘%avi%g a ﬁlurgﬂlfy
of dimimaiphdsvalfeasurfagetheréafimvitie thefcoscilctivesbam p8aftiieecdd@uctive
angther plurality in ali ent with the terminal pads; and honding the

5 o B e RSO 51 The
method of claim 20, further comprising selecting the substrate to
comprise gne of & circujt boatrd, an ipterposer, a semiconductor die, a .. :
aler anda- 30 At R0 O RESEL AR St
theuvatlefibt naesdrhaterduthoratiieatomp sisps-andederrids udih tha plosatlity.
of semiconductor dice and the substrate comprises a wafer-scale

substrate, and further comprising singulating semiconductor dice from the

10 wafer and2degmdiis ifirethrothefl wiater-Edler theb strangriaftey thecoogdbetverdity of
bu er plurali e e termi The. .
e ke o i
matarialibleteengtheledsleapoting of wiichod tutsodikictng thempshdithesanbther
24, Ln,g Q 81595 %1@?1&8 %{rther comprising covering the plurality of
co guct]i[\ggtf{)fmps,%e bong ads and the wire bonds therebetween with a
dielectric material, leaving at least a portion of each of the conductive
bumps of the another plurality exposed therethrough.



