-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 dice. More
particularly, SIEVMIEOND VPR S PBRERA TE S TENICIASHIN 6 INBR I GUIRPIOT
redistributiREEDSSTRIBISTIONARSISGONERE BIONTDSTAND WNESY TROBICALLY
locationgGO ¥ CXEVBrM AN NMEIEHIDO1AE HABREGSTEANESD ASSEMBLIES
BACKGROUND State of the Art: AN(LWENNGoWYERe manufacture of
seficonductor devices 15 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 comprises a chip or die of sermi erial onto which are
fabricated vaHielubotlhettoviatoompbe prissuiaheasdiiasiaistarsydradlyatots; fabrication
resistors and capacitors, all operably connected to form a useful device. The
aer BT R I Y B
kABwnaad irrsgrarer chdisitd 1o hopd@atsmitemaaetdrelevitiestiagpavidely
protectiyeiy PRKAGRA S AT RE P61 @ TOH QIS AuSIRGUIRLIR.RIE ReAvherein
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 hasalsg&groma25 common, leading to
chips V\.”th. a |§{§g owgg%r:OfAlsn gl{zvt/egllélgeloj&zg,/%% '[rlelrnyﬁalﬁrgor g Iond ctor devices
transmission, power supply, ground (or bias), n%ntes%mg. here has been a
cahtinuiwg!vesforaip phecéntitispy t kerdvancebthefiliketioniioddnsdity dsfvices may be

Semi??ﬁ'&i&’c%@_& gg\éiﬁﬁﬁ W&f@?_0153@1%11@91‘%%15urggg'ﬁ%ﬁi{&ﬂﬁl%ﬁ%aterial such as
Densification in chip fabrication has many advantages, including overall

reductidrCT cGSETSIBERBA TP AEKSE S UBRITE 24P F0'rHaRRiPRiueipicapterial
efficiengyoduieidb sheiteicsigheditaRMBissine paiipenbiere@iers 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



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, typically2in one or more rows about the

die -2 periphery or across a central portion of the die. These bond pads are
generglbyifbenad aof@lunidisnil podioradd thindie) diheyeaodaseddas goredoytermed
conductively connected o, lerminals é’dea%a fer Sistrate, Sueh 83 A0 nected to
interposer or circuit board, the pattern o ermifals on which may Rot
corresrondntds thiealoaitio pb et tives wdhr e Spanidingsbiorid pads o, the riecrinot
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close for satisfactory direct attachment to a substrate. Thus, if the conductive
conneéfidhctdicatfiarditinanBed s Rid Radd bROAH RUstRIFERY ffemay be too
bondingeasrin atidkoseywater-ievehabip wscalebpaskadaul, is diffioultdaive

achieve the (Elesi ed connectio \{vithoutlcrossén qf wires u%due.cl segess .
. _connection to ITICT SU %trae crmina lsﬁf) et FaS 1n|;|5art wiIre, Qon ll’lg, asin a
of wires, or an overly steep bonding angle, 10 all or whic ma% lead t0o a

higher deaspuenisy-bivshdviprga busiviaganiais Wiffiiedl cedebigvwihe desize connection
Currenfhy PR PBEKAYES RAYEFHERGY GRIATAUIRRR r&v&ﬁ?&@é’p%ﬁlémg angle,

packed into smaller spaces, i.e., with finer pitch. Where a conventiona

patkagt i W&?d@ﬂyt@%%&ﬁtﬂ?éﬂffﬁ%ﬁl%ﬂi SBBT gur 4t As B Bobfiietged by

areas @fienwigrposelenilopiesosedpiigek Bave ) iragtald altasdnsionidthads

solder buguas1 a rediﬁtribution Iabyer %SEPJ{Q is.cErrentIy added to the package.
[

A conVéfitional warer-ievet sémiconduc orrﬁ)étg age 10 with a single RDL 20

is depicted inVﬂTm AcoiFIGLional MeC#iagﬂ('&getdr_@i@bm prisétachedemitiprtipctor
die 12 %ﬁﬁgﬁ'ﬁtﬁ‘;ﬁ%%éﬂﬁ[@ﬁ@e@e@@Qf%%%%%%r%f? 'o-tlﬂé? éﬂﬁ&i‘fﬁgﬁéﬂ?by direct

includes a plurality of conductive die bond pads 14 on the active surface 18,
typicalAfteitiesinatherigeichamed arrsivyabHERR 5y soRE derrampycigéfo the
axis. Inpibia oK ashpackagEwarélite Rassiabiiayefalf.coVersitha a6HNERDL 20

surface 18 betweep the di d pads 14 to protect and electrically insylate, .
o RS TR Dl Mt o e ety g vith
formeduoncthe siefpassivatiorblaierdd 83orTte pakage Moneladiditiphahlayers

26A, zg&dugt% &fe R3na '}}@&knlgl R 'é’én@&ﬁ&%ﬁ @,Z%Fb‘i’&ny either in a peripheral

20  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

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 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 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 redistribution layer {RDL) 20 is joined. Typically, a

