SEMICONDUCTOR DIE WITH THROUGH-HOLE VIA ON SAW STREETS
AND THROUGH-HOLE VIA IN ACTIVE AREA OF DIE Field of the Invention
The present invention relates in general to semiconductor packaging and,
more particularly, to stackable semiconductor die having through-hole vias
formed along saw streets and through-hole vias on the active silicon area of
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controllers, and office eq8htene TiEtIRTEREEAR of semiconductor

devices involves formation of a wafer having a plurality of die. Each die

contains hyndreds or.thoysands of yransistars;and giber actiye and passive

devices performing a variety of electrical functions. For a given wafer, each
die>fBnt e \Whfdr SR perforrs the Sarfe &iectriéattimction. Front-end
mastufakturirg generaliyivefers toifermationyot thewsgmiconducter devicesion

the,wafer. The finished wafer .has an.astive side contaiping the fransistors

and other active and passive components. Back-end manufacturing refers
to Satting8r SirfguIgtingtheFifished wafer into the individual die and then
packaging the die for structural support and/or environmental isolation. 1

Semiconductor manufagluens.atingFeaginaly-Adanting packaging
techniques which involve three-dimensional (3D)

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 environmental isolation.
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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
vies (THV). THVs are typically located around the perimeter of the die along

its saw street guides Most. if notall,.semiconductor packages use the n[HVs
to route signals between adjacent die. However, THVs on saw streets alone
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capability, which is difficult to achieve through the THVs

on saw sStreets.

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 an active
area 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 first via holes in the organic material,
forming a plurality of second via holes through the contact
pads on the active area of the die, forming traces between
the contact pads and first via holes, depositing conductive

material in the first and second via holes to form first



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
an active area of each die. The semiconductor wafer includes saw street
guides between each die. A plurality of first metal vias is formed in the saw

street guides; and.is surreunded by, organic, matesial. Aplutality, of second
metal vias is formed in the active area of the die. A plurality of traces

CORNECIEtHE EBntilct Puds'afid ST nTetal Vidd: 1h%arddthet BMBOGIRERT the
preserinvéntiontisa semigonthictor package comprising ahpludaktyiofto
stacked., die,.gach die including a plurality of contact pads disposed on a first

surface o{ an acti\{le area of the die, a 1l?lurality of first metal vias formed
along a perimMateror the e, A pllrality of¥econd metifiiat fdriiedin the
actiee areadftherdies &ed a plerality of tracesielédtricadly cormedting the first
metaghviasctothescantact spadsn Therfirst and secend sretal vias pravide. 5
electrical interconnect between the stacked die. In another embodiment, the
of each die. . The semicopnductor wafer includes saw, K street
presentinvention is a semicondtctor package comprising afirst
senlidolrdusorienhavify dontact’padsiandia pluralify of firsemetaivias

formed-along a;perimeter pf the die electically.connected: 10 the copfact
pads thro.ucgh a pluraljty of traces. Ikile firsft semico(pducto[ die further include

a pllraiity of "86Cond metal vias formed throGgh an active aréa of the die. A
sedondsenicontctor diecisadisposedtadjatient toitheLfirstisémiconductor die

andis electrically cannectedde: the firsbserieonductor-die threugh the first

and second 3 , . . .
In another embodiment, the present invention is a

semiconductor package comprising a plurality of stacked
die, each die including a plurality of contact pads
disposed on a first surface of an active area of the die, a
plurality of first metal vias formed along a perimeter of
the die, a plurality of second metal vias formed in the
active area of the die, and a plurality of traces
electrically connecting the first metal vias to the contact
pads. The first and second metal vias 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 a plurality of first metal vias
formed along a perimeter of the die electrically connected
to the contact pads through a plurality of traces. The
first semiconductor die further include a plurality of
second metal vias formed through an active area 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 first and second



metal vias. Brief Description of the Drawings FIGs. la-lb 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 trenches formed in the saw street guides; FIGs.
3a-3b illustrate top and side views of expanding the saw street guides; FIGs.
4az4h Ulustrate 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 and via holes in an
active area of the dBeiEGBe6aGipfiimsiraié toireaRdamdagiews of depositing
conductive material in the via holes; FIGs. 7a-7b illustrate top and side views
of cutting_the metal vias on the saw streets into two half-circle vias; FIGs.
8a-8b illustrate t0p and side Gichis Bf BoReMitontitictdr-Gicwith Metal vias
forared atony the save fstrebisvand metalwiag fosmed inithesactive aeca lof the
die; £IGs: Qas0bgllustrate top and side views of a semiconductor die with
redistribution layers formed on a backside of the die; FIGs. 10a-10b illustrate
top and sid€ Views of two- Side Y- Side”mnetal vias foréd Gy the saw
streetst cFiGscliadlbritifistrate top tarrh sides views et cuttindg the orgahicet
matgrigkhetween the two side-by-side 4

FIGs. 3a-3b illustrate top and side views of
expanding the saw street guides;

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
and via holes in an active area of the die;

FIGs. 6a-6b illustrate top and side views of
depositing conductive material in the via holes;

FIGs. 7a-7b illustrate top and side views of cutting
the metal vias on the saw streets into two half-circle
vias;

FIGs. 8a-8b illustrate top and side views of a
semiconductor die with metal vias formed along the saw
streets and metal vias formed in the active area of the
die;

