-1- SEMICONDUCTOR SUBSTRATES INCLUDING INPUT/OUTPUT
REDISTRIBUTION USING WIRE BONDS AND ANISOTROPICALLY
CONDUCTIVE FILM AND ASSEMBLIES INCLUDING SAME 5
TECHNICAL FIELD Field of the Invention: The present invention relates
generally to the fabrication of semlconduc or dice. More partlcularly, the
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State of the Art: As is WeI nowny semlcon uctor

devices 15 involves many process S eps. rge number of like

semiconductor devices may be fabricated on a thin wafer or other bulk

substrate of semiconductive material such as silicon. Each semiconductor
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iconductor devices. While integrated packages may ormed of two
or more chips, the integration of multiple functional circuits on single chips
has also become 25 common, leadj {aé élig ith a large number of
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input/output (UO) terminals for signal transmission, power supply, ground

(or bias), &tdetedtimyAThete hasdb@emwwhﬁmﬁmgfaeﬁm of shmierhdtejotalevices
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simultaneous creasing their size. Densification in c rication h

mafai»rladmmagetbmn&hﬁdmg @t\herdmlbdubstoﬁqr@ﬁsﬁgmceddmimmmaterlal such as
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Sigha transmission paths Moreover, Increase iaturization S )
enabledviieformitiois st Eymptax ¢iﬂetg®ateéqmpgn@mwh as transistors, inductors,

resistors and capacitors, all operably connected to form a useful device. The wafer is

20  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

25  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

30  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



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 aluminum or an alumn?'tum alloy and are designed to
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sl4to protect an electric e active surface 18. A

ally in

51 ayerl typically applied

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
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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 30 order to form a pad structure

which adheres well to traces 20 and to which a solder material will be
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me alllza)u% ane drescgkbed in the following references: U.S. Patent

No. 5,554, F I—Pu hér describes a redistribution layer which, in

addition t@bi;rﬁptmdioajsiﬁm@nme‘s}mmd@snpada wﬁlsimlhmaprb@yer which,
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near a respectlve sot at the same (or si ar pro car
appanaﬂaseamwamﬂeﬂes nEedidsshrayl besiisettdotest th@e@mmbmdbp&dr so that
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(for a bumpe vice Patent No. 6530 Wa g et
a nlethyouhiicomidunipinigend bidheling tll@smﬁlwho[m@t@r\padmg@sdsievwe) or on the

dlsé%é??% g %%’ﬁﬁ%‘l\%@ »204,562 of Ho et al., reveals a multichip

chip attachment. The package is formed of a
plurality ofwiaférRetesit ¥ip (0366 iae, Whiegeinaihe lmrgkodifenuesmng and bonding

bu%p&%gﬁggfgggﬂg age“‘arojs%@lng the dice in a flip-chip manner. 20
In U.S. Patent N 6 3 of Kung et al., a first bump pad redistribution

layer is cdAn@ckettnd Msdcti Teititsution. lageeads a aiflordie leodilsy(MCM) for
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61 of Huang et al., a redistribution layer is connected
dlce 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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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
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 redidtribution layer on a wafer-level
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increased pitch, increased yi er packaging steps, and at reduced
codypically 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.



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 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. BOSGLDERIOSEHREVERTNYENTION In
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etal columns. The columns are sufficiently laterally separ
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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avoid shorting. The anisotropic film or tape is readily adhesively attached
to a die passivation 25 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 aftﬁwr
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also encompasses, In additional embodiments, semiconductor die
assboblidslaHdpeckat 8y daphicatsdl ofathen predernisvepticscaptivel tas

higher- emR!i in t] p t invention. Other
fea?ﬁ?ggﬁé%%ﬁ;g\/amag%é’gﬁi@ %?‘géglr{\??ﬁvé%i%% will become apparent to

