SEMICONDUCTOR WAFER HAVING THROUGH-HOLE VIAS ON SAW
STREETS WITH BACKSIDE REDISTRIBUTION LAYER Field of the
Invention The present invention relates in general to semiconductor
packaging and, more particularly, to stackable semiconductor die having
through-hole vies formed along saw streets with backside redistribution
layers. Background of the Invention Semiconductor devices are found in

many produSEHSRPHHRI SFAFSSti BRY BEmIEBi NS HhdVapslications in
consumeP et sBEREAE & ntertHiFAERE T mRTR it AORYT TR tWSHKER

computers, and household items markets. In the industrial or commercial
market, semiconductors are found in military, aviation, automotive, industrial
controllers, and office equiphtofhERPafRif&E{t8™f semiconductor devices
involves formation of a wafer having a plurality of die. Each die contains

hundreds q%h%tisea&qlsc of Br\%}%gtgﬁs Qgpaggge ry gcggg Aand passive devices

performing a variety of electrical functions. For a given wafer, each die from
the Walfergisically perforhisdthel safte efettficaf Tunctonr Ffont-eénd
mantfactinig geaeraly seters todfermatian ©f the semicoriducior devices on

the wafer. 1hs fiysbed walerhas an gclive side, coptaining the yapsistors

and other active and passive components. Back-end manufacturing refers to
cuttiny¥6r Singulating the finished wafer into the individual die and then
packaging the die for structural support and/or 1 environmental isolation.

Background of the Invention

Semiconductor devices are found in many products
used in modern society. Semiconductors find applications
in consumer items such as entertainment, communications,
networks, computers, and household items markets. In the
industrial or commercial market, semiconductors are found
in military, aviation, automotive, industrial
controllers, and office equipment.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other
active and passive devices performing a variety of
electrical functions. For a given wafer, each die from
the wafer typically performs the same electrical
function. Front—-end manufacturing generally refers to
formation of the semiconductor devices on the wafer. The
finished wafer has an active side containing the
transistors and other active and passive components.
Back-end manufacturing refers to cutting or singulating
the finished wafer into the individual die and then

packaging the die for structural support and/or
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Semiconductor manufacturers are increasingly adopting packaging
techniques which involve three- dimensional (3D) interconnects between the
semiconductor devices. The 3D interconnects provide advantages such as
size reduction, reduced interconnect length, and integration of devices with
different functionality into an overall 3D package. One way of implementing
3D interconnects involves the use of through-hole vias (THV). THVs are
typicalK/ foeated sdrouhticthetpefimeter of the die along its saw street guides.
Most, if not<all, semicanducion packagesryse the TidYsderayte signals

betwegn adiacent die, Howeyer, THYS alane limit,signal ruting options and
reduce signal routing Jensﬂy. Present day high o?ensny pacﬁaglng require

high'd@Rsity °and flexiblelintercorinett capabiitySWHieR is et ¥ aehieve
throughiEdYs. Arneegbexists:ta-ticrease sighal teuting optionss anc-density

in a semiconductor warer having THYS. Symmaryofthe Inyention In one
embodiment, the present invention is a method of forming a semiconductor
wafe'E6MHSIAG thE SEEP< 8F fofhting a SerArebhductowaitér having'a°
pluralityo-of the witp coataciqeads dispessd on arfisskserfacepfipach die, the

semjconquctor wafer | J@%@V’éﬁér%?éeggpet%%&%]ﬁ@ﬂo%?@QL% forming a

trench in the saw street guides, fiIIin%the trench wi of[g?anlc material,
forming'a plurdliti? of Ufa hoke<Ci'the organitmatenar fotmiRgtaces™
between ltke Contacbpadstand via boles;t deposiing cundugctive material in

the vigy holes; o fgrm, tnefalvias, frming redistripution lavers (RQL),a0 4.2
between adjacent die. However, THVs alone limit signal
routing options and reduce signal routing density.

Present day high density packaging require high density
and flexible interconnect capability, which is difficult
to achieve through THVs.

A need exists to increase signal routing options

and density in a semiconductor wafer having THVs.
Summary of the Invention

In one embodiment, the present invention is a
method of forming a semiconductor wafer comprising the
steps of forming a semiconductor wafer having a plurality
of die with contact pads disposed on a first surface of
each die, the semiconductor wafer having saw street
guides between each die, forming a trench in the saw
street guides, filling the trench with organic material,
forming a plurality of via holes in the organic material,
forming traces between the contact pads and via holes,
depositing conductive material in the via holes to form

metal vias, forming redistribution layers (RDL) on a
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second surface of the die opposite the first surface, forming repassivation
layers between the RDL on the second surface of the die, and singulating
the semiconductor wafer along the saw street guides to separate the die into
individual units. In another embodiment, the present invention is a
semiconductor wafer comprising a plurality of die with contact pads disposed
on a first surface of each die. The semiconductor wafer has saw street
guidesBetveen feaeh Hie FADIdtAlityBIaREtal Has iSfofhetliflitersaw
streebguides apgdds sureaunrded byeorganicwaateriale ARmluralityof traces
connects the_contact p%f_dscgreld Omg}alagi?ass A Elli%at"% é?f tF%[gLs is formed on a
second surface of the die opposite the first surface. A plurality of
repaSSNVAITON Tayers is¥bemet! BefivESh the'RPES6H tHE18686oAd surface of
the digodnanothes embodiment,thepresentunvention is a semiconductor

package comprising A plyrality of stacked die. Each die,includes aplurality of

contact pads disposed on a first surface of the die, a plurality of metal vias
forned afsHg aperintEtePof Belie Sa flutality 6Ptrat8s Hletirfcallyt"
conreecting the anetal i viasstadthencantaict pads; & pluratity o RDbsdormed on

a seeand syrtage,qt e die, ppposite t?%ﬁ@ééé‘éﬁa%i%{%ds 3 plurality of

repassivation layers formed between the RDLs on the second surface of the
die. THE'RBEs prévide eledtrical inttéanndctBetweéRtHeStatkédie2h
anothereembodimentthe presentinventiondg arsemiconducior package

comprising A firsy semiconductar, die having contact pads.and metal yias
formed on a first surface anngRa perimeter of the die electrically
vias. A plurality of RDLs 1s formed on a second surface

of the die opposite the first surface. A plurality of
repassivation layers is formed between the RDLs on the
second surface of the die.