FIGs. 9a-9b illustrate top and side views of a
semiconductor die with redistribution layers formed on a
backside of the die;

FIGs. 10a-10b illustrate top and side views of two
side-by-side metal vias formed along the saw streets;

FIGs. l1lla-11b illustrate top and side views of

cutting the organic material between the two side-by-side



metal vias to separate the die; FIGs. 12a-12b illustrate top and side views of
a semiconductor die with full-circle vias along the saw streets and vias
formed in the active area of the die; FIG. 13 illustrates die-to-die stacking
using direct metal-to-metal via bonding; FIG. 14 illustrates die-to-die stacking
using via bonding with solder paste; FIG. 15 illustrates the semiconductor die

withapetal, vias cgnpegted i a-secend die with wire bonds; FIG. 16
illustrates the semiconductor die with metal vias connected to a second die

with bond Wifes aA8 Solfer 'Buhfps? FiG: &7 tisuates ahotier @mBodiment
of saterconfecting dicausingimétallviason sawistseetsandt heetadwias in the
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inveatioh-iscdescrided i opendinwore  embodiments in the following

descriptian with teference ta+the Figures. in whichdikegumerals rgpresent
the same or similar elements. While the invention is described in terms of

bpnd h sold te: L L oo :
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vias connected to a second die with bond wires and solder

bumps;

FIG. 17 illustrates another embodiment of
interconnecting die using metal vias on saw streets and
metal vias in the active area of the die; and

FIG. 18 illustrates another embodiment of

interconnecting die using metal vias on saw streets and

metal vias in the active area of the die.

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,
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 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 one or more
electrical functions. For a given wafer, each die from the wafer typically
performs the same electrical function. Front-end manufacturing generally

refers to farmation, of the-semicanductor devices an the wafer. hhe finished
wafer has an active side containing the transistors and other active and

pasSKA o onerits "BATk-ERd MidndfdetifiRg ™ Fefe?s 18 cutting B sifgblating
thechinishiedtswatedintd sthe individeral dhe @nd: thrers packagirgthe die for

stryctural. suppop-andiar epvjronmentallisplation. A semiconductor wafer
generally includes an active front side surface having semiconductor devices
disposed tidreon, siid A Backside Sufads tofifed with Bilk®semicSRdGEor
matefial;, €.prisikiddn. Thefactive fronat sside surface contaims g plarality of
semiconductordie, fthe active spface is forraed by ayarigtyofion of
semiconductor processes, includin I?__ erinc%, patterning,g,o ing, and heat

t?e s% 1Ccon Pctor devices o e w f%r. T? F ished wafer
tfreatment. Inthe layering process, semiconauctor materials are grown or

depesited crrthe substiate byt 2echnigugssinvolvingthermal oXidatien,

nitridation, chemical vapardepositien, evaperation, and.sputtering.q
Patte%nin involves the use of pho oIitho%:%hey %?L rrlrla%ke preas of the surface

andetch awdy Undesired material to form Specific structurss. The doping

prodessiimjéctsdeahcentrativhs-ofdopank atdterialt by thermialdiffusion or ion

implantation aTheagtive suHacedssubstantially [planasand yniform with
electrical interconne%ts, such as bond adsi.lFIip ch'ip gemiconductor

packages‘qaﬁ%mv%/g?enr 1é(\:/i—é(ln(::h‘INp(—j er genmera.ly 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 the 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 diffusion or
ion implantation. The active surface is substantially
planar and uniform with electrical interconnects, such as
bond pads.

Flip chip semiconductor packages and wafer level chip

scale packages (WLP) are commonly used with integrated



scale packages (WLP) are commonly used with integrated 6 circuits (ICs)
demanding high speed, high density, and greater pin count. Flip chip style
packaging involves mounting an active area of the die facedown toward a
chip carrier substrate or printed circuit board (PCB). The active area
contains active and passive devices, conductive layers, and dielectric layers

acearding {9 thecglectricaldesign,ofthe die.qThe lgctical and mechanical

interconnect is achieved through a solder bump structure comprising a large

nufTBEr SFindividGar 8onduttive Sold8r Bumps 6 Bafis  Phé s6id&F Bumps
arecformiedoretheebunve pads whichrareddispbseeldomthé @ctivé arediifhe

bump pads capnect tQ the activecircuits- by gonduction tragks orrfraces in
the active area. The solder bumps are electrically and mechanical%

coRNEEtEd 5 fife CORtACT adS "o the Karker Substatd by & soiddr féfiow”
process: STherffipdip semiconductos packageipoVvide s laesivdrt €lecirical

condyction path;from;the aetive deviges enithe-dieda-canduction tracks on
the, carrier substrate in order to_reduce signal grl%oagation, lower

interconnect ig.achieved roughta r~ bump structure
capacitAnEE SRd achidVe overall BERER Rirduit pérformante” i the présent
diseorssiors iayWEePlisqwrevided travirig ithtoughadiecred (THV R formedalong
saw stpeets: Iktb@ ék_%_a.ckSi@L@ oiéhdggyatﬁrntw g%_@iSﬁ&m@n ﬁ{%@(ﬁﬁ%%l for
interconnect flexibility. separat repassivation layers. wit
o ST B e e e, AN LD LS
1170657, entitled 2Thioggh-HolelVia bn SandStreets!, and-furtisar in U.S.