10 those of skill in the art through consideration of the ensuing description,

the accompanying dfa%%qﬁfaﬁ%&ﬁ%}gmﬁv&%gexemplafy

DESCRIPTION OF DRAWINGS In the drawing

embodiméntbofxariogs fehichaspftitachblpresemadieeniowf Frgousigeatures of the
cro I%-S%%ﬁilgvneq{t}/d'ﬁyv of a segment of a chip-scale semiconductor package

with a conventional redistribution layer for repositioning solder bumps to

match thefdttadHpresropadectopanl intypdsess BrentoisaciipwseHaemiconductor

Sh%‘ﬁ’é@ﬂg@%ﬂﬁ Q%@l\%ﬁﬁoﬂﬁ?f&m&ﬂm[& %%f%&?@@@s’?ﬁﬁmmg 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-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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20 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-sestional edge view of a portion of

an exemplary semiconductor wafer of the invention, as taken along line

-4 of FIGL 3, 25.FIG. 2 330 enlaroeel persnecive visw.oh a0 exemplant o, which
anisotropically conduc Rre (z-aX|s con ucﬁvg)pl i OEBIGPIn lflormlng a
semidonthigion pasdageyobihepsmreritionediB fidsa panspectprealligwooductive

an Elx?errqgll%rﬁytﬁeem{/c%rtlg)ﬁptor wafer upon which are attached fields of
anisc?troplca ly Gonductive material of the invention; 30 FIG. 7 is an

enlarged ¢ilésIseatiamédreddervievsati@poniow of apentemplaay exemplary
semiconductor wafer u which.are attached fields of anisotropicall

co R B TR S R o
FI@nBesrapperisp ectidectienwnoitemabré thp lameseonicondietor ovefémeSeh of FIG. 8;

which red'bsﬁﬁ'b&lgon conduct{ve bur@vp are form dron fields
a

f . )
anisotropi-aly toRdLETN Taater Al o LAl oaHa, K g o afer ih wire
crogsadectionattuigwliofrepbpiids tofradi gxbaiplargorilsemicbnapstof thaferention;
with redisttibutign ¢ tive bumps formed on fields of anisotropicall
conductiviefigja%ceirllglg(l?fgtﬁ%ﬂ%%le%rt?gg ,S%%I%Egr\{ 1§%§§ fi 8%%1 8?&% R gl;![%lary
FIGemicimdustrspattive ihewisftaméxempiatingeheibond petbr twaddiswithution solder
WIrg, ﬁ@%?&%’]ﬂi&é@&d{%ﬁ'&?oﬁ 415,40 fefl{stpbygion fonductive bumps
of the Ihvention; FIG. 11 is an enlarged cross-sectional’view of a portion
of an exemikar2 19 speriposithector weafenwittnpie bendis cohreotidey tie formed of

bor pds R Lefis iR SgIeT, Bumes. gt inventon, taken along

line 11-11 of FIG. 10; FIG. 12 is a perspective view of an exemplary
semicondbittor] davieéldoveleat shaweng tengiorerahdovind Bonidedntooa used in

ISR G R s i v le gl

package WG rédistei ﬂagtﬁm,c?ﬁe.vigmigfp@ p@?ﬁp@&f@ﬁ%@t@m@mmmmr wafer

an @(ﬁ’l@m%}{émm&fgt%mf%nnecting 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.
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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; 20 FIG. 15 is an enlarged

cross-sectional view of a portion of an exeqplary semiconductor wafer of

the invention with wire bonds connecting die bond pads to redistribution
conductive bump I I'&-f.{[:l' @tﬁﬁ&f

redistribution conﬁéwggﬁgﬁggﬁﬁﬁ%ng mﬁ%ﬂl@o . 14,

FIG. 16 isla dropssattional twwewactdisteketivpl afyl/Sirgutatedochépasoale is achieved
25 semiconductor die package.of the invention canfigured for flip-chi
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redisiion, Bumes QRIS 5 (Rmed n. a0 ANESIORICAIN FRNINANE  die, o
material disposed on the pac?<age and then connected to the bohd pads o
thevditebyr aviechoridiany. biheifaboodiitncsegtanety éhel byifigpfohmpationling.