In another embodiment, the present invention is a
semiconductor package comprising a plurality of stacked
die. Each die includes a plurality of contact pads
disposed on a first surface of the die, a plurality of
metal vias formed along a perimeter of the die, a
plurality of traces electrically connecting the metal
vias to the contact pads, a plurality of RDLs formed on a
second surface of the die opposite the first surface, and
a plurality of repassivation layers formed between the
RDLs on the second surface of the die. The RDLs provide
electrical interconnect between the stacked die.

In another embodiment, the present invention is a
semiconductor package comprising a first semiconductor
die having contact pads and metal vias formed on a first
surface along a perimeter of the die electrically
connected to the contact pads through a plurality of

traces. The first semiconductor die further includes a
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connected to the contact pads through a plurality of traces. The first
semiconductor die further includes a 3 plurality of RDLs formed on a second
surface of the die opposite the first surface and a plurality of repassivation
layers formed between the RDL on the second surface of the die. A second
semiconductor die is disposed adjacent to the first semiconductor die and is
electrically connected to the first semiconductor die through the RDLs. Brief
DesBriptidhidhthe DRAWI gL FISS. P iIRRIFAE toprand Sidé vidwsbfa
semigpnrductor wafer haing e phualibnef die-separated by saw street
quides. FIGs, 2a-ab MUSBle lop AL side.vaws ot the,semicondudtar yafer
with cut saw street guides; FIGs. 3a-3 ﬁlustrate top and side views of an
expaNSibrC6f te 8% Sttéets; FIERS AL ABMUSHATE (50 arft SideSviews of the
expanded saw streets fitledowitheorganie materiadn ddGsHatbd iHustrate top
and side viqws of formind via holes {rough e organic matedal i (e saw
streets; FIGs. 6a-6b illustrate top and side views of forming conductive
traceSHetiHeen thé'Bbfitact pads and via holes; FIGs. 7a-7b illustrate top and
side views of depositing conductive material in the via holes; FIGs. 8a-8b

illustrate top and siggi\ggmg,egfc;%pgrbglbggk,g}gee Mﬁrj}g}gion layers and

repassivation layers;

FIGs. la-1b illustrate top and side views of a
semiconductor wafer having a plurality of die separated
by saw street guides;

FIGs. 2a-2b illustrate top and side views of
the semiconductor wafer with cut saw street guides;

FIGs. 3a-3b illustrate top and side views of
an expansion of the saw streets;

FIGs. 4a-4b illustrate top and side views of
the expanded saw streets filled with organic material;

FIGs. 5a-5b illustrate top and side views of
forming via holes through the organic material in the saw
Streets;

FIGs. 6a-6b illustrate top and side views of
forming conductive traces between the contact pads and
via holes;

FIGs. 7a-7b illustrate top and side views of
depositing conductive material in the via holes;

FIGs. 8a-8b illustrate top and side views of
forming backside redistribution layers and repassivation
layers;

FIGs. 9a-9b illustrate top and side views of
cutting the metal vias into two half-circle vias;

FIGs. 10a-10b illustrate top and side views of
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FIGs. 9a-9b illustrate top and side views of cutting the metal vias into two
half-circle vias; FIGs. |0a-10b illustrate top and side views of 4 a
semiconductor die with metal vias formed along the saw streets; FIGs. lla-llb
illustrate top and side views of two side-by-side metal vias formed along the
saw streets with redistribution layers on the backside of the die; FIGs.
12a-12b illustrate top and side views of cutting the organic material between
the fiv6 STHEDYASItlee mets Was toieparate fife He"EGS134- 1315 iIRAtrate
top andside views of a semiconductor die with metal vias along the saw

streats; FIG. 14 llusifates die-tg,die stagking.using digel metabtg;petal via
bonding; FIG. 15 illustrates the semiconductor die with metal vias connected

to a 'SEcohtaiePWith §61d8? imps 2 FIITE flustPitesthe semicordsctor die
withunetalndas conneatedriola seconshdiehwithdaond adres; H16. dife ;
llustrates anotheg grabodiment of intergonnecting, die,ysing,metal yias on
saw streets and backside RDL; and FIG. 18 illustrates another embodiment
of iﬁﬁé?EéHﬁeEﬂﬁg%ﬁ@%ﬁgWﬁé?&li\ﬂéskEﬁ'FgﬁﬁPst‘féétstHﬁdsB%Rgﬁesm.
Detaited: Description etthe Brawingsdihe present invention is described in

one or more embodiments in the fqllowing deseription with kefefence 1o the
Figures, in which like numerals represent the same
a semiconductor die with metal vias along the saw

streets;

FIG. 14 illustrates die-to-die stacking using
direct metal-to-metal via bonding;

FIG. 15 illustrates the semiconductor die with
metal vias connected to a second die with solder bumps;

FIG. 16 illustrates the semiconductor die with
metal vias connected to a second die with bond wires;

FIG. 17 illustrates another embodiment of
interconnecting die using metal vias on saw streets and
backside RDL; and

FIG. 18 illustrates another embodiment of
interconnecting die using metal vias on saw streets and

backside RDL.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference
to the Figures, in which like numerals represent the same
or similar elements. While the invention is described in
terms of the best mode for achieving the invention’s
objectives, it will be appreciated by those skilled in

the art that it is intended to cover alternatives,



or similar elements. While the invention is described in terms of the best
mode for achieving the invention's objectives, it will be appreciated by those
skilled in the art that it is intended to cover alternatives, 5 modifications, and
equivalents as may be included within the spirit and scope of the invention
as defined by the appended claims and their equivalents as supported by the
following disclosure and drawings. The manufacture of semiconductor
devieesihvBRes Tormatisncoiia Wrdfer haviig 2epluralit 6 arRe E & e
contains hundreds ar theusands ehtansisiars and-athes rastive and-passive

dewcgg e (;%rrg ng one or,mare. glectrlg% uenncc'tlson<_jsSE For a given vy)afetrhgach

die from t e wafer t%iéaeﬂﬁ/ perform%qt e same electrical function. Front-end
manifacRitirity geheralyréfrerste feratidhs of the semiconductor devices on
the wafer. Tihe dnisiiaed waterdras aniactiveiside-caataining the,diamsistors

and other actiye and passive fomponents, Backsend, manufactyring rgfers to

cutting or singulating the finished wafer into the individual die and then
pack&ging'the 8ieforstructaral’ supportant/or "énvitéhrientalfsotation. A
semicanductor wates gereradly inekides-anactive drentsidesurface having

semicendygtor deviges disposed. theregn, and a packside sugface fogmed

with bulk semiconductor material, e.g., Silicon. The active front side surface
contaifis “pRirafiPorsemicoivddciordie T e aetivestifacé is formed by a
varietynof-semicomduetorprocessesaincluding layesingl, patterping, doping,

and heatlreatment. \ndhelayeing ROSESSevices on the wafer. The
finished wafer has an active side containing the
transistors and other active and passive components.
Back—-end manufacturing refers to cutting or singulating
the finished wafer into the individual die and then
packaging the die for structural support and/or
environmental isolation.