UBM 22 consists of at least an adhesion/fusion barrier layer and a wetting
layer (anehgften(as shtevm adibie: sy}, HillSOrangdapsa4gomed paghsdudditerreas in
which gderesyielhioiacse 20,800 {0 which 2 splder MACHAWILES e oo or
attracted, or "wet," when heated to a moften state uPlng formation’of .-
solder thedt oedbtirip on Mgtellvzaticadeytt maytsarinderidtlintopeaisgipassatation
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to conductive areas in the form of terminal pads thereon. In a complex
high-pHERCHIAIP 2 F il iBE RS RS e P P HiEURS A FE IS tion layers
may be usedywithisieine Migdastiviatid hdayesisrsapaitating Heameiabiz afienare

layers. As ar sul% I’T%UHI le steps of Qassivation 5 deposition, etching,
. C%CI'I eg 1n the, followi I Fll.‘el’lC S: . ..
metallization deposition andetching are required. Variations and

improve m_entE.Sf e ddic Tedistibutidinhackall i@aﬁdhelazye&dmteibdé@iﬂqedwmich,
the following S esRaE pddsSalfAIRN NO sepaat R4L A HMRAac heH deSCHBRR & with

redistribution layer which, in addition to bump pads, also includés separate
tel$t pate WniehPREy e Lontherdswitidid YRR Ie iR Rdkdhead patpo that

test paddssiltaied mal propspectivehand parksailbadthe $RMBafosSIRIdAL test
probe card apparatus and.cantilever needles m e used to test the
e AT B S8 SIS £ ATt et S ncbggn the
on thetaggtagador(fdrianbemjedaevice). In U.S. Patent No. 6,536,653 of

Wang et al., g, pehpdJanby BB 38 dRARNNG a5 SEIHEE RIUSILRRCKRAAR A ding

is disclosed. U. S. Patent No. 6,204,562 of Ho et al. reveals a multichip
mdduléseoRfrser ARskarRs ithttieseht. The package is formed of a plurality
of wafer-levelcRipseatevsliceowbereinHbedargeidie 4R BHMNMEIPRAMCM) for

e et e i e e ST RERSE AR11.UR o
dice, wherein the larger die uses a bump pad redistribution layer for joining the dice in
a flip-chip manner.

20 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.

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

redistribution layer on a wafer-level package, wherein the distributed bump pads are

30  underlain by an elastomeric material.



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 laver. 25 U.S. Patent No. 6,433,427
of Wu et al. teaches a wafer-level package having a redistribution layer in
which the redis§ipuiad Nuneppadsoareundetlainibycives strestodidfendriers.
U.S. Palent ]N0: 0,2/ £:882.0 *é‘dﬁﬁ olal. deeehbes ?gﬁﬁﬁﬂ{% mﬁ‘kr'”9§e dice
pad redistribution ayeron aSvarerlevel package, wherein the distribute

bump padiscarscBee uidesdsin yiam leyastorhe fior graderizy. ward hSidingtent No.
6,043,109 of 1y ang, &f ale dseriRes e feethiad-fanmaking Anyidieflevel e

package utilizing a redistribution layer on the smaller of the dice and )
conne MG B UILBEBLHGR! FadrotdigTeans lsh e SRPvife Bonbin grank eadreticles
of the aka¥gquieferancks,Re afepia o iQIBMMIiaNlapMe s asguisdd; the

typically reguiring multiple deposition and etching steps. Expensjve masks
o et B B e o SR A S B S B ethoas

required &rtheg ﬂéﬁlsimbutie@llbmmppwdsmaﬂ@ps,awdmg’m mesgve‘{nalhmbst.
Thus, Q&‘P&‘éf&@.ﬂh{'&ﬂﬂ?{?&lﬁ f9f OEMIRgL RO Jikegur ?omam@aﬁe%mg@g%% heavy
reti e

and are time consuming and expensive. In addition, for each change in di

sitk, ferRIA MR araU WHE Pk e U Rd al ety RabitdF i 0L BERTAOIFd&s has not been
incuffegliy el actual Bxdant ebpvestustio 0D hirsoaotdeen villindelineateget

because conventionalLRDL technology is relatively new.and not yet full
e g S ol B R e A R S
pitch ofitlang oanyiensighsutatenssyobhas mabilde bodsdsedse datoifabrivatechip

multichip jmadyles s saldathal RicB:ofigita. S TRIGHBE.S R RIARALRP For

technology. For 15 example, terminal pad pitch mai;ﬁbe constrained to about
0.5 mriiHdtess sl erbRICHEN RiLpiherargdife apn) finehMoivaxisassider ball
about gikRadZoBuTEntfdhRIM@NfastekaRpipaiaees usng kedistribution

metalization, i dice are, ypicallybackaged prior 10 Known G99 IS, e
(KGD) testing. Thus, i iSTB O AR & “ © ’ ¢ 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
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 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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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 WOHPSEEJ%IH]% E}%ﬁiﬁ%ﬁwvide a chip-scale
[ ed redistribution of bon

semiconductor package with improv d pads. It would
be still furthebrdesicablexemplayide adimgite vé thp axd send istriptionmateeHoere
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either along the die periphery or along a central axis across the die. 30 -
DISCLESUEOERVERITO RETAMRIS 08 BXREAYSLTS ARy diibaicatsF fiee and
presendcisienfiviora piinaasaarke iy astiieddiohéaiEcat ng seivicontUtio 1 e one
ina confil%uratiodn }N.I'bmicih may fﬁcilittate1 5 for ing serrtlicocrlld cto({ digﬁnt ¢
assemblies of mproved reliability With greater 8ase and economy. Mora! 2may ©

