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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
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assemblies. _ t gﬁr 1ﬁﬁ(vel nown, the
manufacture of semiconductor devices INvolves 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 fabricatemﬁa%%ﬁ%e% components such as
transistordiiahdioctbresinvesisiorsBredoapacitos)taihopktabyeoentgdtedi¢dabrication
form-a useful device. The wafer is. 2Q then subdivided ta form the discrete
s B e R R ietnoas
sermdompactorsdevicds mbyting prowd 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, lea rgé élig ith a large number of
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input/output (I/0) terminals for signal transmission, power supply, ground

(or bias), &tdetedtitgAThete asdiblerowwahtimuingfastion if shamierhdktejotalevices
enk ' ity 0 | gey I€or devices m
L e el dovipesmay be
malaprigaicdragabinnehicling @t\b@rdmlbdubsmﬁdr?ﬁ_sﬁgniceddmié)wimaterial such as
p?‘%hﬁ&%," PR ARG RR.CRNAGRY SlaRpRRL STTRIEUMaAUS RARMILctor 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, ot g “m'%%r%fr ad{m'%r&é‘LOXaf)gnsd h20eAesangd formed
to be cpo ctively connec{r SRinars of a cAtfier sUDSatE SHE H

an uﬁtﬁmmmoonmalubmmum aﬂiepanlteameafei@mnmajﬁ)@mxwﬂmhmhycnnnected to
corre the Iocatl ns of the orrespondln ond. ie.
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clowﬂnnaalamfadtmﬂyrd&ﬁobattmbspem to thslipstiate. ofhbs cifrtiegponding bond pads
L oA BT S AE IRUFIP O R AR may be oo
part by wire ‘bon INg, as in a dense water-leve -scale packa

diffidost thiactielrettire diesitedtadnnedtiom wbmmcrﬁhsm@f dendpagyictive

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

whic ad to a higher frequency of s ortlng such ein

by desire m@ﬁlc@m weptyc plopodedqackabEschive &lenvgr@atéesm@m b@nsectlon
of bo d into smaller.s ie. . with finer

(:onventlona?s|b§1n%f?ge)v }gélgﬁtler}?e lt(c))ggreeglttafc(-:‘wl1 S E Xonfl ugrggt%rﬂlg angle,

to ednefuetivch arendcod amdiigipodequenthieft sbbtttr@;eswcb afbylaiyrbennﬂsced by

att ggl%(plt%‘iage }{A)IH égn ég&i%%v? ton 3 {RR%T) 'ﬁrﬁﬂgg’%ﬁond pads

pac ona er Ie mlconductor package
10 peithed sty kR TACEs depictetd fmnPrripitohrt FIG 1. The package 10

Comp”se%%F IGBRAYG 85%? % h ﬁﬁ%‘éﬁo J@?fﬂ@d%‘ﬁ%

backside 28. T e package 1 es a ura |tyo conductive
padeniizorties tctvedsaifecerd®, foprcawylemhermn ahseriphgralc20c., by dlrect

15 ATARASMRRE R A'ON A BER: Eaﬂf]eccﬁ&'ir%hﬁél?ﬂ? B RAKAAGA& to the

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

bomdgbage 14 ¢conpeotentehndisielstridaitynigsniitelonpasstige tmadealgngle RDL 20
conyqpionay ﬁ%&DA&CIEY@“?esrﬁ‘e'B%Engali'@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 AdrakirliZ8iohhe 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 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



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
Iayer and & et mgolaxﬁ ‘i?r}%% ?& Tterngedlat a}{)%f? dn 30 o(ritllllc 12 areas in
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ol m on ayers m use tervening
passivatiovialayenss %dammmmaMmqucbsmb\sianaww,lmwplmyer are
steps of ad'sswﬁtl(%r;uS({/ osnpon etchlng metallization deposition and
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escribed m t
etching are require Stions andslmprovements of the basic

redistributi®n. rﬁetathiﬁmdﬂé&@ﬂar@ Idebarlive dénctifee ol lmdinigi befere figas: which,
U.3, Bgiet 'y Q0B % cf‘soa‘i’so H?P%@?Eé’%r {1088 3JASHERULAN [YET: iacted with
which, n a ition t ds alsoin es separate test pads whi 1}1
magabeleantaotbd letdlelO Earrhlteszqraqdriskﬁetm% lessir Baekptesivpddid pad so that