and wiring.gf tg; .Y IRMHOR, RUIPS MRV RERES It 8L NBNRIR G

level. The r%ésﬁgtﬁg goss%m%g&r)na%ee %%gﬂedl}tgg a%rggwe% %L(J) stFalte %ﬂ%ﬂn may be
as desinferposeertmotiver thackaged atis, shaoniafelodrsdeiréGit hoBadhbyf the acts is
wirg AR PG ATV FRAIB-GhiR ppding. Fabrication of a
wire-bondable semiconductor package ofthe invention may be described

as performingitkengentsydlacts drovets im ook g ME:-RoRkbest thiserstyctor

S Pratiaton nong Abmer g PiR: A IO AR A RAIIRD BAGBEIC- 2

the acts rming a wire-bo le senmiconductor 15 package 70are
numberedtfrath30 aisrouighnoRcipiviattnde enevbifdwinigbricated 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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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, 20 as exemplified
by silicon- lass bstrat d silicon-on-sapp (I(O
substrateéﬂ’égc segri%onju cetSo‘Fl %2 PAsTicated Wi Cgfri;ye ec r%grﬁge material 60,
cir(suilh'mshe:dmmemﬁzﬂlymWegablecﬂlhrr(nmtalbmerumrdte(hm@I@rﬁalwylwé(ér Such
'Ezln%sflig 1caq14 th%l C'[l a(%erl ?s%(?are gfde 4% and E 1 é\{lestsursa%ea 1s tape or
42 contai ng a) p Urality of discrete semlcon(?ucl%o ice 8 1 Srtiofi 0 P
activexsuffhoemtPaoé ebctrldeélﬁommgva ipaitdyrras (hf@@ﬂxnucw@mtldl to the z-
pads ?% rtr\llgrr rlsconnected 10{1 grl ﬁé;era ed C|rfctlfll|tsﬁrlhere f not Sh@% 3 one tve
The ond pads Y ard SHown sufroun %y a die passivati i Iaye P
elecfmmaﬁllymlstutdtse camihmtwmauemhw prmjzexcmpesmﬁémmaq@ 4PirFhkative
loc ion .0 die cut line W 0
A Al e SRS P Sy S parate
wat@nd@@trespmml/elmmm’éﬂ&) mbmdptd g@nﬁiqébdw&i@dlmugyetje film or tape
2o seOslagd ob easlh e a0, Aploteroal G NEOIeR IR 5

50 with peripnerally arraye also |scuss
su bsgqaléy\tiww@ecm@mmmts@m @ati Imdslamlm oanmﬁopakymmsdthmoaﬂyctwe

congugt 'gﬁrﬁ‘@g”ﬂ o bk é&)ﬁlg‘{l?é CPAHH%WSPQX@‘[{( :: e JI.0fi 8RE as rungsten,

illustrate anisotropica ductlve materials

60 dmm@mkngmnmth@nr@détryraélqyaﬁsmﬁemd ezqeodsdiditlzandupgeer ends 81, i.e.
elegly &?%'WSBQPHH%’ €78 W&@%Qﬁfﬁg&‘aﬂ% enRRAleL s ﬁé IR

vertical axis, perpendicular to the pla m or tape. As shown, one

typeorsfustisobopivatiytedhdueyibe heataddiosbawaluoomplise cufiienthy paglerred that
of InSUlaHYE, POVRE, I{rﬁ ‘af&gSfQ hhQr t@dﬁhﬂﬁ%ﬁa@e@? ry‘v%ﬁg?vﬁ)'%’ example,

dense pattern of parallel conductive metal elements 74 is e
gemesalbe passhey thaotdhthafidrboutddeafrom awmkmamermwéthat the

ba%%%ﬁ%%&%@{&%B@%mué%ﬂy@oﬁpbymﬁ %Xc? dBt? a'ﬂl@éﬂﬁfﬁl‘?ltﬁ?ameter 79

material such as polyimide or other polymer. The conductive metal
eleandrnragiagrayitehchluviery dtarally bhpesedxxartisiea alnelkiay sliehrased columns

ungsien b%'HHHH‘éHQo %%‘?RQ% SY&eLe SRl AUPKRINEIEREMND ¥R, In
their upper ends 81,