particutangydties inetired3lof ithe peseplinvestionyaveitdmélissénoiuing @re or more
more rgdistiytion e&@dl@%@%@ﬁ%ﬁ&%&g@%ﬁ&%g&ﬁf BAnd RAJSIAAY also be

array of conductive bumps. The invention applies not only to assemblies
intludifgRInE dimigrecaline OdgE AeaE RpLeien o Prekpws dad $acRRbES and
flip-chip packageschistimayhlseheat i employed inytabreaiiogopibarly conductive

semiconductor %iecpackagles and S§eminF§. T.he methods (af th% resent,

. .material, also commoiily termed a ,,Z-axis m,. as an real redistribution pa to
invention use’a layer orflanP'sotrroplcaIIy donductive Mhattrialslgo commponly
termedvhith-anésrfiddigtcasadnt arediuepistrab sitior thadd canegois hnigt demedistial by

condueliy e RHEARSy AN S RLAINGFANIE SR REpmannted by

conventional bump-forming and/or wire-bonding equipment. 15 An example

ofi&in anisotrdpiCAMPELRiGetREs AR hUSUTHGH ih B g rEsb eV Ao ArFs At
thin polyvegiis fikn darped withcdite Asepatiemmaafiaiepaltyrhveannantechconnected,
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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 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

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 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

30 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



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 the balls or bumps theretd? -An example of one such film is

a polyimide film or tape containing a dense array of conductive metal
columnsinidiaicobommnstareasidfficianity Aker ddbrisegar pteckto nawad slvoripigshed
The anisgtropic film or tape is readily adhesively attached to a die passivation
i iR e e e S G
on anchnatesiohedherthiel asisataspiereabtedistriavaoy tadatiomditieseatuclineballs or
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pads by the well- developed, conventional method of wire bonding. Shorting

in the Xndrichyraxaslizyinn sty ddngtiidion of the anisotropic

material, and3hkgiitsghinnihaoniiBotionothis prevenied hyitbardie passivation
layer underneglthtth film. T ?conauctive repijstribu(tiioFtEalls or tt)umé)r?on 1
the semiconAULOr dIs May Do aleatheaiEatEChe T 10 Mgl Pady g ion s we
anothersdugstradtecsasiablan lintenposerg dicpitdsobrdcdinpackage or wafer

by wire bondme?}rfe%%@%i& QMaméélépquf% Bpé@&h Hﬁj&gi&p%hq{ep&u@gpparent to

bump -6 formed thereon at the same location. This fabrication process may
béoacc@ﬁfﬁlfgﬁéﬂl Wi@f’@%@é‘ﬂ%ﬁ&%‘&ﬁ‘iﬁﬁ*ﬁéﬁf H&?fﬁﬂ%‘r‘i‘&‘l?é%rdpﬂf)ﬂaéhe
industrccHampaiesoabovagthenatisapapice-natetial acts as an "areal
redistribution pad," to which conductive balls or bumps may be bonded at
any location thereon. Thus, any requirement for conventional 5 under-bump
metallization technology isBaribid &d: STHE RFESN D v BAN FNGISO

encompasseg, {Rafiigpal amACRIME tiem SRMICABIMECR IS IFTERLGS es of the

and packages fabricate of the present invention as well as higher-level
assemPRELHBYEPBPALINg the present invention. Other features and

advantages ¢fithe prasesisisaeiiianvil besospnappanafaclie tbose afuekdl
in the art th consideration of the ensuing descriptian, the
e S TR &SRR

accom I iRg ARG R HE LR
OF DR¥YINIisSttachment pads of an interposer;
FIG. 2 is a flow chart showing the general acts used in forming a wire-bondable

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

25 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;

30 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;



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-bondablEIR® seapespesisiorpackage:vaiipragistibciianconaueiv@on which

bumps of.the, Inventien: ':hfv%'b%rins 2 erSpective ¥igw of an exSIBAN, cfive
semiconductor wafer of the. mvention comprising a plurality of fabrcated dice
with dimisond phidis; i@ igns an enlarged cross-sectional edge view of a

portion of an gxemRlary.eRigRNGIVAier L the, VeBHOR nRS aKBRAry

along line 4-4 of FIG. 3; 25 FIG. 5 is an enlarged perspective view of an

exempigRi Rt pieia b rlittbation serdeeivniuine) fMrmeketdfshls of
formingnassespicamdusiondiackageraf tiehdnvantion; &s! Gk isléh PEPROHIEFIG. 8;
view of an e p|zar%/ semiconductor We%fer upon Yvhich are gttached field%of.

anisotropically condlictiVe atenal st heihven |8rallfy?>%?lﬁfg.n AN 3%IIavrvdtedWIre

cross-bevtiopairedgeevawafdppdr tioredtaihuiempidngtise micon ol ttorwerdgpn:
upon which %ﬁ@%?@ﬁ%ﬂﬂf&%@&%&%%Uﬁéﬂlﬁﬂ'%\g%‘f‘sqlﬁ%‘i‘t\{&l graterid il

invention, as taken along line 7-7 of FIG. 6; -7 FIG. 8 is a perspective view of
anlexetiBisPyRisHicsHELY S WatdrihorP IS idiSamd ndn e aritithvdon solder

bumpshangpianiedior fialdsafcanisat opically congustivg material of the

invention; FI 9 i5,an,snlarged orges-sectional view of 8 portion S8, formed of
exemplary 5 semiconabctdr wafer With rédistRbbtioh ‘Conductive umps

formed@dﬂi@tﬂ@mﬁ@n&é&h@p@l@ @mammsmeerial of the invention, as
taken along Iigg; 9r9 i0f, Gy Brdr! oS BRRIRRAGHYEYIRW il R &XGIoR ATy

semiconductor wafer with wire bonds connectin% die bond pads to
redistrigtiéie edHawbiverBuiipe s TdveRtisrkracyih rdisHiBrAR ed
cross-sectiondo/ieniOf pepPEIBNOfian 6XePIRIREY 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;

20 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

25  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.