Sity § %ﬂ%‘i‘&asﬁ%?g% aﬁt’l %%E%%E?Efg Q&PQB@ c%&t?l@%r(gregdmﬁ%)ay%%b&sed to test

card apparatus an S may be used to test
serthicondistodwtvickveithertber tretho hdndausl{idoaaviieeBomded deiie)or on the

or pn.t ‘e?dst?? rpaaﬁi& d"’hQ\'ri ed device). In U.S. Patent No. 6,536,653
of Warg eta a method for mping and bonding 15 semiconductor

packageshs‘dléclﬂment Nop.%, -’Piétéﬁﬁ NOWG129 4562 0fetbast &lr hewvegzikgznd bonding
mug ﬁg&e %%%st%r gla %Q attachment. The package is formed

of ap ura ty of |p scale dice, wherein the larger die uses a

bump padedlitaibntidie.1@y2itiopFoniHg tieldicadns a fiwlohippmeedvée. MOCM) for

In lfliﬁ—'c %“éiﬁ&%%e@fé%é Jp%&fagéj ng&]h?éd S‘ff!;{ 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 vial through an insulating layer. 25 U.S. Patent No.
6,433,427 of Wu et al. teaches a wafer-level package having a

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

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

pack e, wh rel the are ndera
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nea e above

yerg[omt% 3 arge y wire
referemwar@he[brdmdvenmdmmbmwmm@%wuhwp Beypipatdradghiring

mu|t| osition an piching steps nsive ma Ies are,
requwedf dﬁﬁ dir%ndnﬁ)p m%ctgli Pza?t’lgn K%D) will al gaol be Srequf?reél atthe o methods
redistrilvoted BdMd paqill&atmysyradehﬂggcstﬂm avéral Gost cmmnm@ and

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

for epatalpleedimeshrinkde alhsm@' Theapitsll ieniestreptogiltthenigosty dds not been

Th?uﬁ‘zﬁéﬂﬁé‘&%’&t@ec%{%g%8}'{9@%”0 Ok ﬁfi’l?&?n B4y dain tﬁ@lv Jnd not yet

ecause conventional RDL tec ogylisre atlve ew an yet ully
de\fe]bp@@emmﬁeranéne |§13t¢bstammnn@bmganpﬂttylbest\he@v‘ﬁcarmmanal pad

pabﬁueﬁ%f&f Hf@é{ﬁa” s%ateé; §ﬁ A ﬁgq@@% Itcgﬁ@'@@@@w S84 Cmultichip

icate multichip modules, an dice emp oying

co mn@duionamdl:smciethmld)@gqh plodics anployies tommimalopabiRJtHasiaylsgy. For
Co%i% %?rﬁ%%t‘@%d%ﬂ&ﬂ‘m‘ﬂ ‘Bre@o%&?&%?&ﬁ%' Ial%Hm) @ﬁynp Qvhereas solder ball

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

pa@(@@é@ﬁ)’sﬁﬁ@l@dfmﬂmm binandtalkizatone.theodids late Oypiaally
packagediprior 10, KW CoPFRIG K GRA JESHRA 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 semicddth(Ctdp PaBkAOE WM NG redistribution
of bond pads. It would belstill further de iraﬁlt%to rovide an im rov%g ad

redistibulbN Fthod ALl f0r ERLACAle ICRID SErEaRdUIGr o0 o

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

0rm1n§ 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 avioichtimange of one

fﬁc'ﬁ"rt%%&%@éﬁ{gﬂ'ﬂ)%usgmﬂ%e%l%%%&“ q3 é‘r%%%P"ci%'he%é’rfl;ﬂrg"&%oﬁgdrﬁ%é‘ﬁlg%n array of
with greater ease and economy. Mor€ particularly, t ods oft

e'meth e
preseniuigivenbionzvoliithevese of arEicometorelyadisssibutibes metatlingtiore or more
215191, SPNER{INg. (e PANGRALS 19,0, (LR SOOANGHE BUTRS: TS a1so be
invention applies hot only to assem fés inclu Ing O e of rore ICe, suc

as emip-scaleniteribamoe dtheckagesrahid tflipdshipgagkaged absenmhéiysalso

be 10 e yed icati ther i tor di ck : !
assemblie SEC Ao op e b A S By AL PRREARERAN conducive
anisetaspicalyocsmametiVe tamatdrial Zaist dmmmaniy temera dediszedigdilmpad” to