A semiconductor wafer generally includes an active
front side surface having semiconductor devices disposed
thereon, and a backside surface formed with bulk
semiconductor material, e.g., silicon. The active front
side surface contains a plurality of semiconductor die.
The active surface is formed by a variety of
semiconductor processes, including layering, patterning,
doping, and heat treatment. In the layering process,
semiconductor materials are grown or deposited on the
substrate by techniques involving thermal oxidation,
nitridation, chemical vapor deposition, evaporation, and
sputtering. Patterning involves use of photolithography
to mask areas of the surface and etch away undesired
material to form specific structures. The doping process

injects concentrations of dopant material by thermal
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semiconductor materials are grown or deposited on the substrate by
techniques involving thermal oxidation, nitridation, chemical vapor
deposition, evaporation, and sputtering. Patterning involves use of
photolithography to mask areas of the surface and etch away undesired
material to form specific structures. The doping process injects
concentrations of dopant material by thermal 6 diffusion or ion implantation.
TheHctivessGrfaee isosubstakitialiyplanar afttunfbimawiRdleeticst
intercasnects,isuck asibead pads.ddiF ehip semicenductarqeackages and
V\(afel_rn level, chip csa}le_ &a%kaé%e%g%@a re com_monly used With_ integrated_
circuits (ICs) demanding %lgh speed, high density, and greater pin count. Flip
chip style pakbkaging ingslvesmotintingPar'stdive aresh BRiife die fatedown
towarntia chip cargersabstratey prittedc eicitioarce(PGB)n The active

area ¢ontains active and, pagsive, dgyices, copdyctive Jayers. %Q‘%Qieledfic

layers according to the electrical design of the die. The electrical and
mecfahicaMntércorniett is achievéd through'd Bofderbdmpstructure
compiisinag anlargenumber mohindividuah conduetiversalder btimaps of balls.

The csolder humps.are formed onLihe; bump pads which are ;qispgsed on the

active area. The bump pads connect to the active circuits by conduction

tracks or trdce¥ it the Fadtive atéd. ThE StIder Baunips are Eleéfrically and
mechasicaly connected totle contact padson thelcatrker ubstrate sy a

solder reflow,pracess, The flin chip, semiconductor package prpyides a short
electrical conduction path from the active devices on the die to
electrical and mechanical interconnect is achieved

through a solder bump structure comprising a large number
of individual conductive solder bumps or balls. The
solder bumps are formed on the bump pads which are
disposed on the active area. The bump pads connect to
the active circuits by conduction tracks or traces in the
active area. The solder bumps are electrically and
mechanically connected to the contact pads on the carrier
substrate by a solder reflow process. The flip chip
semiconductor package provides a short electrical
conduction path from the active devices on the die to
conduction tracks on the carrier substrate in order to
reduce signal propagation, lower capacitance, and achieve
overall better circuit performance.

In the present discussion, a WLP is provided having
through-hole vias (THV) formed along saw streets. The
backside of the wafer has redistribution layers (RDL) for
interconnect flexibility separated by repassivation
layers. WLP with THV formed along saw streets are
described in U.S. Patent Application Serial No.
11/744,657, entitled "Through-Hole Via on Saw Streets",
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conduction tracks on the carrier substrate in order to reduce signal
propagation, lower capacitance, and achieve overall better circuit
performance. In the present discussion, a WLP is provided having
through-hole vies (THV) formed along saw streets. The backside of the
wafer has redistribution layers (RDL) for interconnect flexibility separated by
repassivation layers. WLP with THV formed along saw streets are described
in USdpatentApplitation SERAIRG. 2PP742657 effiléd * THrough-Hole Via
on Saw Btseets!, 7-and fudher itk SoPatent Appligation Seriah N gh -
LL76884¢, gnilied. Packpas on Package sing Thiouoh Holg ¥ia Die on
Saw Streets", which are incorporated 'herein by reference. Turning to FIG. la,
a seMifcohuetor #af&F309s shown having a plurality of die 32. The die are
separated hyrintexrdieowafer. area 36, commorly knowm ase saw street guides.

The saw stieet gujdes are,routed around the wafgr such that there is a saw
street on every side o}i?eachldie on the wafer, i.e., around a perimeter of the
die. TAGH @€ 32N ad A STUrality (6°EShtatt pads® 3e-fitred bR dcti/2 side

of tr@diestﬁ}@maoj@at&% are maﬁeﬁﬁumi@qmeﬁmm@r,mmed _
aluminym/capper. alloys. .Contact pads 38 electrically, coppect tg actiye and

passive devices through conduction tracks or layers formed on die 32. The

contatt padls Eafbeldispused sidér tiiFside & firstartarice fFomthe-édge of
the die, as shiown imdd6.dacsAliernately, thewecentact pads-candie gffsat in

multipleows sugh that afirsyLow; at.captaci.pads aredisposed a fitst g

distance from the edge of the
are made of aluminum, copper, or aluminum/copper alloys.
Contact pads 38 electrically connect to active and
passive devices through conduction tracks or layers
formed on die 32. The contact pads can be disposed side-
by-side a first distance from the edge of the die, as
shown in FIG. la. Alternately, the contact pads can be
offset in multiple rows such that a first row of contact
pads are disposed a first distance from the edge of the
die, and a second row of contact pads alternating with
the first row are disposed a second distance from the
edge of the die. A solder bump or wire bond will later
be formed to connect to each metal contact pad for
electrical and mechanical interconnect to a chip carrier
substrate or printed circuit board (PCB).