30



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 bonded to carrier substrate; FIG. 13 is a
flow chart showing the general acts of the invention used in 15 forming a
flip-chip chip- scakBBQWM@EH(SW@Q@@ERWNGredjﬂmHIEiWE}GION is a
perspective \feyﬁ of a portion of an exe: p{) 8“ 0?31 nd ctp §fer 0

E) %t Hvention A Fad; con o tornina s 1s Sachieved
invention Wlth wire S connectln S to redistribution

condugctiteoup frrpiigfe |1>@W@eitb5n¢br¢dz§udwbbml qéﬂcmpddmwpg enopthhere
redistrigyfigR GRRINGHMEBRTPF b4 Pdsifzadon B AN e HATRETSEOSHoaRHIANSh array

view of a portion of an exemplary "'semiconductor wafer of the invention with

wire b&ﬁagnéaﬁ%ciﬁ#@t&%%a%ﬂ&a}@d&%m a8raisetveipinpanductive
followeghbyifoarpsiea oh fhbﬁ&lﬁhgmdiﬁ@%amﬁhectéﬂ(ﬂdﬁﬂﬁ@bﬂmpﬁ@{lﬁmﬁﬁ\éﬁe by

bumps, as takg alqng Pne 1? 15 of FIG. 14 6is a Cross sectlo
1re bondi he€ fabricafjon sequence 1n§ ormaty 00 % 1r1n rﬁ
view of an exemﬁlary, singula 184 CHi p-sca miconductor ag je of

the invediiombooodiyures, fmaﬂ |lpﬁcmqf>0attathhtim1wéealecfakn@hsm@stmaanmbly

FIG. 14, %e%%&é@gi%é{jQ%Qfa%%ﬂ%ﬁlweﬁpﬁ%'ﬁ%%@ RscRle die, a
semiconductor die package of FIG. 16 attached by flip-chip technlggje toa

cafrier Vel atei ey llﬂﬁ‘é‘éPﬁl%HWW&EB&?E?rﬂ?é‘YﬁVeHY%P‘gb‘P sy
MODE(S) FORbGARNINGY 4o idabTel NMEINTd Gbb @J&l@g’ﬂ@ﬁﬂi@tliﬁ/‘éﬁﬂﬁﬁ)ﬂlay be
a redlsciirlbutq ne of 1/Q contacts or terrl:nntal IS a(:hlgz1 eEI uEfOémE\%f
conventional rediStributionest uetire” Eécvlsnsg%%rélgr more  redistribution
separatédtbyedassivatiomdayef §1GbtHepregkritinvention, an array 5 of
conductive reglistriution HyiPS AhPals 13 FoHmARE LRANBRAIBRILRIGAA ductor

conductive material disposed on the package and then connected to the
bohd padkass tasa By PeinEmdthgronsd PAsviddnedededftayingiuding

formation angwiigg, afstiiconductor wafer 40 on which is fabricated a plurality of dice 50

ahe acts is
ayers

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-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

25  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

30  example, bond pads 52 are arrayed along a central axis 54 of each die 50. Application
of the invention to a die 50 with peripherally arrayed bond pads 52 will also be

discussed subsequently.



redistribution bumps, may be performed at the wafer level. The resulting
assembly may be attached to another substrate such as an interposer,

another packaged die, a 10 wafer or a circuit board by wire bonding or,
alternatively, by flip-chip bonding. Fabricati®n of a wire-bondable

semiconductor package of the invention may be described as performing the
general acts shewsxi adokﬂ:kﬁlizbEh@plﬁaE@cbfaﬁmﬁsa@t@iiealwmaﬁedvmmaial 60,
or more of FIGS. 3 thro h 12. Turni w to 2 th a
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encompasses not only conventional silicon wafers but also other bulk
substrates B SEHALBHGRIVE HStEN 4P Sroaas ghilitiHmars Sitie St fidiutRe type
phospb%iwafep&asyweﬂda&ﬁmmm} BhAIRD AP} smbﬁikata@ez(ﬂlaﬁnanve

exemplified Oy "'?‘?Eﬁ‘l oo ﬁos?)zz's“bs”aé.m%% Brlg’tﬁ"‘é ha °“sesa£tP aralle]

(SOS) sggéetra es Seémiconductdt di cated i elec r nic
circuit fentectformatilateintatyratas airoddtiegemmalln mmthpm thafdmafr tape
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containing a plurality of discrete semiconductor dice 50, the portion of active
suffacd’ H@%’fyeaa‘?}ﬁlﬁigls&?lﬁtﬁvﬁ%@%%%@Hlﬁdﬁﬁ’é@ﬁlfﬁmﬁén@hﬁéﬁ%‘ﬁme
thereomeansiestads mithe e graiadsqseuis (Eh&‘fﬁ@f{ﬁﬂ@ilesbﬁw) sudeabandsten,

pads 52 are shown surrounde ssw tio t electrlcall
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each |loodtionppeasdié&O7aret d@fmesbtyypm:ﬂllyrmduequmtgn@cﬁﬁbed mhes 48A
and 488, #R3RE %‘iﬁ\ﬁik’ oPBERLGLID BB B S ARE SR%IRCTIMRIENAQuy preferred that

respectively. In this 30 example, bond pads 52 are arrayed along a central

akis 5ANGIEHERNEIE S fapisitalisnd o fise MveRTkHHNEeA Hase Vifnbut. for example,
periphaiaflycseayesh b@@d Pags.nd Mhalsqtbe EiscussadySubReseRMi. tHt the