Patent-Application SeriakMNoa1d4768,844, antitled tRagkage con Package
Usinl Throug?-llgllolaengia Diﬁ on Salv% Streets", W}&ich arehincorgorated herein

by?eeﬁ%ﬁ%%. 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", and further in U.S.
Patent Application Serial No. 11/768,844, entitled "Package
on Package Using Through-Hole Via Die on Saw Streets",
which are incorporated herein by reference.

Turning to FIG. la, a semiconductor wafer 30 is shown

having a plurality of die 32. The die are separated by

inter die wafer area 36, commonly known as saw sStreet



Turning to FIG. la, a semiconductor wafer 30 is shown having a plurality of
die 32. The die are separated by inter die wafer area 36, commonly known
as saw street 7 guides. The saw street guides are routed around the wafer
such that there is a saw street on every side of each die on the wafer, i.e.,
around a perimeter of the die. Each die 32 has a plurality to contact pads 38

forgngjgg.siliggg, e, formed.inan active.ar %QEQ@ 32 /N natin,saw,
street gwdes 36. Contact pads 38 are made of aluminum, copper, or

aluMiur/EppetEifoys’ Coftikt Pads” 38 BISCHRELIY ¢onnett 16 Fetiveand
passivehdevieésrthrough cemduction trackisver fayers formedien di€82: The

contact pads,can be disposed side-byzside a first distange, Jromnthe edge of
the die, as shown in FIG. la. Alternately, the contactpad,s can be offset in
multiple" s sich tHEEA% st Fovl bf Yontict pade are disposed®d irst"
distaneefromthetedye &f thédie, ndtasecoadsrow ofreontatt pads
alternating.with-the first row are dispased » seconddistanee fromthgedge
of the die. A solder bump or wire bond will later be formed to connect to each
metal TOHtatt pad for ele&fical BRd Mechani@sl Rtsitonnect (6 & Thip carrier
subbstratevbr peinted chreuittheards (PCB)2 FGs |1 ¢35 asctoss-sectioifal vieheof
wafer3Qctakem Aleag line - i EiGs lashowing die, 32;separated hy-saw
str%et %uges BQ. Ino €. mbé),diment, d%e 32 mayFQave 1dimensions ranging
from 2x2 millimeters’ mr?n‘)eto 15418 'The Saw streefs provide cutting
areds to sirigulate the waferinto individual die. Affirstdie B2nisldispbsed to

the left;okthe, leftmest saw sireet 36- A sgeenddig 32 is:.dispesgd hefween

the,saw stieets, 36, A third die 32 s disposed tp,the righ of the rightmost
saw street éé %ce

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. 1b 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. A second die 32 is
disposed between the saw streets 36. A third die 32 is
disposed to the right of the rightmost saw street 36. Once
the wafer is singulated, each set of contact pads disposed
on the respective die will provide the electrical and
mechanical interconnect for that die.

In FIG. 2a, semiconductor wafer 30 is again shown

with its plurality of die 32, separated by saw street



the wafer is singulated, each set of contact pads disposed on the respective
die will provide the electrical and mechanical interconnect for that die. In
FIG. 2a, semiconductor wafer 30 is again shown with its plurality of die 32,
separated by saw street 8 guides 36. Dicing tape 40 is applied to the back of
semiconductor wafer 30 for structural support of the wafer during the

f0||&M@89@§@Ufa@%iﬂ%09§@“%§&5 §BQY‘&Q@H‘ R GaRb whichds a
cross-sectional view taken along line 2b-2b. Saw streets 36 are cut b

cuttify o8I 4% iR oré Lembodirient SEatting tobl 44'R8R e &fsal oriaset.
Noterthat theccuttihgdedhcompletelytsevers threugh wafer 30steHform amwell

or freachA42. Thebattom ofrench42 is, defined By dicing taps 40: The

formation of trench 42 arises from a first smgulatlon of wafer 30, WhICh

credtes®a tréiich Wit tiatia 1855 thah aWidth of tite khannef of SawStreet
guiele86 iire FiG. 3at; 'semicoreluctdr wafeb804asshown witls s - plivatity of die

32, sgparaledhy cut saw, stregt guides 3. Wafer 30,undergees a-wafer
expansmn ste to mcrease the W|dth of saw street gwdes 36 FIG 3bisa

crosg edtidiTarvielv 6f WATr 30; takélT afong e 3b-36 Showing' the die
beitgfpokedising alwaférerpafsior tablécasshown by directionakarrows

46a4z\tteélrgat§hémtt@ @Ler@eg be picked and, ﬂ%ﬁf&@n% a Wfi}li%rhSléQQQges
system n case e die are positjoned farther apart followin eps
of EIGS e§C%3¥”t e, i“ idé Mt Pgu.ct”e;Cl Rl %9 ]Ef ot

83615 creats widér sawstrée Y8 Bheembod the die
separatioir fricreasesdreim-50 micrometers (pm) to 200 pm. The expanded

dimension,depends .0n {be design ambogdiment sice.ikalf viaifull via, single

rov V&araqaggugfe/gwltlgge rosve/p\{';lt%ated 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. 1In
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 row via.