as AR AALIGEIAIPUIRR LAL: IR ISR IteIMBRIRLS GNASTNE 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 qfézigmlly 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

arr ductlv metal c Ss. T .are suff|C|ent laterally ..
seggr ated t6 avo:g thﬁoﬁl Q anls&(ﬁro%}% Hifn o Pape 1S reaQ(lﬁy COXIphShed
ad lveﬁmm;l\wnaohehbtplmmmpmwmmﬂmuwlayém andsconddstiveed above, the

redistribution balls af bumps, may be easily [I_%ed 40 \{v}%tc ehERIQ:8 a5 or

anlsotsroplg alerfirallaa anyslocatlons fﬁereon e cohd

redistripsitiary ballmoddslian ps}almahen tenerectdthts, they diejliosrdepadis loynventional

the well- develnpaq conve nal method ofvgre bonding. Shorting in the
un er—bum etalliz ﬁno 0 s avoid
x- and y- axes is avoi € comstruttion of the anisotropic material,

and short"ﬁ@elprﬂsemmwenﬂ]om Beoisraupates, by tiddidienpheshadioreiayer

underr}%‘(a ! uce fily i€’ agg]ee dUCtd i{edlg’st rﬁl utlon %al%s tl%)r br%réngaipvelﬂlon as well

semiconductor die may gle ele at‘thﬁ?, Attached to termina pa
an@ﬂieghclbktvataslntbh®amwmmmserﬂmrpxmdn@ard¢rdlenpackage or

wafer by wjre bo cf%t(?\; é%yofbt}{ reSQIR %‘%ﬁﬁ Sln noc;pneerapparent to

ball or bump - rme ereon at'the sam Iocatlon IS fabrlcatl
prabess mﬁaljabenabcmm phsh@ih withidontientidrib¢ eguipradataurtiomihe

us%g gst s&;x“/}ls Qot&g ﬁgﬁgcseﬁ &4 a{yaﬁyoplc material acts as an

‘areal re |on pa to w IC uctive balls or bumps may be
bonded at any location thereon Thus, any requirement for conventional 5

under-bump metalliz_ati § W%R YWF%ngventlon

also encompasses, in additional embo ments semiconductor die

assemblids dreddpaekeyew fadirideped ofdnglpresermadiraenisviasawells fstures of the
hlgfg]x%'ééﬁy g%g\blles incorporating the present invention. Other

features an vantages of the present invention will become apparent to

10 those &f6kill inatvecastniouyi comsideratgnaot Wieshsuingldesorptighictor
géps %}mﬁﬂﬂ%ﬂr@ﬂ%&gﬁ’r@éﬁgt}hﬁlﬁl&pﬂg@??&I?e'ﬁ%*?it%ﬁi@:solder bumps to

TION OF DRAWIN
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 conductive .
.81S a PGI‘S]:E@V% View an e ?mg aré/ SCII%ICOII uctor yaier upon which

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

semidsnihigion waidnafwhdumpentiofocoadprisingda pfunakitytropfeldticat@ductive

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

material o € 1mventio . . .

of a portllon of an exemplary semiconductor wafer of the invention, as

taken alodgding i4-¢h @hFige BrRB I 1ibrigl ameentdrg pdrpenspestivecwmglary

of an Sxemplaty anretepicaly HBH&&g%‘&%&%&%%%‘@%g&VG O g

in forming a semiconductor package of the invention; .b61sa

perspediiveicaly ohdnaxemplaryas efritcomdgotomwal erkgpehonpiche 8re of FIG. &;

attached figids of niseligpicaly, andyetive materiol oL e SN vitn wire

FIG. 7isanen argedpcr s-sectional e&ge View ofa portion of an

exdmplagpeentiogakbtordvatsrtopeh sivihioh areatdached Hielfs of the invention;

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

7 ot P ot P R S RO oL PR iptary

sersiigonadubtoowatdeiupch whichoslistitnetiongedndweiieabsimpsdaseibution solder

f°@1%‘!?%{'ﬁlg%n%few&QVﬁ%%?%ib’nrgqlﬂ%uﬂl‘{? SPRtpriglpr the invention;