The nex act %2 utiliz Ilcatlon anlsot |caI co uctlve material
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50. Suaid mmog(opmwﬂwaomdpmﬁmh?yatamgi@@ tre ajgorkigwheixptised columns

indus”ﬁ%ﬁ%‘%ﬁ@&?‘[&’ b single conductive bump or ball formed or placed thereon. In

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

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

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

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

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



z-axis film and are electrically conductive in only one direction, i.e., parallel to
the z 5 axis or vertical axis, perpendicular to the plane of the film or tape. As
shown, one type of anisotropically conductive material 60 may comprise a
film or tape of insulative polymer 76 of a height or thickness 72, into which a

relatively dense pattern of parallel conductive metal elements 74 is
embeddaesigengeatig paspiagiehrapgictheaiidsive htapealfitm snudppal sudaae the

75 to a.backside, 77 thereof. The insulative polymer 76 is 10 typically a :
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columns 74 will be bonded to a single conductive bump or ball formed or
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layer 78, such as a pressure-sensitive adhesive layer on the backside 77; for
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In the event that the anisotropically conductive material of the film does not
haVe dﬁ]]ﬁt@gl?a{nps 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,

25  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.

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., before singulation.



-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 adhered to semiconductor dicel50 by a brief application of heat.

5 In the next act 84, as shown in FIGS. 8 and 9, redistribution conductive

balls or bump5a5893ralpIﬁd&ﬂi@ﬁtt&ﬁc@ﬂiﬁmtrwmuwﬁmdpcﬂ8ermatecriak166

f}‘”d banged 0.4 d§§’8? gl golymn toper ends 81 ”%‘ showm *%% YRR L an
eat, pressur an iifrasonic vibration As i practiced conven ona yin

the ww@tbm@@lmgl mférhepmutﬂsw&m@np&@m@mtmmn@ drebampsyibBoard pibesher

formed Qf @y icaRig 18 metalieadinand . qurreptiy areiPieiarailugstd. for
forming robust oI intermetallic bonds with %old columns 74 in the

anfsotrssiasy’ &%&B&?W&)Hﬁ’&fbﬁw@mﬁhﬁﬁﬁ BraceyRiftAag s BRFajre bonded
appllcabbrmﬁlﬁl(pddélb&bf\ﬁﬂﬂﬁ@:{m abelbalisied iy msz‘nhae&fmlgoﬁasiafeqafocrected

subsequent jomn %SEherPa‘s’t?cséﬂl%%e Q F'o(ée FOEC% Véh{cetorbé’le%%b'e e
packagéa/’li’flt%e redistribution conductive ocations ma )
selectéwitds Srowidechiggnad Q&lﬁt}ﬁ,&md@b]wpfﬁchewwgelbmﬁm 6ty th@ctj@mddmg,
pads S s AN @ LA ddoradSITIIaREoHSI SRBRIE Mvable
subsequent formation of short, high quality wire bo with a substrate

66 as %’éﬁ?@?e%ﬂﬁrlf@xl?n%ﬁ%ﬂﬁg the placement and bonding of

redistributionicenauctva diedisher terpendhamibe ia,maqtmmaaﬂm‘@wdu Glivilated
material 60, t red trlb tio con t|ve 20 balls or bumq{s 58 are wir

bonded’in acl% 586 the” b(ljlﬁt pélau ACUBERilUStrated M EIGS. fﬁmaldw afers,”
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redistribution conductive balls or bumps 58 to the upper surface 75 (see FIG.

5)0f £RRBRTINEAKNCOMBDRIROMHAYERaremersitg BoBARAb2bifieseH dicerrf

bond pageabRald, thereloappanddiaeacafitictnh b e shyiér thestetdisuwdR more dice
conducilve bt%ll or bu&'np 58. I] dditjop, the SSBaﬁmethod may be used for

final wire Bon |ﬁxa rediSthpatio egortuﬂ?: llr% all"or bump 58 to another
substrate 66,Thgusanfimexpogerahendxtiacndsesabh@ive A outing theageous for

wafer ﬁ%ﬂ&ﬁ%éw&i flé%lqﬁgjrél(ﬁﬁﬁgution of I/0O locations for a ball grid array (BGA)

20  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

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 the
semiconductor dice 50, as shown in FIG. 16. Optionally, prior to singulation in act 88,