FIG. 1lb is a cross—-sectional view of wafer 30,
taken along line 1b-1b in FIG. la, showing die 32
separated by saw street guides 36. In one embodiment,
die 32 may have dimensions ranging from 2x2 millimeters
(mm) to 15x15 mm. The saw streets provide cutting areas
to singulate the wafer into individual die. A first die

32 is disposed to the left of the leftmost saw street 36.
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die, and a second row of contact pads alternating with the first row are
disposed a second distance from the edge of the die. A solder bump or wire
bond will later be formed to connect to each metal contact pad for electrical
and mechanical interconnect to a chip carrier substrate or printed circuit
board (PCB). FIG. Ib is a cross-sectional view of wafer 30, taken along line
Ib-Ib in FIG. la, showing die 32 separated by saw street guides 36. In one
embBbdiffetitd dieés32 may HaverdinsensSioreSahdiRg from 262 feillimeéfers
(mm) tonlexl o 1BMe 2The savwssteets provide culiing arasdo:singulatethe
wafer intq individual die A first die 3% is d.ispo§%% 1o the left of the |eftmost

nce the walfetr 18 ; set o
saw street 36. 8 A second die 32 is disposed between the' saw streets 36. A

thirdr8ie-32 iskfisPosed R 1RE rifht CrtherAigRIMOSE SaWf street 36.°Ohee the
wafemis singutateds eachosetah £ontact padsdispased avithe respectve die

will provide the, glectrical and meghanical Jﬂtﬁé%o%e%foar%@ﬁ% dig L FIG.
2a, semiconductor wafer 30 is again shown with its plurality of die 32,
sepdrdtBd By sanstéet Yy fides'36. Bicin§Rape 4 iLappied 1bthethack of

sen@ﬁg@@ucm waffer_ca&tprtsatpgctwalisuappnﬁ@fdlh@a wafengame
following manyiacturing-operafions, as ,shown jn FIG; 2h which.ig a

cross-sectional view taken along line 2b-2b in FIG. 2a. Saw streets 36 are

cut By FEGtting ot 441 9n 'Shie' efitbddiient utting 18oPR4 GHn B a Saw or
laseshNote thatthe cattinghtaol completebs severs threugh afer 30:to form a

well or freneh 42. ke, battom;of trench 42 is defined by dicipg tape 40. The

formation of trench 42 arises from a first singulation of
cutting tool 44. In one embodiment, cutting tool 44 can

be a saw or laser. Note that the cutting tool completely
severs through wafer 30 to form a well or trench 42. The
bottom of trench 42 is defined by dicing tape 40. The
formation of trench 42 arises from a first singulation of
wafer 30, which creates a trench width that is less than
a width of the channel of saw street guide 36.

In FIG. 3a, semiconductor wafer 30 is shown with
its plurality of die 32, separated by cut saw street
guides 36. Wafer 30 undergoes a wafer expansion step to
increase the width of saw street guides 36. FIG. 3b is a
cross—sectional view of wafer 30, taken along line 3b-3b,
showing the die being pulled using a wafer expansion
table as shown by directional arrows 46. Alternately,
the die can be picked and placed onto a wafer support
system. In any case, the die are positioned farther
apart following the steps of FIGs. 3a-3b to create wider
saw street guides. In one embodiment, the die separation
increases from 50 micrometers (um) to 200 pm. The
expanded dimension depends on the design embodiment, i.e.

half via, full via, single row via, or double/multiple
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wafer 30, which creates a trench width that is less than a width of the
channel of saw street guide 36. In FIG. 3a, semiconductor wafer 30 is shown
with its plurality of die 32, separated by cut saw street guides 36. Wafer 30
undergoes a wafer expansion step to increase the width of saw street guides
36. FIG. 3bis a cross-sectional view of wafer 30, taken along line 3b-3b,
showing the die being pulled using a wafer expansion table as shown by
direéf@ndl&rrows 46. Alternately, the die can be picked and placed onto a
wafer suppoertrsystem., Insany caseudhe die arerpasitiopedfantheri apart

folloying the, steps, of f1Gs.32:30 to greale. wider saw stieet guides. In one
embodﬁment, the die separation mpreases?rom 50 micrometers (pm) to 200
pm. Thé'expénded dirtersion depetids nthe’Gesightembodimetitcile A half
via, tyll via, isingleciow wa, aedaublelmyéple 9gow viagdniklGadarial
semjeondqelol walel 30 s suau withe s plugality of dig S2.sepajated by cut
saw street guides 36. Organic material 48 Is deposited in trench 42 by
spin3coating ordieddle dispensdihg-OfganicThatefal a8 can i’ °of
benzacycloboutenaXBLB), qalyimice (F),4aor, actylic resiorddGidb is a

Cro%%é%%‘%@%’ﬁ'z;‘@%“’%& Jvater 30, taken alopg ling Ab-4b, sHOWIRg orggpic

material 48 deposited in trench 42. Organic material 48 fills trench 42 from
dicing tdpe WOPtipto the'topsurtace dof are32° INEIGS 5d) $emicondudsr

wafer£3@is shiown with its plurality of die 32, separated by saw street guides

36 filled with organicmaterigh 48, AV R0le.50,IS €Yt o shown with
its plurality of die 32, separated by saw street guides
36 filled with organic material 48. A via hole 50 is cut
into organic material 48 along saw streets 36. The via
cutting operation uses a laser drill or etching process.
Via holes 50 are placed along die 32 adjacent to contact
pads 38. In one embodiment, contact pads 38 and via
holes 50 have a minimum separation distance of about 20
pm to 150 pm, depending on the diameter and depth of the
via.

In FIG. 5b, the cross-sectional view of wafer 30,
taken along line 5b-5b, shows via hole 50 cut into
organic material 48 down to dicing tape 40. The laser
drilling operation is centered about the channel of the
saw street guide and makes a hole having a diameter less
than the width of trench 42, which leaves a layer of
organic material 48 surrounding via hole 50. The width
of trench 42 is dependent on the width of saw street
width, but typically smaller than the saw street width.
The diameter of wvia hole 50 is typically about 10 um to
100 pm, depending on the required via depth.