In FIG. 4a, semiconductor wafer 30 is shown with its
plurality of die 32, separated by cut saw street guides 36.
Organic material 48 is deposited in trench 42 by spin-
coating or needle dispensing. Organic material 48 can be
benzocyclobutene (BCB), polyimide (PI), or acrylic resin.
FIG. 4b is a cross—-sectional view of wafer 30, taken along

line 4b-4b, showing organic material 48 deposited in trench



In FIG. 4a, semiconductor wafer 30 is shown with its plurality of die 32,
separated by cut saw street guides 36. Organic material 48 is deposited in
trench 42 by spin- coating or needle dispensing. Organic material 48 can be
benzocyclobutene (BCB), polyimide (Fl), or acrylic resin. FIG. 4b is a
cross-sectional view of wafer 30, taken along line 4b-4b, showing organic

m_ai_ggr_ial 48 fegposited in trenched 42, Qr%@f?xéﬂa@ri%‘r‘!ﬁ% fills trench é‘geerm
dicing tape 40 up to the top surface of die 32. The backside of wafer 30 is
tranSretfed OritB wifdt U6t Sy_ted'Fo Fhich ¥ madesrom §iass Sifcon

suBstrate, toreothies wafersuppord frrateriab dntF €. Basdmicomdwetor wafer

30/s shown with ifs splurality-gf,die,32. separated by saw sireet quides 36

filled \t/vith, organic material 48. A via hole 50 is cut into organic material 48
aloiy Saw streets 36. The via cutting operation uses a laser drill or etching
process. UWiahples 580 arenplacedualony dief32 adjacentstoosontactipaidss 38.

In one-emhadigrent; coptactpads 3&and,viaholes.2Q haye:a Jyinjmum
separation distance of about 20 ]g)m to 150 pm, depenldeing on the diameter

and depth SFthe Va2 Th FIG B ‘the cross on:

) A ho P 1? cgb %nko
cross-sectional view of wafer , taken
alorigplime 5bnsbe shewsiviacholes 50 cuttimttrorgartic nidterial 48cdowihto

wafglsUppar systemi49- Jhe laser 1 dglling eperafion is-egpterediabaut the
ch%ranel of the saw street %uide nd makes a hole having a di%metgr IesIs
2,

thah theWIdth Of trénch 42, Which 18aves A fayet GFdrganic “iaterial 48"

surroanglifiy Yiathole 500 Trecwidtirsf #8nend42iis dependdit batheawidth of
sawistreetwidips but s typicall smalles thapdhe saw sireet widihudhe
diameter . of via holg 20 s typically about 10,pm 10,100 pm,

In FIG. 5b, the cross-sectional view of wafer 30,
taken along line 5b-5b, shows wvia holes 50 cut into organic
material 48 down to wafer support system 49. 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 via hole 50 is typically about 10 pm to 100 pm,
depending on the required via depth. In addition, via
holes 53 are cut through contact pads 38 down through wafer
30 to wafer support system 49. The laser drilling
operation is centered about contact pad 38 and makes a hole
having a diameter less than the width of the contact pad,
which leaves part of the contact pad surrounding via hole
53 at the top of die 32. Note that via holes 53 are formed
on silicon, i.e., through an active area of die 32.

A metal track or trace 52 is routed from each contact

10



depending on the required via depth. In addition, via holes 53 are cut
through contact pads 38 down through wafer 30 to wafer support system 49.
The laser drilling operation is centered about contact pad 38 and makes a
hole having a diameter less than the width of the contact pad, which leaves
part of the contact pad surrounding via hole 53 at the top of die 32. Note that

viaolesgs3 areformed. onsiligon, i-61.thrgughan active aregofdie 32. A
metal track or trace 52 is routed from each contact 10 pad 38 to the

cofr85P5Rdig Yid'Rofe 567 TraE8 5L 8 med by SSEtarpatieiiingprocess
to perdnedBcontactapads<38 i viarhotes BO] Wihieh Wil Izet fittedwith

conduetive matefial dn alater, step. Jtiaces 3¢ arer prowideghfor each contact
pad and via hgle pairing as shown. Some via holes 50 are dummy vias

peftormiig ho™ BleSfical FORCHST. RECofdingll MatAItraée 52" 7eéd not be
routedwo -everyngiavdepéndimg 6A thesdelivefunctienriy HGnBay no

semicerayctor waler30.is shawrbwith.ts (plurality 0fdie 32, sseparated hy
saw street guides 36 with metal-filled vias 54 and 56. A conductive material

is depodited intS Vid Floted 50 hYBLGH A deposition Procsss "sUich 58 blating
or plugging té ¥6rmametalerias B4 UThersamecconductivematerialtis alse

deposited intp via holess 53 to-form roetal yias »6s Metal vias §6-aresfarmed
through ggﬁtitive area o dig:1 :(%\/ The conduc?iive material can be copper

(LY Atmitun (AN thgsteR (W) “or afloys theredt of fmixtures of other

conduetive matetials vivietab \ias 4 are forehed ineres are suriouriged by

organie matgriah 485 Meta) vias, dbare-farmed rand are swiQunded by
contact péid 8 and the active area of Wafer 30. Metgl viigt%4 electkrlig?(lelg

coﬁﬁéngts t%ncgﬁttalc epamda §r1a 1s also deposite via
53 to form metal vias 56. Metal vias 56 are formed through
an active area of die 32. 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 vias 56 are formed in and are
surrounded by contact pad 38 and the active area of wafer
30. 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. 6b is a
cross—sectional view of wafer 30, taken along line 6b-6Db,
showing metal vias 54 electrically connecting to contact
pads 38 through traces 52, and metal vias 56 electrically
connecting to contact pads 38 directly. Wafer support
system 49 is replaced with dicing tape 58 for structural
support of the wafer during the second or final singulation
to separate die 32. The bottom of metal vias 54 and 56

coincides with dicing tape 58.