30  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., befoté-singulation. -11 In act 90, the
redistribution conductive balls or bumps 58 are attached to terminal pads 68

of anothgik subsiipics §adaying@hanrtvglliprdipHasty ate 6apN 8)0hLoting
interpotﬁgrr f‘;;\Owafer, a partial wafer, another semiconductor die, a circuit board

or other electronic component. As illustrated in FIG. 12, a chip-scale
semiconductdr &pckhge 70 HHS. Déehdonrieddipthenvrattbendfthhdlipebmtionls or
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For example, in still another embodiment of the invention, the conductive
reistribtitibT DA BHPURSPE PHE PRed dpl GiiBR I HA SR in 15
conjunction withctjuRpes pragkwiresm ¢esnactimgiaprdagsal adiaeent iceos,
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two or HOFe tict “KoRG" or Bxkmple. A ARgIBedts Bt the pariar Al

use of anisotildpically condushivenmatdfisls 80dd Alsed/eoytedvintageoustiartly
flip-chip,deviges feguiingriedisy; Q%ﬁ'&ﬂﬂlé’,fd@u’ﬂﬁ@ﬂ%‘@W&H@ﬂh&ﬁ@a@ﬁ@% the

(BGA) 20 configuration. The acts in forming such a semiconductor package

aré sheweihmeions, Bt WHitATE88acs B4 gl dahasaB ars thecsa i
describgslitatthe wirg-Rancalepatkagexdts. The method of FIG. 13 differs

from that of FiG 2 that ap addional act 94 i perforned fo 00 . g o
conductive flip-C |f) Balifl of bu?nps f 3 SRR KHLRR AL s udnﬁuranﬁg, &
atop thbeaxistind ddniGuttivenredsstriigutidly badidnor veunapsi5800Tinigy detused 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 the semi¢onductor dice 50, as shown in

FIG. 16. Optionally, prior to singulation in act 88, 30 a further dielectric layer
(not shown) maydoghagaplied @irg padipio ot thaiactive puptattc42taidh@ese should
wafer 40, includi xpased partions of the active surface 42, bond pads 52.. ..
oot EaT A e B i O o S A B R Proviing
condudlivératipns sifs anbexnnpsl 88, dedvihpavndbiciveiipdhieibaiidive o wiise
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inverted and the flip-chip balls or bumps 100 of package 70 are attached to a
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1
substrate omp a wafer, a partial wédfer, another die, a circul

board &rmh@gd@gﬁpm.cérhhp@héﬂmdeﬂhécmvemtdthmfﬂﬁea@insmgmﬂlat@ctmﬂﬁey
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substrate shaped like 10 a wafer, singulation may be performed following
flif-chits e s s Aro8MMACEAEIEEERY 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



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. Fer example, four semiconductor
dice joined edge to 25 edge in a row may be simultaneously flip-chip

attached to another substrate. Such an @ppieéch 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 Widtriegliresdesver process steps with the elimination of under-bump
metallization. Further ,ihe Rr esanbiRyeRiguAlQ RIRUIdes AR AIIeClNE 50

interim solution for wafer-level packaging in which cost is still unacceptably

high for*TRFYA8iding wafers and conventional wafer-level packaging
technofagydmpeat vattfolly saarvneicialiagrthavihg Affheugh sheoiar eg@imgrmed on an
description cg&ggénss %%Q}/hgl%%giﬁc details, these should not be construed as
limiting the scope of the present invention, but merely as providing
illustraticrdiof soieestexempkatyopiviiydiondnts vSinayitadymotharsenpbodityerithiterally
of the inventjgn gy b davised i do .00t derardrem the-A5PRf 9h i upper

present invention. 5 Moreover, features from different embodiments of the

présent inverstidh TR IEheRipeyEt RGBS aHBACC he scope of the
inventiginisn ghesriarry srdicadectiapdulipited baly RYsthea appantpit igigdaductive

and their lega equiyalents, raiher than by the, foregoina deseription, Al
additions, del&ions, and modiications 16 the exempfary embodiments of the
invention, asdésatosedvepkiralvyhichl fall within the meaning and 10 scope of

the clajms A GRIAGE ARk téh GhalMr Whak {5 cmedhiss 1- A

method for fabricating a semiconductor substrate assembly, 5 comprising:
préviding at least one semiconductor die having a plurality of bond pads
formed on arp, The method of claim 1, further including forming the at least one

anisotropically conductive layer to comprise conductive elements in the form of

discrete metal columns embedded in a polymeric material.

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

columns to have a diameter of about 1 gm to about 15 ym.

4. The method of claim 2, further comprising forming the discrete metal
columns to have a diameter of about 2 ym to about 8 ym.
25
5. The method of claim 2, further comprising forming the polymeric

material as a tape or film.

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

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



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 a plurality of conductive bumps on the at least one
anisotropically conductive layer with each conductive bump in contact with at
least one cormuctiveéheleseiat @fclbienpl ufalifgr archibimangcniig hendrast one
betwee, (e Bonfl pads and.he condclive bumps. 19 2, e method of
claim f, %ur%gr in uél)lng ?ormm}é the at feast one ani oProplcaIIYy ‘conductive
layer to comprise conductive elements in the form of discrete metal columns

embedded inga polyfeticmaieialaia0 3 e Bsiedinl claim 2, further
comprising forming the discrete metal columns to have a diameter of about 1

uni to BB6IeLBAR keaTRaHTEIEANdr it X Tarth et RIS g RBKHiRg Ahgrminal
discrete metghdalumnstehaveardiameter of about 2m to about 8m. 25 5,