In FIG. 6a, semiconductor wafer 30 is shown with
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into organic material 48 along saw streets 36. The via cutting operation uses
a laser drill or etching process. Via holes 50 are placed along die 32
adjacent to contact pads 38. In one embodiment, contact pads 38 and via
holes 50 have a minimum separation distance of about 20 pm to 150 pm,
depending on the diameter and depth of the via. In FIG. 5b, the
cross-sectional view of wafer 30, taken along line 5b-5b, shows via hole 50
cut int6 BrgErTie ThatefalUs ddwn tGRCiAGIApRYAGEThe ASEF ArtiAgs
operatian imcenteredialoubthe ahannel of the ksaw streel-guizleiand makes a
hole ha\éi&g a diameter less than the width of trench 42, which leaves.a layer

tact d d
of orralénlc material 48 sur?gu?\alngp via hole 50. T%ec\?vfgtﬁs%??relnnc 42%s

dep8AdEnPBn thE"Ridth of sawstraed widtt:. BIRtyhidaliySmalie? than the
sawstteetswidih. cbhetameter of via hote 59 isdtypicallycabeut ) wnitenh 100

um, depending.qn the required via depth. In FIG, 6a, semicondyctor wafer 30
is shown with 10 its plurality of die 32, separated by saw street guides 36
withViatoles 507A ratal tFsck P trata 52 i Yot ftedHromPeacH tontadtpad

38 tpatlil_emresp@mdm.viasdsméeﬁh TracessS2 is é@r_@nadrﬂawamew_l _
pattggy@grm%e%%t% connect contact pads 38 to via holes, 50, which will be

filled with conductive material in a later step. Traces 52 are provided for each
contalct PadPantsAd Holé pairfigassHEwRY Some via Hotes S dre duhimy
viasdpettormingna etectricabiuriciian Accordinglye metalatracesd? need not

be rguied tq gvery yia, :'%&QS“E‘Q QN Hie device Jyngon. FIG. Bbiisas,

cross-sectional view o
connecting contact pad 38 to via hole 50.

In FIG. 7a, semiconductor wafer 30 is shown with
its plurality of die 32, separated by saw street guides
36 with metal-filled vias 54. A conductive material is
deposited into via hole 50 through a deposition process
such as plating or plugging to form metal vias 54. The
conductive material can be copper (Cu), aluminum (Al),
tungsten (W), or alloys thereof, or mixtures of other
conductive materials. Metal vias 54 are formed in and
are surrounded by organic material 48. Metal via 54
electrically connects to contact pad 38 by way of trace
52. Traces 52 are provided for each contact pad and
metal via pairing as shown. FIG. 7b is a cross-sectional
view of wafer 30, taken along line 7b-7b, showing metal-
filled via 54 electrically connecting to contact pad 38
through trace 52. The bottom of metal via 54 coincides
with dicing tape 40.

In FIG. 8a, semiconductor wafer 30 is shown with
its plurality of die 32, separated by saw street guides
36 with metal-filled vias 54. Dicing tape 40 is removed.

Wafer 30 is inverted such that contact pads 38 and traces
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wafer 30, taken along line 6b-6b, showing metal trace 52 connecting contact
pad 38 to via hole 50. In FIG. 7a, semiconductor wafer 30 is shown with its
plurality of die 32, separated by saw street guides 36 with metal-filled vias
54. A conductive material is deposited into via hole 50 through a deposition
process such as plating or plugging to form metal vias 54. The conductive
material can be copper (Cu), aluminum (Al), tungsten (W), or alloys thereof,
or mixtutes dfasthed EoMuctive Thatetials. Metal vas ba Hreformeerincand
are sygounged by organic;arateriad 48:heatal via 541 lectricadly .connaats to
contagl pard 8.y, way, of Uace, 52, J1ares 52, are pravipied for sach, contact
pad and metal via pairing as shown. FIG. 7b is a cross-sectional view of
wafér30rtaken albHdg iné"ARTh; showifgmetal fifled \ia 54 efedtfically
conmpeecting te@ tontaet pads3d dheough trace b2nJhe-bettosn of smetal #ta 54

coingides. with dicing tape 40, In FIG. 8a, semiconductor, wafer, 30s shown
with its plurality of die 32, separated by saw street guides 36 with

met&Rflled vids 52 Dieirtptape 20 i8Fkfioved. Wafer80 i nvert@aSuch
thatwcortaet pads 3@angd traces 11v52 aredacing dowrtas shown in FG. 8b

whiclyis a£ross; sectional view of wafer 30 taken, glong line 80-8b. Wafer

support structure 56 is attached to the bottom side of wafer 30. Wafer
suppOHistricttire 56°éan beltade fronT2gisss slicotstbsfrafe, Bother

materiall sditablestor i strueturally stipporting-thie-wafen A hacksites RDL 58 is
formed o, th ee%%lﬁj?&qf ‘é’ﬁ‘{%rr%gn yQAt 58630 be made, Jvith nicke! (Ni),

nickel vanadium (NiV), Cu, or Cu alloy.
integration, such as shown in FIGs. 15-18. Repassivation

layer 60 is formed between the individual nodes of
backside RDL 58 for electrical isolation. The
repassivation layer can be made with silicon nitride
(SiN), silicon dioxide (Si02), silicon oxynitride (SiON),
polyimide, benzocyclobutene (BCB), polybenzoxazole (PBO),
or other insulating material.

In FIG. 9a, semiconductor wafer 30 is shown with
its plurality of die 32, separated by saw street guides
36 with its plurality of die 32 having contact pads 38
connected to metal vias 64 by traces 52. Wafer support
structure 56 is removed. Wafer 30 is again inverted such
that contact pads 38 and traces 52 are facing up, as
shown in FIG. 9b which is a cross-sectional view of wafer
30 taken along line 9b-9b. Dicing tape 62 is attached to
the bottom side of semiconductor wafer 30 for structural
support of the wafer during the second or final
singulation to separate die 32. Metal vias 54 are cut
through center area 68 by cutting tool 70 as shown in
FIG. 9b. 1In one embodiment, cutting tool 70 can be a saw

or laser. The cut extends down through RDL 58 to dicing
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RDL 58 operates as an intermediate conductive layer to route electrical
signals to various areas of the die, including active and passive circuits, and
provides various electrical interconnect options during package integration,
such as shown in FIGs. 15-18. Repassivation layer 60 is formed between the
individual nodes of backside RDL 58 for electrical isolation. The
repassivation layer can be made with silicon nitride (SiN), silicon dioxide
(Si0R3PsiliESN BkyFifRies FSHONT S polyiRfidel behzocyélobiteneBCBYaL
polybenzoxazele (PBLY), sar. otherinsulating matesial phy EtGofQayemovess
semé%oen%cté)_sr wafer 30,is shown with_its %[Llj(r:al}% oJacEi)ig 32, separated by

1vigiial Units, ) .
saw street guides 36 with its p?uraflty of die 321havmg contact pads 38
connected’t® mEtal Vid3-64 By Faces 52 Water SdpportS SRR tIe"56 is
removeda¥WalerB0 sagaimbnerted sueht thatvaentact pads-38 and traces