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

semicondbititorl &aferpaitipeeiistritatioh aosrdueplreymempfdueied dnyice formed of

fielgi% ?ﬁvg]g@%%tr%i éﬁ%( 59 ld%tévg Cg]&t&f@lbg{rmg invention, as taken

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

semicondbtittorlWatfer flvith alvive showdrzdbagentina adie bbig pagstion used in

R

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
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ads to .
redistfiBUtion conduchive bumps. folowed by f%rrmati%‘ha&%%%gﬁ?ﬁlﬁﬁl}ﬁﬁs?“ducme
atopateei atetisswiedtiontioo padctgeenbdthps, casitaked @lomgHimel podi Hidthe die by
FIG..14:; FIG. 16.4s a.cross-sectional view of an exemplary, singulated
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fliprethigirattachnbentfie maydreipesobstrdi;tbneh #iE levelis Bhe resulting assembly
cross-sectional view of exemplary singul t.dgbchi -scale .
B R A RS B mer packazed die. a
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.M ODE.(S)P!EQr%&é (I)QfYaI N%e- ggd-arltllgsle%\{é%ll\lngg{ Elléﬁg%%rgfs&l tinv ntion may be
Invention, a redistribution o contacts or terminalS Is achieved without
fordvsgibedomentiomangdisigingtidrstysbtowe habiagkoneldOmbrdiach of the acts is

oAU 1RNRI, RARREF B Pasgiyaliopfayers. In the present

invention, an array 5 of conductive redistribution bumps or balls is formed
on an aniotropigaydorfd(otiehermterialdispog edvare thengaltkagemaedductor

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.
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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. Fabricatjaon of a wire-bondable
semiconductor package of the invention may be described as performing

the generqlhact ?_lgecskg I %on 0 :ie}lcerlln‘ijsf IPe acy2 I”clill% 1ve materlal 60,
in one or more O)% EF&E I’OU urning now Ci-Plléa (fﬁe

formwtgea wmmbmﬂdaﬂ)lg smmﬂndmﬂumor tdfe phekaged/it Eié‘rr(ilrttbdmeeﬁlo Such
from 188561[‘%%:1) aﬂ}/ thC r1a ngJOWIn?S(?: a('g\tﬁéo e 11’1 ea?PXéJSCZOEIl’ 1S tape or

wafer \bcate uralaty o] IS provi S

herebxisHe teaml' mﬂccmmﬁmwmmtmw}cmm/én’ﬂcmm sificparallel to the z-
Waf%% Sut alpo,PRer BulK SHPcStf §f FPmCopguGtive 5?‘%‘&85'6" SUHLER, one type
gallium"arsenide andfRdiom p osp afers as well as

sﬂmtﬁnamﬂnmltaihr ¢a@l)sivostratias)| 20 angxemplified bmmcmp@ﬂﬁghaskltwe

se 'p] %r%up %gatfes andh§mC rfcgple?eghﬁrl O(Sgléq a rePSfK/ae esde S€ pFlttern (%f parallel

uctor ?abrlcat with an electronlc circu
an éotelpciteel roimdl mlmmetsnm nsambgddeg|agneratbr pﬁfﬁh@&hl@)@dM@ filen or tape
40 a backsi 4 a urf contajnin lur
o o A BB R AN A ISR SN AP
eacyp@rlelECHmwlmgrm padternal 28 Gf copalyitiide borthpags! $R¢heldsrronductive
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52 are shown surrounded by a die passivation layer 5 ctrica
insalate zud, enpironmbetalyldroredioie thetnd sudfarpoded meedgm@nands 81, 1i.e.

of &2 A gﬁé{ 5%1%& gie ot_}%%r?n‘i'&ﬂ Cgﬁo}s:g&lll@l?&l\;e mgﬁ@%’*’a%é

lines 4 respectively, parallel to the x-axis and y-axis o?rwa er
40 crastiettivdlymips thiH Bl exantisl obderdi tp dlis Buarasarkalpenizbmy areferred that

Cerﬂhﬁ%&ﬁ‘ﬁé‘*ﬂf&aﬁﬁxg& 3P pHIBPHERANO %(J a!r%?e‘?%ﬂﬁ?fv Eﬁ&%l‘example,

periphe arrayed bond pa s 52 will' also Iscussed su ently
-0- mnehqré;atweszhﬂmz]esrappﬁcﬂmm bt amahﬁswam@éllwym@rmdmed that the