A redistribution layer (RDL) can be formed on the
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by way of trace 52. Traces 52 are provided for each contact pad and metal
via pairing as shown. FIG. 6b is a cross-sectional view of wafer 30, taken
along line 6b-6b, showing metal vias 54 electrically connecting to contact
pads 38 through traces 52, and metal vias 56 electrically connecting to
contact pads 38 directly. Wafer support system 49 is replaced with dicing

tape, o8 fox stryetyral support qfh@%‘é’é‘;ﬁ%riglé”ﬁgﬂh@p%%(%%@, of final
singulation to separate die 32. The bottom of metal vias 54 and 56 coincides

with gy thee 88~ R FEdis risutté Fy & (RBLY can' 66 tormat Sithe 11
batksidercfowaferr88sThe backside RDicdperatesas ane irtedmediatere

conductive layer o rouie;electrical signals, 40 various areas-obthe die,
including active and passive circuits, and provides various electrical

int8itonnect BplidAsTLTIG package Mtegrition lch a& SHBwA ' FIGS:
15118 1A repassirtiontlayer s formed betweemdde badigduat hedes of the

backside:RPL forelestrigal. isolation < The fepmation ef backsideRDL and
repassivatjon layer is disclosed in U.S. Patent A%%IILcation No. Pendin,g{?h

Attorney Doket NB° 12518800035  entifisd “Semicondticioritiater having
Thicugh HoleVieslor Sawn StreetsReitls backside: redistriblition layer." In

FIGs<Aa1Rk;) metakWassA aeeicilt through senten @rea 68 by;eutting tool 70.

In one ergbgglllrgggg, cut ing }tlool,70 caglrbe a saw or laser. The cut extends

down 1o diding tape 58 to completdly Sever metaf Vias B4 ifto &6 equal
halbtcirete vias 6. 2o pickidrdsidée toperationn rémoies’die 32 as individual
units from digingdape.58uin ki 8ay semicongustor die-32 s ghovwn vdth
both mefal yias 64 on saw streefs and through silicon metal vias, ;
tool 70 can be a saw or laser. The cut extends down to
dicing tape 58 to completely sever metal vias 54 into two
equal half-circle vias 64. A pick and place operation
removes die 32 as individual units from dicing tape 58.

In FIG. 8a, semiconductor die 32 is shown with both
metal vias 64 on saw streets and through silicon metal vias
56. FIG. 8b is a cross-sectional view of die 32, taken
along line 8b-8b, showing metal vias formed through silicon
of die 32 and metal vias on saw street configuration, as
produced by the manufacturing steps of FIGs. 1-7.

In FIG. 9a, semiconductor die 32 is shown with
through silicon metal vias 56 and further metal vias 64 on
saw streets. FIG. 9b is a cross—-sectional view of die 32,
taken along line 9b-9b, showing metal vias formed through
silicon of die 32 and metal vias on saw street
configuration, as produced by the manufacturing steps of
FIGs. 1-7. RDL 74 and repassivation layer 76 are shown on

the backside of die 32. RDL 74 can be made with nickel
(Ni), nickel vanadium (NiV), Cu, or Cu alloy. RDL 74
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56. FIG. 8b is a cross-sectional view of die 32, taken along line 8b-8b,
showing metal vias formed through silicon of die 32 and metal vias on saw
street configuration, as produced by the manufacturing steps of FIGs. 1-7. In
FIG. 9a, semiconductor die 32 is shown with through silicon metal vias 56
and further metal vias 64 on saw streets. FIG. 9b is a cross-sectional view of

die 32, Jaken along ling 9b:2h,; shawing metal vias formed through silicon of
die 32 and metal vias on saw street configuration, as produced by the

manFSEiurivy steps ot SFiGs 17 ROL7 & Hhd FepdSsidation llﬁﬁif'l%nélre
shewhigr Hredbaeksitecofdiec82tRDIe7d panbelarade withunickel (Ni),

_nicg@éM@EQQ&&W@N@%&%&&CB@J@%B@Eﬁ‘h&?p%@%%}@sﬁﬁégration,
mtermgdlate conductlveFIIa%/er t? rothe eIRectrlcaI,S| nals tol var|0u7¢,6ar,eas of
the’did” IREILENTY "adfivé AAd passiVe cirdits Hnd providesVarious éidctrical
intércomTedtaoptions dusngpackage integttationf suctkasdhawn in +16s:

1548 Repassivadionlaysr 76 is,dorpgdhetwean the individual npdes of
backside RDL 74 for electrical isolation. The repassivation layer can be

made With siifc8h Ritfige SNy, Silicon didbkide (Si02)° Silicon” okynitride™"
(SioN igalyimide; Behzoaylobatetre (BEB) polybenzexazdékPBO), or
othesipsulating materiahdy) F1G-10ansemicanduetardig-32 is shown with
contact padsFB% co[lglected to me;[jal vtias 8(9, by %rac.es 52. FIG.,IQ}? isa
cross-sectional view 6f die-32 CtAker along Iine foBL0b “Showing metal vias
80 atoing Saw street B6:cThechretal viatistproduced BY the stepsadesctibed in
FIGsc 1-7Towithsthe exeeptigndhab iwo viaholes like-50 aret fgrmed ong