52 aredacing,up, as shown I EIG, Al which,is,3 crpss-sectional yiew of,
wafer 30 taken along line 9b-9b. Dicing tape 62 is attached to the bottom
side'dfSemiCordbetor Mfet BG fotestrdctital Supipott of thé wafer during the

secmﬁjmaitsiastgul_a&omocﬁepmat@ d&a@%M&@daﬂa&ﬁ@a&&ep& _thfough
center area,68 by cutting togl [0.as shown in -51G, 8b¢n gng embadiment,

cutting tool 70 can be a saw or laser. The cut extends down through RDL 58
to ditig 12 tape 62 to completely sever metal vias 54 into two equal
half-circle viasr64.. Alpiek anchptacel opesation ¢eproMes «tiewd2 astndividual

unit%&mcdécggd@%%m&@e&% semiconductop dig, 32,15 shawg with

contact pads 38 connected to metal vias 64 by traces 52.
FIG. 11b is a cross—-sectional view of die 32, taken along
line 11b-11b, showing metal vias 80 along saw street 36.
The metal full-circle vias are produced by the steps
described in FIGs. 1-9, with the exception that two via
holes like 50 are formed side-by-side in organic material
48. The side-by-side via holes 50 are separated by
organic material 48. Conductive traces 52 connect
contact pads 38 and via holes 50. The side-by-side via
holes are filled with conductive material to form metal
vias 80.

In FIG. 12a, semiconductor die 32 is shown with
contact pads 38 connected to metal vias 80 by traces 52.
Dicing tape 1is applied to the back of semiconductor wafer
30 for structural support of the wafer during the final
singulation to separate die 32, as shown in FIG. 12b
which is a cross—-sectional view taken along line 12b-12b.
The second or final singulation to separate the plurality
of die 32 is cut through organic material 48 along line
82 between the side-by-side vias 80 with a cutting tool
like 70. The singulation between the vias 80 results in

the metal vias on saw street configuration.
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FIG. IOb is a cross-sectional view of die 32, taken along line IOb-10b,
showing a metal via on saw street configuration, as produced by the
manufacturing steps of FIGs. 1-9. Solder bumps or balls 72 are formed on
RDL 58. In FIG. lla, semiconductor die 32 is shown with contact pads 38
connected to metal vias 80 by traces 52. FIG. lIb is a cross-sectional view of
die 32, taken along line llb-llb, showing metal vias 80 along saw street 36.

The metal ftillciele Yits afeproAnESE By thE Stelrs ‘desétited i FiGs. 1-9,
withdbetexaeption that two via thalesdike:501areifosmed side-byc-sidesn.
organje matglial, 8. The.side-by-side g holes pO.are separated,by, grganic
material 48. Conductive traces 52 connect contact pads 38 and via holes 50.
Thelside-by28ide’ bra HolBsreilleth Hith'éonaicive nsatetfdl to form metal
viasdB.fingkkKa:12a, semieondustorrdie132 is shewn withs :contactipads 38

conpected to metal vias 80,y traces 52, Dicing tapeis applied fo the pack of

semiconductor wafer 30 for structural support of the wafer during the final

singtifatfori o Separate die 35 assHBWn IRHFIG T E2h W hid ¥ S ac
crossaseetienaladew taketuatong lineakde- 121k eThe seconrd or final

singulafion. fo separaie;the plyrality, of dig 32 is,cut through grganic material

48 along line 82 between the side-by-side vias 80 with a cutting tool like 70.

The%ifighiativifbBtkEeAtRERTAS 80 Fedits' it the metdl Viason $a@street
configuratiore 13 ha FIGi d3al semiconductor die 32tsshown atith ycarmtact

padg 38 gonnected tq melal ¥ias 80NV ACES 921 48 between the
side-by-side metal vias 80 resulting in the metal wvias on
saw street configuration.

FIG. 14 illustrates direct die-to-die stacking
using direct via metal bonding. A plurality of die 32 is
stacked as shown to suit a particular application. Each
of the metal half-vias 64 can be joined together as shown
by union 90 using a direct via metal bonding process or
solder paste. Alternately, semiconductor die 32 with
metal full-vias 80 can be joined together by union 90
using a direct via metal bonding process or solder paste.
The top semiconductor die is shown stacked in the
inverted position to make use of backside RDL 58 for
interconnect to other devices and packages (not shown).
RDL 58 is separated and electrically isolated by
repassivation layer 60. The bottom semiconductor die 32
has solder bumps 72 formed on RDL 58 separated by
repassivation layers 60 for electrical isolation. The
backside RDL 58 provides intermediate interconnect from
solder bumps 72 to the active surface of the bottom
semiconductor die 32. The interconnection between RDLs

in the die-to-die stacking can be used with or without
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FIG. 13b is a cross-sectional view of die 32, taken along line 13b-13b,
showing a metal via on saw street configuration. The metal full-circle vias are
produced by the steps described in FIGs. 1-9 and 11-12. The side- by-side
via holes like 50 are separated by organic material 48. Conductive traces like
52 connect the contact pads and via holes. The side-by-side via holes are
filled with conductive material to form metal vias 80. The final singulation to
sep&rtehePIurslity<of die 32 is cut through organic material 48 between
the side-byrsideanetalvias 80 sesulingiiouthesmatabyvias appsawsstieets
confi%%ation.. FIG, 14 iIIustratgs direct die-to-die stacking tylsi&gedlfg%via

metal bonding. A plurality of die 32 is stacked as shown to suit a particular

applieatioh. BACRABf e Atétal halviad 64 tah be'jSined tdgether &&Sshown
by usien Sfhdsitpa difecta metal hondiggHprocess alo seddebpaste.102

Alternately, semiconductr die 32 with metal full-yias, 80 can be joined
together by union 90 using a direct via metal bonding process or solder

paste! SFhetopldemicBidictor dié 5§ Showh Statked fi'the Snvértedposition
to makeLuse aofkackside RDt L8 fomndntereonacet 1o othepdevicesiand

packages (patsigwn),, RDL, 28 13 separaigd apd electrically islated by,

repassivation layer 60. The bottom semiconductor die 32 has solder bumps

72 f8imed®on RDE LS sephfateti by rapassivation 1ayers 60'18p eldctfical
isolatiornubine cbacksidevR D2 58:provides ntermediatesinterconzectdsomy
solder humps 72,19, the actiyg surface of the bottom semiconductor die 32.