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

FIG. 5, to die 50. Such anisotropically conductive materials 60 are also
kn@h Spaghegind 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
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
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
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

metg| elements 74 is embedded, generally passing through.the film or
o g e s S R A ARl secure e
polfineronGasiitd typideity i viéye dicicnnasenalpslizinasnpgl vionige @ othemoplastic
polymer the,epRduStive. mstal.slements 14 may o colmAS [r0ed Sonductor
for example, a metal stch asl%unggten, aluminum, copper, silver, go‘?g} or
allaliseth@reph dndfappdsedat dfidratpper ends 81, i.e. on the upper
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conductive bumps or Dalls may be bo e columns. It'is curren
preffempd $Ratrd blicedcaiutmnansbivepioathe dooflgalid e Thearcilibdmuibimetied to the

79 may vary but, for exampl ay he between about and about .15
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73 are preferably i Se that a plurality of ex calumns. 74 will
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more column e exposed column upperen may occupy o
a sphaltportionagfihbyuppeanapeablefacthdd winmchstillldifeotihelp akds ain tvaps in

Co%‘éyﬁ?gé{ffo%’{%? Rl Ralls. Me%?éﬂ?lé&gg;@él?&ﬂgﬂ@gb nsret; dhe 12). For a wire-

anisotropica yiconductlve ater own in FIG. 5 with'an 2
adbesilablaperkgesiibihgsed probstia senditivey abhé sivbumpdoorfithies may be
backei . S die. hgioe .

e RSP % pace 52
appietiawace 82GS.the adid phsuidationllayer By sanblemsousafusondormation of

padg 52 'hli%glll_g%a RISHRIBIGESINGIG GlONoRlE SHIP A & 41001 FPR;01 .

anisotropi conductive 30 material 60 may be applied over adjacent
portions of elevrowshs plrseBonaadd derding afitedineibndenlgirglvesites dls or

Whﬁﬁ'{ﬂB? _§§HH(EHQ gHﬁEREdB&%ﬁ&%‘iﬁiﬁ'&@%'ﬂ{&@nﬁi g@?t}?evl%'aﬁsq?ﬁ)tu% conductive
anisotropically conductive matérial of the film does not have an integral
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.



W

10

20

25

30

-10- adhesive layer 78, a separately applied adhesive material may be
utilized to secure the film to the dice or, alternatively, the insulative
polymer 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, reqietripufion, conductive 0als,of BUTIRS P8 2t placed o e e 1o
anlsotroplca y condu Ve hatenal 80 ahd' bo %1ed tot e expose column
uppanendq)ads(ﬁ&bﬁlaowhefmpbbemé@bhoatp presboge ahel/mbsnmminay be an
V|bra{|on as is tlce aJ,gavvevnI,Jonzzlarlll t|n thgmvilclre(l? Cr%g}ncﬁ

FiBution con oﬁub?\ye balls or umps may & Tormed
appligabieid oomgiaikngyAsandustratedtly Bie .praferdbiy gald s&nmtmmdumor
robusigoldyiniermetalic, bands wih, aeld columng 74 I 116, SBISOORAN onded
conduciive material 60. Bu ump p acement may be by any applicab e
memuﬂlwhaﬂpwiiil (BBrnﬁ thshalistor Hiidypséd, tesité? ibeatiserstir may be protected
SURSE Omm anOth?asalé%Stcrgtgu ngFIVCéI‘ &126)8 Folrcgn\ﬁ'uce[o ?)bwue
paclz/ag)é) tﬂe reélstnlortljt on con ive ball of bump ocations ma
15 baidsted atndpmmdelmgdscﬁ&dﬁywm&feiyrmtdh@j mwcetmmldﬁlgvuhnhemoldmg,
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the su sequent ormatioh ort Wit
subsgliratec @8] as aopictaddpsEl@t.12. Following the placement and

bonding of i ‘ﬁ%@fﬁ'%gtﬁ%@eﬁQHQL{EEV?%%&R%&PQ&F)§ 28 AN 1o use %ldth singulated

anlsotroplca y con tive material 6 e redistribution conductiv
baltsrorcbndwstos8iegebirdionudktidio grot @ gs, mompmas&ma&@bvafers,