Sidesby-siie I groanic material 491 T80y siie viaholes.20 are
The metal via is produced by the steps described in FIGs.
1-7, 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. 1la, 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. 11lb which
is a cross-sectional view taken along line 11lb-11b. 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 metal vias 80 results in the
metal vias on saw street configuration in combination with

through silicon vias 56.
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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. lla, semiconductor die 32 is shown with contact pads 38
connected to metal vias 80 by traces 52. Dicing tape is applied to the back of
semiconductor wafer 30 for structural support of the wafer during the final

singulation,ta-separate die-32 -asshovyr in FIG; JIbywhigh,.js a,¢rgss-sectional
view taken along line lIb-llb. The second or final singulation to separate the

pIUrBREAST die 32 i e ttahgR orgaric Matetidt 48’ Aidig ihe 82> bétween
the'siele-bykside \aas 8withea tutting tooklike £70.1Fhé Singaletiorebetween
mefalvias,80 results in fhe metakviasiqn saw streetcanfiguration in _
combination with thro%gh silicon wfasl?g). 13 In FIG. 12a, semlcgndugt%r die
32 F§'Shoti With tontatt phds3s tonnectéd 16 niethl vias 80 By tracess2.
FIGh&2btiss crsss-sebtidnahviel¢ of die 3% tadkéf-along fihe 12ivid 2y -
shawing metal vias onisaw siregts copfigurations,The metalfullcircle.vias are
prod8uced b dthet stepsE descrlbe,dkln Iglst.ll-7 and 10-11. The S|tdet-b - side
via holesiKE BO ar&s&parated by organic matérar 48 CoRbGEtvE traces like
52 eletticallyacbnrect thea contaet: padsarrd dra-holest Frhey sidevbyesidenda
holesiake; filled.with-cerductive, material te form.metalvas 8Q.sThe finakhe
singulation to separate the plurality of die 32 is cut throu rganic material
25 T oo T DU B3-SR0 ST vins B raLifig W18 Al Y oo st
street donfigurationdarcombiriation with? thougresilicbn \iad S FIG.AE3
illustrades dlirect gie-ta-dierstagking usingndirectvia ragtal hondinge A plurality
Ofgg%%%égég%g%%gin combination with through silicon vias 56.

FIG. 13 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 and through silicon vias 56 can be
joined together as shown by union 90 using a direct via
metal bonding process. The combination of vias 64 and 56
provide greater interconnect flexibility and options for
electrically connecting the stacked die 32. Alternately,
semiconductor die 32 with metal full-vias 80 and through
silicon vias 56 can be joined together by union 90 using a
direct via metal bonding process.

FIG. 14 illustrates die-to-die stacking using via
bonding with solder paste 92. A plurality of die 32 1is
stacked as shown to suit a particular application. Each of
the metal vias 64 and through silicon vias 56 can be joined
together as shown by reflowing solder paste 92 to create a
strong metallurgical bond between each of stacked die 32.

The combination of vias 64 and 56 provide greater

interconnect flexibility and options for electrically
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as shown to suit a particular application. Each of the metal half-vias 64 and
through silicon vias 56 can be joined together as shown by union 90 using a
direct via metal bonding process. The combination of vias 64 and 56 provide
greater interconnect flexibility and options for electrically connecting the
stacked die 32. Alternately, semiconductor die 32 with metal full-vias 80 and

throyghe silicon vias 56 gan-be joineshtogether by ynion 9Q ysing &y dikest via
metal bondmgscglrocess FIG. 14 illustrates die-to-die stacking using via

bofidihg With'SOIdET pastd s & Pidrility oF di 3251 £t88ked 33 shofiito suit
a particalareapplicatiors E&ch of Lthe nretat viads264 sind throughl silicon vias 56
caphe.joined together as shown by reflowing solder paste 92 to create a
strong metallu |cal bond between each of stacked die 32. The comblnatlon

of vias 64 Bntl'56 provide greatar iHtercshned Hedbine, AR oaons for
electrically 14 comecting the stacked die 32 Xltematelyt sephieofidvetor die

32 withsaetal vias, 80-aad through siligon-wiasi96 can. be-ipined foggther by

solder aste 92 usmag a reflow tprocess In FIGs 15- 18 shows various
ﬁm Ccon ucF F dlie 32 % e51Vﬁ]ﬁ9
packaging appli cations usmg, I par an intefcontect echnlque Wi

THM s fopedlon save streets anteTHY S brnositicon i FiGhaBdsag 04 to
semicondygtor die 100 attached toxdie 32 with adhesive 402, Digd00: e
elecérécal%con ects thr%Jgh \q bondst104 to metal vias 64 on d|e 32. Die
3218 SUpported by Stibstrate 106, Nietai Vias 64 and B efectridally connect
to Soldes b&%ﬁ@&@@%reegﬁwﬁd@ctwmélﬂo. The packegessare e

sealesh by epoxyencapsulant 112, {F1G.216 shows semiconductor die 120

auaChedtO(hel6 shows semiconductor die 120 attached to die
122 with adhesive 124. Die 120 electrically connects
through wire bonds 126 to metal vias 64 on die 32. Die 122
electrically connects through solder bumps 128 to metal
vias 56 on die 32. Die 32 is supported by substrate 130.
Metal vias 64 and 56 electrically connect to solder bumps
132 through conductive layer 134. The packages are sealed
by epoxy encapsulant 136.