The method of clajm 2, further comprising farming the polymeric material as
a tape BT 5 R A SR or D LA SO BRUP TP B o
conductive 3@wiemeprdsof at least one of tungsten, 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
sdfface by arf-adhedRemstPASAdiALEY BIrtginP TP eSS MYy bstrate to

placingéhpdeasboneiramiznnduatondin on, a sulistalecha\diRgawakdrabity Of
terminal Pﬁd\g gn a surface thereof; and forming wire bonds between the

plurali fot'condUctive bumps 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 least one senffticonductor die, the bond pads,

the conductive bumps and the wire bonds. 11. The method of claim 1, further
comprising attachinghtheebodoCtidem QU ter e ao rasiciheseldatoanis by dd
least ong othih lempsralirs, diasanie, 20 vibralion and pysisal pressie i,
12. The’method of claim , wherein eyconarﬁlcctlvelbumps Are Tormed on the &
conduetivetedeiprdhtsaaductive leirer et scarel doritiesidh perd madfiostithacent dice and
bonding.griihg-olheRaHeEh&laimefurther 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 barsd padscesiratypiataied alanganmxigdinzg sheieemharenvbei@itor

attachiéllget?r% at least one @nisotro { all¥.conductj

m the wafer and severi € anisotropi ayeclq'{uzticgqgl “r%ea‘? ng the
attaching an anisotropicaly ‘onductive layer adjacent the pluratity 6 Bsnd

pads drepposing sides thereof. -16 15. The method of claim 14, wherein the
at least one semiconductor die comprises a wafer including a plurality of
semiconductor dice, and further comprisin%leanisotropically conductive layers

bétween plurklities SroBENFAASCET AdjalEReriRe!UHEE BRUAHIAPEGEfcast one

bounda¢ier sheueleticanhodfdhn dhe smethaeiafi€laiparis, fursebinshiding plurality
singulat}r;g semié:ondu tor dice from the wafer qndls{ev rinﬂ.the tor di
anisotr%plc%}ﬁ?réouncgffc Ve 533/&% %rlg(r)lréll%ﬂ?em%g@nu anes) 16 179”[4% (r)ﬁéltl Gd of
claim 1, further including providing the at least one semiconductor die in the

form of a singglatedgi6,, R HRLIRATErCOMRHRING 2 MHPYY semiconductor die

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 foriding wire bonds between the

bond pads and the conductive bumps. 19. The method of claim 1, further
comprising faming Eiratheetidal uralisyhop02 @ eosiduktivel idsnyns mibenplicradite
of conductive dumps: 20 e mefhod of claim. I3 flher comprising; placing
the at feast one semlconducpogr e aclive surtace down on a substrate aving
a plurafiypofseemvintarpeds orbdraiariacelthbee ofwmptis thesotditseibiserskicpr
the 2%ﬁ@q}bﬁft%&{%&yd&%%%ﬂ%@%r%ﬁ@%&%ﬁ@&% RAdS@NALORAIRG HGive

conductive bumps of the another plurality to the terminal pads. 21. The
métho8WIRI&HN2 6" 9ltehe I EY S Reydeddedhy treistbitfate to comprise

one of a circuit board, an interposer, a semiconductor die, a wafer and a 30
partial Wafer.2-3’l.7 22rh'le'he e(m)?d of Cﬁﬂ] Zé%%wherem.the at least on

. L metho clallm rthéer com l’lSlI} ntfroducing a diele tric
semiconductor die comprises a wafer iriciuding a plurality of semi€onductor

dice anddérélbubetrabebetonaprisest evshfor-svaleosdbeirades andifeidstrate.
comprising singulating semiconductor dice from the wafer and segments

from the wafer-scale substrate after the conductive 5 bumps of the another
pl¥ality are Bdnded 5 thehedpisiaipakts fogher GRPREIRCET Ll e @ yakee Pt

comprisinguiniveduaipg adiviecyias undeidill maierial thelywesneéhevah leap@ne

semicondur%tl?r die and }he substrate. 10 %4. The mgthodecg claimt_’Ltg further

compriSiig Eovermirthe Pty of QoralAN TS IRS Y5 BERU DA AR g
the wingdehigs tipesebdvebrovgth a dielectric material, leaving at least a
portion of each of the conductive bumps of the another plurality exposed

therethrough. 15 25. The method of claim 1, further comprising forming the

cdhductive imps BRMREWIRS B8t drgeaecomprising forming the conductive

bumps and the wire bonds of gold.

26. A semiconductor substrate assembly, comprising:
at least one semiconductor die having a plurality of bond pads formed on an active
20 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
25 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.

217. The assembly of claim 26, wherein the at least one anisotropically
30  conductive layer comprises conductive elements in the form of discrete metal columns

embedded in a polymeric material.



26. A semiconductor substrate assembly, comprising: at least one
semiconductor die having a plurality of bond pads formed on an active 20
surface thereof; at least one anisotropically conductive layer comprising a
plurality of laterally isolated conductive eleftents disposed in a dielectric
material and having upper ends exposed therethrough attached to the active
surface; a plaality aheasdudiyehimppniviteeat thastsone: ansdiropiaalyiave a
condu%tglrgelta}/gf agSUYV'th each ((:)oppyctive bump in contact with at least one
conductive elemént of the pIurahly 4nd wire bonds between the bond pads

and the conductive bumps. 27. The assembly of claim 26, wherein the at

least one anisgtropigally 3 EANGHQINME 13y ShERMRASER CORIMGIVERIRMENRR: a

in the form of discrete metal columns embedded in a polymeric material. -18
283 ThelaEeshIHorthih bRkt éM-the discrete metal columns have a
diameter of about 1 um to about 15m. 29. The assembly of claim 27, wherein

the discrete ry&tal cﬁllumns ve a 5 di ether of %?outIZm to a%?ut ?m. 30.
. .ne cm of. clazm whnerein the pol eric maiterial co T1SES a