FIG. 5, the dlameter 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



on the upper surface 75 of the anisotropically conductive material 60, so

that conductive bumps or balls may be bonded to the columns. It is

currently preferred that 15 the columns 74 be formed of gold. The column
diameter 79 may vary but, for example, be between about 1 pm and

about 15 m. It is currently more preferrednit?z{t the column diameter 79 be
betypen & %”t@ r%%‘é‘da%;?éi“t SMed Q&Cfé’l‘%“”afé%a Slet B2 @9 1o secure the
spacing or plt‘/c% Sreireteral imposed so thata p ura?/lty ot exposedg
colfim® ¢ didkle, bitaded tol g, shegles dande giventrmmpycdapficernedeonoplastic
placed therepn..In 2Q FIG. 5, the diameter 59 of the.f rint of .
A R B B e P G R R M T R B aspippnavcto
contactitgba dbref appinorieooaitihmas 74. The exposed column upper ends

81 may ogc only a small portion.of upper.tape surface. 75 and still
5 ﬁn%ﬁgﬁl%y R .SBOB/I] in ﬁﬂ?sb%"asng ya,nr]efls'{rl u 10{1 conéjuctlve balls or
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effectively re e conductive bumps or ba etallurgical bonding
thebetopTHie anishtrapimathe comticpreathateridh &ivis shevwal ORIE, Hutd to the

an 25 adhesive layer 78, suc ressuyre-sensitive.adhesive layer
e R s S B S B B or

As depicisd inbFGS 6 anpratibel anisemopically ioghd wdtivbandiegiatt6 Ols
applied.in act 82 to the.di ssivation layer 56 between, r of band
L R o R Sl BT Sy RO R LA
anisstrdhicallyaednductity 3¢ maferidl B @akdayondappiie dobvet grdfhudenmetallic

: ‘ \ Y : :
o SRR N DR o
anisbropisdlipaobe bytive appleridlofrteddidr bicbswb i by eharbimiegr umps in
10 . o e ) : _
AR SN MO R P o wire
polypdabipachagoriék hahedinsiblason crmsincting bal fitrhushp locations may be
e L

and<Gheuisintition Wbnuldivertdaisiokabomply S8able raselotuené formation of
a”'ﬁ?&f&@f%%g{u‘(é% WSV RatRual B0 Aachaended he,exaaaa Golumn

upper end not shown) by the use of heat, pressure and/or ultrasonic
vibration &9 prastibedlespmentionhhypiditireolirgdisbraingnarenitaetive balls or

reqﬁ '%'g%ﬁ?ﬁ‘éj%%ﬁ(ﬂﬁﬂﬁlﬂf&%ﬁl&%i5§&@é’rﬂ?JQ,VEHQ?eHTs%@B’uﬁon conductive

applica
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.



5

10

15

20

25

30

10 metallurgy, and currently are preferably gold, for forming robust gold
intermetallic bonds with gold columns 74 in the anisotropically conductive
material 60. Bump placement may be by any applicable method which

will form the balls or bumps in desired locations for subsequent joining to
another substrate 66 (FIG. 12). For a wire- bondable package 70, the
redistributjon ductive, ball or bump lpcations may be 15 selected t

provide h%he-ud%ua m%},l %J%dé )?r lpl))l éhoéldc é\jrllrcgl %?(lj\ﬁeorli%agn (\%VIE%I S%%naéepagt ;8}56 ,to

as shownlipdak3S. dGuarttiel pbsichsi i baveioeibiyndimah | d bee shinseg 66 mbay be an
formation of short, high quality wire bonds 64 with a substrate 66

o R YO 5 E e e et kA B ey o or other
conrthettiredoaiismmdbumps B orattbiahiBotrihiealypesradi stivecomalieriot