ilﬂlseﬁég 8 gnd&gﬂgﬁgﬁ&b%%} ég}%H%hcﬁgﬁle% t 3{/%6%9 1t ¢ §¥8f%{gh%%¥l¥% invention,

matbnl nencantbe (ﬁgﬁEilﬁd?lﬂllgtl@BWQﬁ@MIQﬁ@Q@W@@H@M@U@Wﬁ? be used in
&%&8&%&&%’&53&’( f%%%g %\/ﬁ%ecgﬂﬁaecﬁ)hg:%@%%gg chlé%cent dice of a

con ctive material’60, form a ball 102 on eac bon
thepar@obvaaferf@nnvallsmmcpodmwﬂnmeu@m $eridnstiber @ohomm\ferttawmr more dice

bum&%ﬁfé{l caddlitian, th Q‘Sgﬁse%ﬁ%‘?}g}gg Iggﬁyapgvﬁ§gd for final wire bonding

of redistribution ¢onductive ba 58 to another substrate 66, e.g.,
an interpobee Uspefrraieaite8saidystoncas coniigy aleOl afatsalveiy edvantageous for

lin%ﬁé@ﬁﬁﬁ@vﬁ%@ Ité:huiring 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
package 70. The method of FIG. 13 differs from that of FIG. 2 in that an additional act

0? c1rcu1t board or other

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



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

industry. 30 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.,jpefore singulation. -11- In act

90, the redistribution conductive balls or bumps 58 are attached to

termipal pads 68#%f nother suastrate 6 by wire.bonding. T ubstrate
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dietharefitowit board or other electronic component. As illustrated in FIG.

12, a chip;scalg,semicondu ﬁb kage 70 has.been forme e .

metnod O e e WP s Heuie ke B 18 P e e e i bats or

sulbstrgie BB of geckest, 70 act 82ithedassemivtpmian gresprotesiadudiive terminal
application of a ther astj capsulant oyer the semiconductor die 50,
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or potmaldieglicrtynsioycalléd tgtobnapigncapselation techmigo@spads 106 but, as

applying a,viscous, flowahle 10 silicone or epoxy.encapsulant. It.. -

o T O PN SRR IR i, a circui

sinhodaded wbeniclonttactocaicpotsunt tHattheudtidie rsuhingsispriwetinesfer 40 is to

known, as “partia fers," I enefit.therefrom. F xample, in .

S PR U o N8 5 SR AN P LAPTIR A shaped like
10 balisvorferumipsuddtine prosenpénieentiorfotiay be dipanplatadnifnction

with "jumper” d.wvires ' n ' ice. .

ol w9 dEREONNASANG R RAHAC SARETAHGREL Baceral 105,

or typreatljcen aloriyictdlyaramgsiae o singld ccpierof ithe gedxial ipesfey lihisl form.

use of anisglrapically cOUANGIYS atetale, 60 18 3le0 YepARADIAGLAR iicuy

for flip-chip devices requiring redistribution of 1/0 locations for a ball gri
arregnB Gy 2 trslinfigukhtio HoTeragtks ini igringnsmeli beseniimormduetdier in the

15 PACKAASAE AN 1 E&Eﬁtﬁ}lﬁ ’o%%%%kgg g?é%%oad%gd %ﬁ'd@ﬁr&{*&%ﬁgg%& to

the same as described for the wire e package 70. The met
FlGabrs-ai¢fére franhstaicondugopndie prskageadditional act 94 is performed

to form capdycie Uimmlamals kDRS00 ANSEATO NS Tdrding t

bumps, atop the existing conductive redistribution balls or bumps 58. This
actthe 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
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 unsingulated semiconductor dice may be flip-chip attached to another
substrate of the present invention. For example, four semiconductor dice joined edge to

25  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

30 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.