The assembly of claim ﬁsf, Wherein the pdlymeric ma er%lflcomprlses a {[é%e

or filmtd@ 8dfilfhe assembly of claim 26, wherein the conductive elements

comprise at least one of tungsten, aluminum, copper, silver, gold, and alloys

thereof. 32. The assembly of claim 26, wherein the at least one ,
anfsotropicall! - condhe e BRI of<c Kt e i e el i oL ehipsemF s comprise at
adhesingst a3k thhg @ssanblyuaf, elaipe6ilfurtbercamprisinghasbstrate
having a plurality of terminal pads on a surface thereof; and wire bonds
between the plurality of conductive bumps and the plurality of terminal pads.

32. The assembly of claim 26, wherein the at least one anisotropically

conductive layer is attached to the active surface by an adhesive.
15
33. The assembly of claim 26, further comprising:
a substrate having a plurality of terminal pads on a surface thereof; and
wire bonds between the plurality of conductive bumps and the plurality of terminal
pads.
20
34. The assembly of claim 33, wherein the substrate comprises one of a

circuit board, an interposer, a semiconductor die, a wafer and a partial wafer.

35. The assembly of claim 32, further comprising a dielectric layer over the
25  at least one semiconductor die, the bond pads, the conductive bumps and the wire

bonds.

36. The assembly of claim 26, wherein the conductive bumps are attached to
the conductive elements by metallurgical bonds.

30



20 34. The assembly of claim 33, wherein the substrate comprises one of a
circuit board, an interposer, a semiconductor die, a wafer and a partial wafer.
35. The assembly of claim 32, further comprising a dielectric layer over the

25 at least one semiconductor die, the bond%ads, the conductive bumps and
the wire bonds. 36. The assembly of claim 26, wherein the conductive

bumps are atachedte dhentindoctive et merstsiyidnetallorgicalbenasd 82 wire
-19 37bgnh 2 as ml%IX (%f cll%im 26, wherein the conductive bumps and the

wire bonads are formed (%ng(jld. 38. The assembly of claim 26, wherein the at
least one semiconductor die 5 has the plurality of bond pads centrally

located alonggin axis dheteab RNt g ALIEIFLNR BRIRALAPIGRIN CAHELNE die
layer comprises a plurality of anisotropically conductive layers adjacent the

pluralifedfisoNE HE¥ ST RPRD Bk enLilbs tetdorons arpeisdesphpbihg aidgast
38, wheteunilveraiilaastconeuseipicgsesipridie a ueampsisessamuvpilenly conductive
including a plurality of semiconductor dice, and the plurality of anisotropically
conduti e L B R LR B e B of aciacom
semiconductor dice and extending over boundaries therebetween. 40. The

assembly of glaim %eﬂ&%@&}@&%‘ﬁ@&t RgSEmMICANANEdigdR ohautidGe

form of a singulated die, a partial wafer comprising a plurality of _
sdfhicsRBEtss ARG Wi LBIHBHSIRG SSPIEratYy BF dismrshilit elgradiye!
41. Thenassepibiy o @lainizé ] fuih ek CipEidaipehaaatpRiMUEYbBhd pads of
conductjve bumg}s eacllch conductiye bum% of theaalrllo her pLuragB)( dislposed

t
on oné'OF 5B K& BRI b CoRBUETE BlRps" E3SEEMB Bt ¢laim

41, further comprising: a substrate having a plurality of terminal pads on a

surface theregj Withrﬁ%%&%ﬂ%‘}’fﬂi’@laﬁﬂ%?%vﬂgaﬁ ARAMNELPUHAIRA bnductor die is
alignment with and bonded to the terminal
15  in the form of a singulated die, a partial wafer comprising a plurality of semiconductor

dice or a wafer comprising a plurality of semiconductor dice.

41. The assembly of claim 26, further comprising another plurality of
conductive bumps, each conductive bump of the another plurality disposed on one of

20  the plurality of conductive bumps.

42. The assembly of claim 41, 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

25 pads.

43. The assembly of claim 42, wherein the substrate comprises one of a

circuit board, an interposer, a semiconductor die, a wafer and a partial wafer.

30 44, The assembly of claim 43, wherein the at least one semiconductor die
comprises a wafer including a plurality of semiconductor dice and the substrate

comprises a wafer-scale substrate.



25 pads. 43. The assembly of claim 42, wherein the substrate comprises one
of a circuit board, an interposer, a semiconductor die, a wafer and a partial
wafer. 30 44. The assembly of claim 43, wherein the at least one
semiconductor die comprises a wafer includfing a plurality of semiconductor
dice and the substrate comprises a wafer-scale substrate. -20 45. The
assembly of alim 4khefustb@bgosnprigingrarditlecttmprderfilldimateitalnderfill
between {he faf'g ast OE ?] as?glqedéje%?cro%' anddthe s(p%e rate 46 The
assem%]ﬂ/ Of claim 41, further comprising a dielectrié matena % covering the
plurality of conductive bumps, the bond pads and the wire bonds
therebetweenand l@ﬁmgeﬁ{ﬂ%ﬁ{@aﬁﬁamu%m%m%%%@mgﬁ

of the another plurality exposed therethrough
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.