60, the redistribution conductive. .20 balls pr bumps 58.are wire bonded in
o s B R T R TR AT G AP AR bonaea
Altho tegmawal paite @8aridinigs systdh Malebecdsedyatan doffassitotrbl pomdirg protected
(SS$B) is currently preferred.. An SSB machine can be used to first 7@ :

e Vel B e e RN G S SIS RS, i
(seleoRdiG 6% ofl mmsotlopidalfy bortdustivemeideriliges fommeldalgl@2ohmolding,
each of the pads 52, hen form itch bond with t

o bt e 36 Sl e R R AP ot
mayilb®used fordpealywireabairdding of redistribution conductive ball or

bump 58 b ﬁ%ﬂigeﬁresﬁg&?arﬁ% tﬁ% frgselﬁ'hw %E%%Sg;;né-)rg?nﬁ%g t%ﬁis%&x{i?h singulated

shown as cutting the watfer along Cut lines 48A an to singulate the
dissrateelideds; dsmdurhambéidietrodsingl keroerimiestheowdastipagdel wafers,”

Oofi . ) of . o _
e S L L S L R AR e,
62 ihethendiafer stadisiribetidebolt singutation. tElprivea¢i O nhen may be used in
A Tt IR R oSO IO o
int@pbebw Hanaew dl pankavivhigrcensticmsemicotiiuctidrstide daitpidtor more dice

bogig:r RIPEXaFISRIQNIR 8%1%%“@*&1%%%&%%&%9 in FIG. 12, a

chip-scale semic ndupto > package 70 has been formed by the method
of the invditorsantidnassiepsalliys pshigéde tmatmmaln H0paddses oy advantageous for

sulisaig S8 HdesgdiRAcH R G BRI TOIN BHORE BIABGIPLrid 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
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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by application of a thermoplastic encapsulant over the semiconductor die
50, wire bonds 64 and terminal pads 68 by transfer molding, injection
molding or pot molding, or by so-called "glob top" encapsulation
techniques applying a viscous, flowable 10 silicone gel or epoxy
encapsulant. It should be noted that the p @sent invention is not Ilmlted to

us%vinth S\; ‘Enéatggl I%%ng}eﬁc;npql%c q{vcél c'ﬂt tf?)a muI idie é;s Ctmg

some imes known a warers, ene
exahepdé;om. stlll another embodiment of the mventlon the conductlve
redlstrlbution rbum % tlfe Qﬂesen}(mv ion may he u di

h 11
conjunctlon with jump ‘wirés cgnnecﬁleng blcs>r11rclivﬁa ace% ip balls or

dickunfizs MMIpadiegﬁaYQ wel haaqhﬂml\mdlmgmmmenmmset@ﬁcmtdectwe terminal
substra r two or mo e for.e a single edge of the.

>l SO QLS e RN LRI R. S IR SR Ein an
vepadvd meagdbesifor 1dprdiip devices e mngmedimmmimﬁ]/mds 106 but, as
locations for a a rid arr BGA) 20 configuration. acts i for ing . .
suc gséftrﬁfc%uf? ugct{or% g’jlacﬁigée are rl owr:} w? ﬁl%aq a?%h?gﬁ%cts ? Jeircuit
82 b84rBa; cathdr&&amnhecsarpenaatdéacthbedemrtme t\]mrenbmlgd&bftd wafer 40 is to

7 The d ffers f fFI 2
o R SAEL B A G ene
10@ wifarwisgukatowmay mmmmg fatbpvuhe ﬂl@stimg edacubive

redistributign halls g1.by ac hsdg lustrated | ﬁ&{}glal 108,
? |s aI%

15 as being performe evel. act,ab Iggrl
(B(B@)qell‘bmett@mWéyamubﬂsmfafw;abm @nlyufeuhm gehmwmdqmdrqtmeform

50_of the Waler A0 FE VRS! A0 PRYSISD e S 2IPRG: LR A8 3Ghicuy

48B to singu atet e semicon uctor ice 50, owninFIG. 1
Optiorsitytipeidasio ginglhasiolenesenge, szaldurmenaméﬂepmfpram ¢adier in the

shoyy cﬂ:?f'%lﬁ}{ Q%@Bp'igdaéfd H%?l?ﬁ%&%%%ﬁ‘ﬁé‘%ﬁ&%%%é?e& %ﬁﬂfeecf to

40, in INng expose portlons of the activesurface 42, bond pads 5
anigbrepieahy Gorldworvendettrialiepackirgdonds 62 and redistribution

conductive, -1 Ralls 8 RHmAS §§t}f§§¥é§'&98ﬂ%ﬂﬁ% QH%r%@bprﬁl’l%cPEccordmg to

bumps 100 projecting therefrom. In act 96, shown in IG 17, the package
70 fheimvashed ofid thd Jlipreinips piadiBierlly 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.