25 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 48A and 48B to singulate_tli¢ _semiconductor dice 50, as
shown in FIG. 16. Optionally, prior to singulation in act 88, 30 afurther

dielectric Izgﬁﬁéjl%ﬁttﬁh? %goméyd(?scrl gg%g et Qomons of tgc talls these should

surface 42 0 wa er xpose pOI"[IOﬂS O%p e actv

su MBch@mmdqmdmﬁﬁn@msem«:ﬁlthecma:dummemamnhhﬁfﬂ;ewiiyaas providing
nlg glt%nd r dlstrlbutlon gondu m%%tsb ls kium S 5§ g\ gms of the
conductive |p ch Hbeﬁf% orbu ps 100 projec ng g therefrom. fn Act 9
shomnnﬂ @Gray betevpadkabely Gasineped Gnoh tthe tk:ppﬁnﬁ 1baltsezs|ent invention.
Xehad Ol RAAckage 70d"’r§e altach S'dtl" 3 minopimagde 56t ol o be
con uctive terminal pads 56 on the substrate 66. T1e su stra% 6618
shemplascinintenpgosetoithlZue smpcmﬁlthwmtbnanonsLajzereim indicated and
terminati onductive. t rmlnal S. 1 ut as
U B G et LR R e R Sl e
bododcgointhdeseleptianic®dbaddoment. deldhensyant thaditheumsiniguletesemplary
R T %ts S‘fft'h% B éﬁﬁnded i &Pﬁ%&%&% 8 %&%’i‘s'%%’}%hﬁf ning and
warer or su strate S 0a wa er, singufation may be perfo i
10 follmp@ﬂlm@hlmmﬂmaﬁbﬂwaﬂm&b@ 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
20 die to form an array of locations suitable for flip-chip attachment using

conductive balls
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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 presgnt.invention. For example, four
semiconductor dice joined edge to 25 edge in a row may be
simultaneously flip-chip attached to an strate. 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

co leosncﬂirnelgéftgi‘bution layers and_ requires fewer process steps with
the elimination of under-bump metallization. Further, the present
invention &lso prévideb@hfeffetineBiintenmcsoiuiorr fobsiedieraeeelbly,

pack%;Pi]ng. In which cost is still unacceptably high for low-yielding wafers
(0) I1S1Ng: . .
and cohventional wafer-level packaging technology is not yet fully

copmertiatizetasti@Altroughdhetdorkgbingngesphptiory obhtaidpadafigrmed on an
specific d%%i{]sé, Stgr%)ggeﬁngr%ldf, not be construed as limiting the scope of the

present invention, but mere?y’as providing illustrations of some exemplary
emisodimenis | Skhilaclynoitterrerabpdirndwts of lneriovmptiomgraplbeility of laterally
devised wigh, dp gk ASRAL M 15, S6AR% 9 G BLEROLINERTRR Raving upper
Moreover, features from different embodiments of the present invention

may be esngioyauinddbmbihatigh. Phkeswope afrflaecinvention is,
thegefore, indi mi e ' thei !
g B e LAY conducive
deletions,layet micklifishtionsltstive kemplanntachivaidinideast oihtheonductive

invention, e%ﬁ?&‘stﬁg :ﬁ%%?iﬂ Mﬁi&h fall within the meaning and 10 scope
of the claims are embraced t %’re y. -14- CLAIMS What is claimed is: 1.

A rfehots forfabeichting veese thic bndd eastssuldstira teondsetimb [yungps.
comprising: providing at least one semiconductor die having a plurality of

bond pads formed on an
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.

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 ym to about 8 um.

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

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



active surface thereof; attaching at least one anisotropically conductive
layer comprising a plurality of laterally isolated conductive elements
disposed in a dielectric material and having upper 10 ends exposed
therethrough to the active surface; forming 4_plurality of conductive bumps
on the at least one anisotropically conductive layer with each conductive
bump in contact with at least pne.conductive .element of the plurality; and
forming wie bon L UBRAERT 0 i A o T B A DR Cone
15 éhidhepiethpdofdieive 1o farthethinattidingpféaceihg therdlideast one
anisotropically conductive layer to comprise conductive elements in the
form of discrete metal columns embedded in a polymeric material. 20 3.
The meth8d of clEn¢thithelr dempkidinghforeningrik@gliscrete metal

s colpmns anays.a diameteriof about 1,pm 1o, 8beut 40 m, 4, TS SO erminal
of 8&im 2, furiner comprising forming the distrete metal co s to mave
a diametepaisalpous @ pre theabdunsdm. 25 5. The method of claim 2,
further comprising forming the, polymeric materjal as a tape or film. 6, T
e g e S TSR0 04 e Bl o
of at leasttomamfl tpavtysten, aluminum, copper, silver, gold, and alloys
thereof. - 15 7. The method of claim 1, further including attaching the at
least one anisotropically conductive layer to the active surface by an

10 adhesive. 8. Thelinetheiwt efalmim, fuftindecoomppisimg &lektoigghtheubstrate to

I I - di .a plurali terminal
S AIRASTIESAUIS .0 SRS g MBI L ST
comduarivediermps and the plurality of terminal pads.