The interconnection between RDLs in the die-to-die stacking can be used
\NHh(H\NHﬁ&ﬁt 16 shows semiconductor die 120 electrically

connected to contact pad 38 and metal vias 64 or 80
through bond wires 122 and conductive layer 124.
Backside RDL 58 electrically connects to active circuits
on die 32 and solder bumps 126, which in turn
electrically connect to solder bumps 128 through
conductive layer 130. Die 32 is supported by substrate
132. The packages are sealed by epoxy encapsulant 134.
An underfill material 136 can be used for stress relief.

FIG. 17 shows semiconductor die 140 electrically
connected through bond wires 142 to backside RDL 58 of
semiconductor die 32. Backside RDL 58 electrically
connect to active circuits on die 32, as well as
providing interconnect to die 140. Passive devices 144
also connect to backside RDL 58 with solder paste 146.
Metal vias 64 electrically connect to solder bumps 145
through conductive layer 147. Die 32 is supported by
substrate 148. The packages are sealed by epoxy
encapsulant 149.

FIG. 18 shows semiconductor die 150 electrically

connected to metal vias 64 or 80 by way of bond wires
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14 solder bumps 72. In FIGs. 15-18 shows various packaging applications
using, in part, an interconnect technique with the THVs formed on saw
streets with backside RDLs. FIG. 15 has semiconductor die 100 connecting
through solder bumps 102 to backside RDL 58 on die 32. Backside RDL 58
electrically connect to active circuits on die 32, as well as providing
interconnect to die 100. Die 32 is supported by substrate 104. Contact pads
38 ahtor nietefVias 6P or BT ekt fcallyF ebhnee? to soldét BuRiss 168
throughraondusctive layerik@8.vEhe packages are sealed hye epoxy
encapsulant 110Q. F1G,;16 shows sgmiconducior die 129 electrically .
connected to contact pad 38 and metal vias 64 of 80 through bond wires 122
and RoHdUEtiveslayet 1220 Batksife KDL 58'€lectreafy tohnettsto Attive
circuis or die 32uapd:soidebbumps 126 avhich in ture electrically eeanect to
solder bimps, 1,28 throvah, conductive layer 130, Die;32.is supparted by

substrate 132. The packages are sealed by epoxy encapsulant 134. An

undérfil Frtefial 186%Cd? e iSEd for §tréss relief. FIG. 17 shows
semicondurtor diend 49, electrically €onneciedthravghdendhwires242 to

backside RPL;58 o, semjcopdygior dig 32, Bagkside RIL, 58 elgctrically

connect to active circuits on die 32, as well as providing interconnect to die

140 SPasSRE e e 144 "aR Peofiflécifo- BAEkSRIe RO 589%itAStIAer paste
146 b Metalaias 6dvelectrically eonnect 1o solderbympsal4bothrough

conductive layer,14Z, Die 32 isgopested fy sybstrale 148. fhepackages
are sealed by epoxy
provides more signal routing functionality and

flexibility within the package.

While one or more embodiments of the present
invention have been illustrated in detail, the skilled
artisan will appreciate that modifications and
adaptations to those embodiments may be made without
departing from the scope of the present invention as set

forth in the following claims.
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encapsulant 149. FIG. 18 shows semiconductor die 150 electrically
connected to metal vias 64 or 80 by way of bond wires 15 152. Solder
bumps 154 electrically connect the backside of RDL 58 to conductive layer
156, which connect semiconductor die 160 with solder bumps 162 by way of
bond wires 164, bond wires 166, and conductive layer 168. Die 32 is
supported by substrate 170. The packages are encased by epoxy
encapsulant 172. An underfill material CtP4®&n be used for stress relief. In
sumimary, istaekahle=semiconductor die has been described with THVs
formed in the saw streets. The semiconductor die use a redistribution layer,
separated by a repassivation layer, to increase signal routing options and
density. THe FRISECH &dditiid the THV BrBvidEs mdretsignal routing
functienatitys ang: flexibility within the package. While one or more

embodiments of the present. nyention have peenliystrated in defall, the

skilled artisan will'appreciate that modifications and adaptations to'those
embBbdintErits May e madé withome depaiting ffamsthe’scdpe vf thepreent
inveation as setctorthoinithe tollowing-claimsn d 6sGlaints dhatis etaimed: 1.
A mgthod of fgg’g}pgiges;emiconductor wafer, comprising: forming a
semiconductor wafer having a plurality of die with contact pads disposed on

afhstsuﬁéE@%ﬁ%%cﬁ trench in the saw street guides;
filling the trench with organic material;

forming a plurality of via holes in the organic
material;

forming traces between the contact pads and via
holes;

depositing conductive material in the via holes to
form metal vias;

forming redistribution layers (RDL) on a second
surface of the die opposite the first surface;

forming repassivation layers between the RDL on the
second surface of the die; and

singulating the semiconductor wafer along the saw

street guides to separate the die into individual units.

2. The method of claim 1, wherein the RDL provides

electrical interconnect to adjacent die.

3. The method of claim 1, wherein the die are
stackable and connected by the RDL and metal vias when

stacked.

4. The method of claim 1, wherein at least one metal

via is formed between the contact pads on adjacent die.
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die, the semiconductor wafer having saw street guides between each die;
forming a trench in the saw street guides; filling the trench with organic
material; forming a plurality of via holes in the organic material; forming
traces between the contact pads and via holes; depositing conductive
material in the via holes to form metal vias; forming redistribution layers
(RDL) on a second surface of the die opposite the first surface; forming
repassivation layers between the RDL on the second surface of the die; and
singsllatingrthe seslieandactaravafer, alongrthinsawe street giidestorseparate
the gyie into individual,units; ghgguegmggggda%f claim, 1, wherein the RDL.

fer 1is silngulate . 1east 'one mé a
provu?es electrical interconnect to adjacent die. 3. The method of claim 1,

whefeiTtHER 8! are staekable ARaconiectet 5y thé RO ar@ métal vias
whepastacked.n4. Thednaethod of claim 1, wherein at least one metal via is
formed between the contact pads on adjacent die. 17 5. The method of claim
4, wherein the semiconductor wafer is singulated through the at least one

metél-via t6"forfs Thethl Vias eléctritally torette tothecontaet pads by the
tracesrbedheimethod of Claive thyaeherain twonmetal piassaren foaneckside by
side hetween the contact pads on adjacent die.

7. The method of claim 6, wherein the semiconductor
wafer is singulated along the saw street guides between
the two metal vias to form metal vias electrically

connected to the contact pads by the traces.