FIG. 17 shows semiconductor die 140 electrically
connected to metal vias 64 or 80 on die 32 by way of bond
wires 152. Semiconductor die 154 electrically connects to
metal vias 64 and 56 on die 32 by way of wire bonds 156 and
conductive layer 158. Die 32 and 140 are supported by
substrate 160. The entire assembly is mounted to substrate
161. Wire bonds 162 from substrate 160 provide the

electrical connection to solder bumps 164 through

conductive layer 166. The packages are encased by epoxy
encapsulant 168. Molding compound 170 encapsulates die
154.

FIG. 18 shows semiconductor die 180 electrically
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122 with adhesive 124. Die 120 electrically connects through wire bonds 126
to metal vias 64 on die 32. Die 122 electrically connects through solder
bumps 128 to metal vias 56 on die 32. Die 32 is supported by substrate 130.
Metal vias 64 and 56 electrically connect to solder bumps 132 through
conductive layer 134. The packages are sealed by epoxy encapsulant 136.

FIG, 14 shquws sericongicior dies 14Q.elegtrically, gonnected todngtal;vias 64

or 80 on die 32 by way of bond wires 152. Semiconductor die 154 electrically

confiécts @ mathlVids 62 BB dhdie®32 by Way oftvireBsiids 186 and
condeactive layeri58eDi¢ G2candri4® ase suppartetk bye substrate 160. dilke

entirg)agsemblyis modnteghto sybstrate 161 -Wire bonds 162 from supstrate
16g§)lrovide the electrical connection to solder bumps 164 through
co

UCfive PAVES166 The Fackades aré Blitased by €PE¥y encapstisht 168.
Molding eomhpouritdi¢70vendapsulatés die Ths4 aEKEMb8yshdws semiconductor
die;180 claatrically db.connegteg to,die 3z9vith solderbumps 182. Passive

devices 184 also connect to metal vias 64 with solder paste 186. Die 32 is
moUMed 104 semiconductor package containing die? 160" With adhesive 192.
Dies 1 9¢e¢leetrically86nhects td: solder bamigs 200 throughnwiretbords 194,
congygtj\éqweé.ﬁg@,@%g@@ﬂ%%ges!@meé%E&gg@@s‘%mié%éam |
semiconductor die 32, , an re support substrat . Meta
via%%%G elé‘&ri%réﬁﬁrc%nlr]%eé?atge]éc%?dler%tg% Ps%d&e% rogutgrrﬁvslrer %%h%%’ZM and
conductive® layemnaog. THerpackages dresenledtyy epoxyrascdssulant 206.

Andinderfilanaierial 208 previdesisigssieliehJnssummary siackatle

S€ g%%; u%%”éy Jggapee¥he electrical interconnect is
accomplished using the THVs on saw streets and THVs on
silicon, in addition to a redistribution layer, separated
by a repassivation layer, to increase signal routing
options and density. The THVs on saw streets and THVs on
silicon, in addition to the RDLs, provide 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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described with THVs formed in the saw streets and THVs formed on silicon.
The electrical interconnect is accomplished using the THVs on saw streets
and THVs on silicon, in addition to a redistribution layer, separated by a
repassivation layer, to increase signal routing options and density. The THVs
on saw streets and THVs on silicon, in addition to the RDLs, provide more
signal routing functionality and flexgjlityqyithin 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 Imaydse made without departing from the scope of the present
invention as set forth in the following claims 16 Claims What is claimed: 1. A

melthod of form%ng a serpicon,ductor wafer, comprisin :fforming a
semicondudor Wate? haViig 2 Siutaiit/ of i Wil tohtact pads disposed on
a fiestopurfaceof an active area of each die, the semiconductor wafer having

saw streetguides betweengach die; formingarenchindhe-saw:siregt
guides; f,iILng thettre@ch v(\gith organic gﬂaterial; formgn% a pluralitg/ of first via
hofesSinthe ofgaHia“matarial Yorming & plurality df Se€5hdVig holegthrough
theacontackpadsan the active ardzcofthe diexdonrning treices betiweon the

contact pads,apd first vige holes-depositing conductive material in the first

and
forming a trench in the saw street guides;

filling the trench with organic material;

forming a plurality of first via holes in the organic
material;

forming a plurality of second via holes through the
contact pads on the active area of the die;

forming traces between the contact pads and first via
holes;

depositing conductive material in the first and
second via holes to form first metal vias on saw streets
and second metal vias on the active area 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, further including:
forming redistribution layers (RDL) on a second
surface of the die opposite the first surface; and
forming repassivation layers between the RDL on the

second surface of the die.