bumps 100 of package 70 are attached to a mirror-image set of

conductive terminal 5 pads 106 on the substrate 66. The substrate 66 is

shown as an interposer with an internal metallization layer 104

terminating in the conductive terminal pads 106 but, as before, the

substrate 66 may comprise a wafer, a par 'gl'wafer, another die, a circuit

board or other electronic component. In the event that the unsingulate

water 40 O BE TAC ATS BN (2 A o6 B BSI Sraefhese shoutd

wafert be subsinaté shiapéthiikbcl & apwafahespnepelationemtaynpbuperfoetped providing

follaping fip-chie attach 96, In. ¢t 88 the packas 1A may be waSErIed of ine

with a passivating materia , typically an electrically insulative,

flowasietipolyme bindgelsed wdtduddigoidépanm friingler devpef dote ghiesentimvention.
s PIGRs 2R 13 neednel e alonedin g ity sonsecuive Bshionyqy e

Thus, for example, singulation may be pertormed earlier in the orde

thaengHoyed. imcadditionicothdhastopnay te added @sislebmedooe, naguingel] and

to fabricate the final semiconductor die package, In another embodiment
or DTSR O IR S SRR D VRIS S YRR e
13 fare gnigptopitetigncont uckiveomatdeleli 60 naay bedifedtionsyédidigibxgmplary
pepleal RAndRafs 20 A 110 R RACRAE; f0IR B CRNEI RS 1ilEning and
20 die to form an array of locations suitable or?llp-cllﬂnp attachment using
10 condoptivé thalidaiorsurmpstidceditheraleys 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. - 13



Although the foregoing description contains many specific details, these
should not be construed as limiting the scope of the present invention, but
merely as providing illustrations of some exemplary embodiments.
Similarly, other embodiments of the |nvent§n may be devised which do
not depart from the scope of the present | ention. 5 Moreover, features
from different embodiments of the presg l{&ﬁntlon may be employed in
combination. The scope of the |nvent|on is, therefore, indicated and
I|m|ted only by the appended claims and their legal equivalents, rather

a.{c;YF the fore 0|ng description. All additions, deletions, and

catlons{% 8 ‘exemplary embodiments of the invention, as

disclosed herein, which fall within the meaning and 10 scope of the claims
are embraced thereby, 145 GLAMS MDAl s fAmed 58,0, A
semiconductor substrate assembfil, comprising: Xt s‘toneg
sernfidenst ustoredie tirdinpadiuralitygod plomal ipadE Hondpads icamerttivein active
surface ther of tlea one anisotropically conductive layer comprising a
plurality o?lllateraﬁlfl isolated conductive elements disposed in a dielectric
maaeh*abambhawngqmtyamuc@iwmddhmmmg aghuatiaghgdaeily isolated
active S”ffa?n% Qn%é‘t‘é@{eﬁ SCADSIACHVE RUIRS O j"% IS atPaRE A2%ine u upper ends

anisotropically conductive layer with each conductive bump in con

10 W|th at leastroneddbadtivtiveledradrdsd the gsitivaliyrfaged a plurality of wire
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T T o TS
bond pad V\oﬂtheqblgmﬁmpbﬁbbndma@smtaveémhﬂ:@ﬁdlm eutiipetitechledent of

to a cond P, the plurality of conductive bumps. 2. The
assemblyveﬁ% ﬁ?mjﬁﬂw wﬁgreln the at least one anisotropically 20

condiotie Yayfer cotmprisex sodagchivevetartienboid trhdfond bedisedensive bumps,
metal col emﬂj%:p(%?fgfjtﬂe BP&[ ?‘H%lﬂ?&eﬁ-@ e%dﬂ?i%&%?gﬁgg%f? to a bond pad

claim 2, W crete eta olumns have a
of the plurality of bond pads and a second end directly attached to a conductive

bump of the plurality of conductive bumps.