8. A semiconductor wafer, comprising:

a plurality of die with contact pads disposed on a
first surface of each die, the semiconductor wafer having
saw street guides between each die;

a plurality of metal vias formed in the saw street
guides and surrounded by organic material;

a plurality of traces connecting the contact pads
and metal vias;

a plurality of redistribution layers (RDL) formed
on a second surface of the die opposite the first
surface; and

a plurality of repassivation layers formed between

the RDL on the second surface of the die.

9. The semiconductor wafer of claim 8, wherein the RDL

provides electrical interconnect to adjacent die.
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7. The method of claim 6, wherein the semiconductor wafer is singulated
along the saw street guides between the two metal vias to form metal vias
electrically connected to the contact pads by the traces. 8. A semiconductor
wafer, comprising: a plurality of die with contact pads disposed on a first
surface of each die, the semiconductor wafer having saw street guides
between each die; a plurality of metal vias formed in the saw street guides

and SUrroutitfed BYIoTeRIE rraterriea pidrality Bt tPaceg esRABCHRG thee
contact padscianst metal vias; e pluralityy of redistribution fayters (RRE) formed

on a secon syrface of the die opposite the first surface; and a plurality of

repassivation Tayer's formed between the RDL on the second surface of the
die. 9. The semiconductor wafer of claim 8, wherein the RDL provides
electrical intescennecbtoladiacent=dier 181011 he semicandictos wafer of

claim 8 wherein the die, are.stackahle.and connected by the RDL and metal
vias when stacked. 11. The semiconductor wafer of claim 8, wherein at least
one HietlSit& i§ f6rmed between the contact pads on adjacent die. 12. The

semiconductor wafer of claim 11, wherein the semiconductor wafer is

singylated through the,at least one-metat via 19 form metal vias elggtrically

connected to the contact pads by the traces. 13. The semiconductor wafer of
dahﬁ%?%ﬁﬂ%ﬂﬁﬁqﬁﬁ)wafer is singulated through the at least
one metal via to form metal vias electrically connected

to the contact pads by the traces.

13. The semiconductor wafer of claim 8, wherein two
metal vias are formed side by side between the contact

pads on adjacent die.

14. The semiconductor wafer of claim 13, wherein the
semiconductor wafer is singulated along the saw street
guides between the two metal vias to form metal vias

electrically connected to the contact pads by the traces.

15. The semiconductor wafer of claim 8, further

including solder bumps electrically connected to the RDL.

16. A semiconductor package, comprising:
a plurality of stacked die, each die including
(a) a plurality of contact pads disposed on a
first surface of the die;
(b) a plurality of metal vias formed along a
perimeter of the die;
(c) a plurality of traces electrically

connecting the metal vias to the contact pads;
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metal vias are formed side by side between the contact pads on adjacent
die. 14. The semiconductor wafer of claim 13, wherein the semiconductor
wafer is singulated along the saw street guides between the two metal vias
to form metal vias electrically connected to the contact pads by the traces.
15. The semiconductor wafer of claim 8, further including solder bumps
electrically connected to the RDL. 16. A semiconductor package, comprising:
a plurality of stacket die, RaeFrdie-inchidirg () & phitaliffof eBAtct pads
disposed)on a-fisat surface«afdthe die; {b)ra plarality ofimetalpdasdormes

alongigsgegg]r%ter of the die; () a plurality of traces electrically connecting

the metal vias fo the contact pads; 19 (d) a plurality of redistribution layers
(RDL) formed on & Sec®ndddifadé of thedieopposite the st Stirface, and
(e) = pluradityef vepassivatianilayers Hormethbbetweenihe RDL-aa thesecond

surface of fhe die;, wherein the RDL provide electrical intereonpect between

the stacked die. 17. The semlconductor package of claim 16, wherein at
leasPOneEERitalfiatisfofAfed between the contact pads on adjacent die. 18.
The semiconductor package of claim 17, wherein the semiconductor wafer is

singylated through the at least %ec mefal via 1q farm fpeta|viag glectrically
connected to the contact pads the fraces.
least one metal via is ormed between the contact pads on

adjacent die.

18. The semiconductor package of claim 17, wherein the
semiconductor wafer is singulated through the at least
one metal via to form metal vias electrically connected

to the contact pads by the traces.

19. The semiconductor package of claim 16, wherein two
metal vias are formed side by side between the contact

pads on adjacent die.

20. The semiconductor package of claim 19, wherein the
semiconductor wafer is singulated along the saw street
guides between the two metal vias to form metal vias

electrically connected to the contact pads by the traces.

21. The semiconductor package of claim 16, further

including solder bumps electrically connected to the RDL.

22. A semiconductor package, comprising:
a first semiconductor die having contact pads and
metal vias formed on a first surface along a perimeter of

the die electrically connected to the contact pads
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19. The semiconductor package of claim 16, wherein two metal vias are
formed side by side between the contact pads on adjacent die. 20. The
semiconductor package of claim 19, wherein the semiconductor wafer is
singulated along the saw street guides between the two metal vias to form
metal vias electrically connected to the contact pads by the traces. 21. The
semiconductor package of claim 16, further including solder bumps
electiealRPEoAnBEEd 0 the RDEL 22 5A detficbHdtictéPPacRages edmprising:
a firstisemicenductor diediaving gontast padsand snetakvissdfosmed on a
first surface ?lﬂﬁ% a?oerrirggtegrl of the die dfelggtrr'k%acgl %%n@%gte(giiéo the contact
pads 20 ﬁwoug ap urarTity of traces, the tirst semiconductor die further
inclwiRga plurdlity 6f FédistiBafch Rers (RPL foredbn a second
surfaee 0f the-dieo oppegitesthedfitst sustace-andta pluality of tepassivation

layers formed hetween the RDL on the second surface of the die; and a
second semiconductor die disposed adjacent to the first semiconductor die

and electrigaftf ¢Orhett®d 16 HeCTirst Semicortirctor die 1Rrstgh te RDOL.
23. Thessemicanductor package ahelaime22 furthary irneluding bontdowires

electrically copaegiing he, first .and second gemiconductor die. 24. The

semiconductor package of claim 22, further including solder bumps
electrically connected to the RDL. 21
23. The semiconductor package of claim 22, further

including bond wires electrically connecting the first

and second semiconductor die.

24. The semiconductor package of claim 22, further

including solder bumps electrically connected to the RDL.
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