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

stacked.
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second via holes to form first metal vias on saw streets and second metal
vias on the active area 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, further including: forming redistribution layers (RDL) on a
second surface of the die opposite the first surface; and forming
repassivation layers between the RDL on the second surface of the die. 3.
The method of claim 1, wherein the die are stackable and connected by the
first and SECoNE HEal Vias Wheh ‘stalR8HC17 £ TAEHEINSS oFctaim -2
wheseiratnfeastone aretahviac ds ferrheddoetvweer dhe contadti pads on
adjacent die. 5. The method of claim 4, wherein the semiconductor wafer is
rgulated throu%h the at Ieast one metal V|a to form metal vias electrically
nected 1o the EShtaet pads by the'fFates” 6" The® Msthad S idim 1,
wh‘eeuéwtwe metadwlas;a@etfmmm side Ws@e@étweem 3¢ gbntaet pads on
adjacent dies 17 .vhhe methad-of clain 6 whereinthe, semicepdustar wafer is
sin ulated alon the saw street guides between the two metal vias to form
metdl Vids &fed rlcally connected to the contact pads by the traces. 8. A
semlconductor wafer, comprising: a plurality of die with contact pads

disposeden anfirstsurface of an active areaofeachdiethe seniconductor
Wa er hawgg saw street gulges betwe%n each die; a %{urallty of first metal

o sid etween the contact' pdds on acent
viasTormed i the $aw P ]
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 an active area of each die, the
semiconductor wafer having saw street guides between each
die;

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

a plurality of second metal vias formed in the active
area of the die; and

a plurality of traces connecting the contact pads and

first metal vias.

9. The semiconductor wafer of claim 8, further
including:

a plurality of redistribution layers (RDL) formed on
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street guides and surrounded by organic material; a plurality of second metal
vias formed in the active area of the die; and a plurality of traces connecting
the contact pads and first metal vias. 9. The semiconductor wafer of claim 8,
further including: a plurality of redistribution layers (RDL) formed on 18 a
second surface of the die opposite the first surface; and a plurality of

repassivation layers formed P@“&?@”o&b&o@?&e oprtbersecqnd §Pff§&e of.the
die. 10. The semiconductor wafer of claim 8, wherein the die are stackable

and conncted by the'first AP EEEOHA ThRTal SIS Whetr SR " The
serreorductor wafer cfclaim 8inghereinfattieastiene metal via is formed
between the contact pads on adjacent die. 12. The semiconductor wafer of
clalm 11, wherein the semlconductor wafer is,singulated through the at least

oné metdVia X for i st vidk c&fectiically @oRn2etdd 1o the E6Rtattpads
by #he traices: 2k8.€T hesemiconductorwafer of claim 8nwhereimtvoahetal
viag;are tormed 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-viashelettrically ¢onphected tothe fcontacthpadsyhetivd tratesl e85t The

seiconductorwafer ofclaim 8, furthes ineluding rsalder humpps.electrically

con ected to gle RDL. 16. A semiconductor package, comprising:
Jacent die.

12. The semiconductor wafer of claim 11, 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.

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 an active area of the die,
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a plurality of stacked die, each die including (a) a plurality of contact pads
disposed on a first surface of an active area of the die, 19 (b) a plurality of
first metal vias formed along a perimeter of the die, (c) a plurality of second
metal vias formed in the active area of the die, and (d) a plurality of traces
electrically connecting the first metal vias to the contact pads; wherein the

first and second(metagv%pgq@gg electrical intercgnnect betwegn the
stacked die. 17. The semiconductor package of claim 16, further including: a

plutaitofrétfistribiition Hyer8{RBE) formed on a second surface of the die
opposite the firstasurfacesland 1a plurality of vepassivationikayefs foaredn

between the RDL.@n the secong: surfage of the die. 18. The semiconductor
package of claim 17, wherein the semiconductor wafer is singulated through

the at least one ‘Metal Vi3 18 fornt inétal Vias e ctricaly ‘Connected to the
contantpadsby the tfaces. 1@ tRhe semiconductor packageraidclaim 16,

wherein tyQ. /oetalvias areformed side by side between the,ceptact pads

on adé'acent die. 20. The semiconductor package of claim 19, wherein the
el caﬁlcal inferconnect bgtween ﬁhe ta%ke% die
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 trages. s2k: Asemiconductor package, comprising: a-first -
semic n%uoto_r die having contact pads and a plurality of first metal vias
formed afong a perimeter of

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.

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. A semiconductor package, comprising:
a first semiconductor die having contact pads and a

plurality of first metal vias formed along a perimeter of
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20 the die electrically connected to the contact pads through a plurality of
traces, the first semiconductor die further including a plurality of second
metal vias formed through an active area of the die; and a second
semiconductor die disposed adjacent to the first semiconductor die and
electrically connected to the first semiconductor die through the first and

segond metal ) vias. 22, The semicendyctyy package of claim 24, furthesn
including bond wires electricallxﬁconnecting the first and second

sefhi€drddctordiel 257 the°semiCondacior PALKAYE BF clint'2T, WHersH two
metakviasiae formed side bycdidedvetweers the comntacttpadsdonrarradjacent

die, 24, Jhe semicgngducterpackage of claim 23, wherein the semiconductor
wafer is sin%ulated along the saw street guides between the two metal vias

to form mietaPVids” efEftHEANS Eoredted (0t EoAtaEt pade by the trices.

21first semiconductor die and electrically connected to the
first semiconductor die through the first and second metal

vias.

22. The semiconductor package of claim 21, further
including bond wires electrically connecting the first and

second semiconductor die.

23. The semiconductor package of claim 21, wherein two
metal vias are formed side by side between the contact pads

on an adjacent die.

24. The semiconductor package of claim 23, 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.
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