2. The assembly of claim 1, wherein the at least one anisotropically
conductive layer comprises conductive elements in the form of discrete metal columns

embedded in a polymeric material.

3. The assembly of claim 2, wherein the discrete metal columns have a

diameter of about 1 um to about 15 um.

4. The assembly of claim 2, wherein the discrete metal columns have a

diameter of about 2 um to about 8 um.

5. The assembly of claim 2, wherein the polymeric material comprises a

tape or film.

6. The assembly of claim 1, wherein the conductive elements comprise at

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



diameter of about 1 pm to about 15 m. 25 4. The assembly of claim 2,
wherein the discrete metal columns have a diameter of about 2 pm to
about 8 m. 5. The assembly of claim 2, wherein the polymeric material
comprises a 30 tape or film. 6. The assembly of claim 1, wherein the
conductive elements comprise at least one of tungsten, aluminum,
copper, silver, gold, and alloys thereof. - 15 7. The assembly of claim 1,
wherein the at least one anisotropically conductive layer is attached to the
active surface bylan adbeblyeofcBumhhe wbsembllyeaft dtaisnobefamibetropically
complizind: & substrale haying & pLaIly oferminal ads on a surface
thereof; an wire bonds between the pﬁJraﬂ y 0 conductive Bumps and
the plurality of terminal pads. 10 9. The assembly of claim 8, wherein the

5 substrate é;omprlfﬁs one q; a glr uit rgf %péntergglser_, a
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semiconductor dle,eaa\slsg erlglr? %%{anrtlé water 107 él%‘{ssembly of claim

7, fustiistregnhprisipg pldielggtoiCttayendysdihenat sieésteghereof; and
semiconduct regie the bond pads.the conductive bumps,and the. wir .
pont e B A R A B L cemina
are attachwdlso the conductive elements by metallurgical bonds. 12. The
assembly of claim 1, wherein the conductive bumps and the wire 20

bonds are formed of gold. 13. A semiconductor substrate assembly,
comprising: at ledbt epewdhyiobnbuntdr diechavity aublurality@hposes paelsf a
for c& gvg§ f?eth qﬁg' t least 'ﬁtoi linf
cor@d%c#v%o?gﬁ% c%)rtne pﬁéﬁe\g %Sbgft[}rg iitly of 5@?%@({?5%%%(18 é(g%ﬁg‘ctiv% °r
elements disposed in a dielectric material and having upper ends

exposed tiﬁrethﬂ%@ﬁk%’f\ﬁ@e& E‘famleﬁ%%ﬁe%%rgﬁlcp?lsmg a dielectric layer over the at

least one semiconductor die, the bond pads, the conductive bumps and the wire bonds.

11.  The assembly of claim 1, wherein the conductive bumps are attached to

the conductive elements by metallurgical bonds.

12. The assembly of claim 1, wherein the conductive bumps and the wire

bonds are formed of gold.

13. A semiconductor substrate assembly, comprising:

at least one semiconductor die having a plurality of bond pads formed on an active
surface thereof;

at least one anisotropically conductive layer comprising a plurality of laterally isolated
conductive elements disposed in a dielectric material and having upper ends
exposed therethrough attached to the active surface;

a plurality of conductive bumps on the at least one anisotropically conductive layer
with each conductive bump in contact with at least one conductive element of
the plurality; and

wire bonds between the bond pads and the conductive bumps;

wherein the at least one semiconductor die has the plurality of bond pads centrally

located along an axis thereof and the at least one anisotropically conductive
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a plurality of conductive bumps on the at least one anisotropically
conductive layer with each conductive bump in contact with at least one
conductive element of 30 the plurality; and wire bonds between the bond
pads and the conductive bumps; wherein % e at least one semiconductor
die has the plurality of bond pads centrally "located along an axis thereof