10. A method of claim 8, further comprising forming a dielectric layer over
15  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.



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. A method of claim 8, further comprising

forming a dielectric layer over 15 the at legst one semiconductor die, the

bond pads, the conductive bumps and the wire bonds. 11. The method of

O et oS AT e fond v, RUTBSIO MG ongyctor die

conductlve slements b éast one of hlgﬁ emperature UltFaSonic nﬁIB
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condys%%e u ng fl(/m on tg SN ur%'lv? egﬁ%ent and
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1, ﬁurth&hngmmshnglﬁummgwr@wvmctlve 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 dxis 30themothaddiviareihattachen gitieda ¢easgdneng Semlconductor

anigolropically. Gondugtive laver “t%m&’l{{set%oa“%ﬂ” %nadﬁca%{‘v'%%ro 5 joxg the

conductive Iayer a acent Pihe ﬁl%l F of bo r]i)éc son opp05|

thebeohdats.15. The method of clalm 14, Whereln the at least one

semiconductor die comprises a wafer including a plurality of

semiconductor dice, and further comprising anisotropically conductive

10 Iayers betiWeen ﬂhmﬁﬁ@@df%@ﬂuimddﬁmﬁadjacmn&qu@hdi@mwrhgist one
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|nc Ing smg atlng semiconductor dice r hehwater and seve |ng

anisbsropicaijuctmdlictive dayeier atonpritiag bmlnméntﬁeg.f sontigochistor dlce

method of claim 1, further including providing the at least one

semiconductor die in the form of a singulated die, a partial wafer
comprising8a pluiidiitynethod of claim 17, wherein the at least one semiconductor die

é 0% cent dice and

15  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

20  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
25 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

30  partial wafer.



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 comprises a wafer, and further comprising severing a plurality of
semiconductor dice from the wafer after_feming wire bonds between the
bond pads and the conductive bumps. 19. The method of claim 1, further
comprisin? form| anotﬁle({ 8}u alit ﬁ 29 con l?lctl\{e bu[m S Orr‘rﬁconductor die
plurality o cond ctive bumps. e’ metho claif 19 farther
corpripings [l acGifey ﬂmﬂmiﬂmphmelsgmﬁ comiluotdndie dm:wmduhmwstrate
dovcv(gl on.a substr te Qa \élg}g%a[rgtlura Vi€ of termlnal ads 8%1 alg irface . onductor
thereorwith the ¢o con ductive umps of the tﬁeé anoth pﬁura yin élgnmerﬂ
Wltﬂld&ecltmmh@akfp&dandmdgmmﬂlﬂ'@mmalﬁnwdfﬂrtmlbunipﬁ&tﬁtﬁf&aﬁtﬁhenductlve
plugalit e terminal of claim 20 further

: courfr;]lf)mémg se‘fec ?r%ge eusrﬁi rzgfe to @ogr%pns%t%rne oaflé? Circuit board, an
interposer, a semiconductor die, a wafer and a 30 partial wafer. - 17 22.
The meth 9 of le‘hm 29 W(![| efe th%élt eﬁﬁérocno?ns%{nmlr?on roc{uc ©a dielectric
comprises a wafer |nrr1u ingap urallty of semiconductor dice and the
su Mmﬁllmmﬂwwﬂm@mmkamddmhdrm phisiudpstrate.
singulating semiconductor dice from the wafer and segments from the
wafer-scale substrate after the conductive 5 bumps of the another plurality

10 are bondéltHto th&hemuithadpefadaiad | Thahetronpfisiane @@ rfogtHer plurality of

I theat
o e RS T PRI R A
furmem@lnlmsmg goleesirrgpibre piurbtitglodf chedasdvetivapwspshef Benehother
% %ﬂﬂ)ﬂ% gngH&gﬁj [%%between with a dielectric material, leaving

asta por on of eac e conductive bumps of the another plurality
exposed therethrough. 15 25. The method of claim 1, further comprising

15 forming th?j.condﬁ%i}[r?etfwmscﬁﬂg tlh ?u%grggqﬂﬁi%l%ql&ning the conductive

bumps and the wire bonds of gold.