and the at least one anisotropica Iy onductive -16- layer com
plurality oi‘ gnlsootmo%léalq’ly BHPS‘ﬁtht.v{éﬁ‘élﬁé’%o%%ﬂé‘én?%ﬁe %Yurg t%/rso?%ac%w the
pads on qpipuﬂm;gaf ilesdipadsafn apdthgrﬁdeihhemdé;aeatcbne

sem![clzondu ie com rises a\ af r | cludin g uralit
at east onE SFrfic 1ﬁ 1 COMPIISeS 3 wa Sy nc udmrg5l lurahty of
semicon uc ice, and epura y Of aniso oplca y conductive fayer

are 5 dlspasmbbénmteedlp:tumhtlés pfwyaliy phdsisitagjaadiytconductive layers are

semlcondHctord nd ext]en %10\{% &)ungsanFa there etween

The assembly 0 almefn\ﬁ ué?elltﬁ & atleast one seh a?gtr)ln Leer Gl lelzéttg rifice and

the form afxéesihgplatedtdiendapestibénvbderaomprising a plurality of
semiconductor 10 dice or a wafer comprising a plurality of semiconductor

dice. 15. A semiconductor substrate assembly, comprising: at least one
semicondiittor diehbavsaglal phiralitynof, b@hﬂ:tqjad@f@rﬂnad onmcaamciivguctor die is

Surfﬁ’t ﬁ? tﬁ)erg %“’a SI t:f S& 8%e S%i A%(,Qlj lé{ %1 IlSl iayeht of semdconductor

comprising a pluralit aterally ate con rhents ispose

in alm@mawmfna@emrmnMn@mpérsend@mWe@mherethrough
attached to the active surface; a plurality of conductive bumps on the at
least one anisotropically conductive layer with each conductive bump in
contact with.at leAseonecodndoctivbsgiamenstobl0ahmpisnadity; wire

ot T T S

plurality dispesethendahe of the plurality of conductive bumps. 25 16. The
assa‘?'i@Q#Y &{ecé‘%%&é.ﬁfa ‘?{1088[{13?%' 2R Hé’}[f‘g DR PYRINAAT isolated

terminal pads on a s ereof with the con uct
conductive elements disposed in a dielectric material and having upper ends

exposed therethrough attached to the active surface;

a plurality of conductive bumps on the at least one anisotropically conductive layer
with each conductive bump in contact with at least one conductive element of
the plurality;

wire bonds between the bond pads and the conductive bumps; and

another plurality of conductive bumps, each conductive bump of the another plurality

disposed on one of the plurality of conductive bumps.

16. The assembly of claim 15, further comprising:
a substrate having a plurality of terminal pads on a surface thereof with the conductive
bumps of the another plurality in alignment with and bonded to the terminal

pads.

17. The assembly of claim 16, wherein the substrate comprises one of a

circuit board, an interposer, a semiconductor die, a wafer and a partial wafer.
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bumps of the another plurality in alignment with and bonded to the
terminal pads. 30 17. The assembly of claim 16, wherein the substrate
comprises one of a circuit board, an interposer, a semiconductor die, a
wafer and a partial wafer. - 17 18. The assembly of claim 17, wherein the
at least one semiconductor die comprises a wafer including a plurality of

semicondugtor dice and t S% rate. comprises a wafer-scale substrate. .
210 The oo S P SHiRle ) PN P B R Rcor dic
matengirbetvacen ¢h enaluldiagt opleratingiod peluctondlietandi db ersuthstsatetrate

20.C'(I)'Qler(flsesseambal1 %)_fsggifi:rgu%Sfrf%ther comprising a dielectric material
COVGI‘II‘Pg fi5e pmra ity O conductive bumps, the bond pads and the wire

bonds 10 therebetween and leaving at least a portion of each of the
conductiveumpg, ot g, A\ IR Bl A Y 2RPRS L IRIRI K9 e tric underfil

material between the at least one semiconductor die and the substrate.

20.  The assembly of claim 15, further comprising a dielectric material
covering the plurality of conductive bumps, the bond pads and the wire bonds
therebetween and leaving at least a portion of each of the conductive bumps of the

another plurality exposed therethrough.



