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

the digysRRekaredbrf Hie |RrantieRroucH RN IalOhdavice g BkRERYNd In
many productsNpseaRotendasr.8ovely 1 enveondutiers Hrd spplications 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 equipfiEhtof thfelmritiaefure of semiconductor
devices involves formation of a wafer having a plurality of die. Each die

contains hyndreds or.thoysands of transistars;and gher active and passive

devices performing a variety of electrical functions. For a given wafer, each
die>fBnt e Wafer typicafly Petarns the'samadiécttical fiinction. Front-end
mastufakcturing generaliyiveters toifermationgot theosemiconductorsdevicesdn

the.wafer. The finished wafer has an.active.side.containing the trapsistors

and other active and passive components. Back-end manufacturing refers to
cutting'6P8irtjuiatiRg thBSirfidRied wafer into the individual die and then
packaging the die for structural support and/or 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 environmental isolation.
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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 intercgppects invalves the use-of through-holg, vias (HHY)  TEY S 218 o
typically located around the perimeter of the die along its saw street guides.

MJ%tCit ot dl, 'SeThicbRttittSP patkagés ise e VS5 150t dignald’
between adjacentdie: thewevens TR s onrshw Streets alone limitisignal
routing.optigRsand redycg signabrauting. density . Eresent day high density
packa%ingdreqluire hi%h densiltg and flexible interconnect caPagilit¥, which is
diffi T TS Achieve TG the THVS of Saw St " A hedd éxists to
increase sigriakrouting optionsaand depsity iara seariedndottaravafarchaving
THYs. Supmary: phthednventionp :lpane emhediment the presentse
invention is a method of forming a semiconductor wafer comprising the steps
of forning A LemiRoRdUctor wafer having'a plarality vt e With %%%(}’5& pads
disposeacon fefirst surface of Antactive area ofeadts diethetsemiconductor

wafer having saw:street guides betwegn each, die, fopning atrensh inbe
saWHstre%t guidets, fillin tlle tr}'oentch with or?ganictmgterial, Eorming a pTIlIgl(;llity
of first Via Rol&s i the raaﬁic rené%%%rél,a% r%clrelgr]] a plluerality of second via®
holes thigughrthetcontbet pabisren thedctiveraregd of thedierforatidg traces
between dhe caniact padsand dirst;\Wa holese deposifing copdugtive material
in the grst and second vi% ,h%le to fot[_m firsé n‘tl%tal .\/i%s on saw streetstand
se€6nd metal vias on the 'active area of the die, %\Pﬁldosﬁ]gh at?ﬁgc the©
semicarduétor waferdlong thefdawstrediogaidescioeséparatethehdieinte
individuad upitse e+ s In another embodiment, the present invention is a
semiconductor wafer comprising 2 plurality of e with contact pads disposed
on a first surface of an active area ot each die. The semiconductor wafer
inciisdes sawt street guides detiveen-each die VAsIuEdlity of first metal vias is
formed in the saw street guides and is surrounded by organic material. A
plurality of second metals\ﬂasai§ fogtrleghig ;pgvaect'\{i% area of the die. A
plurality of traces connects the dontact pads and first metal vias.

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



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

conpecting the first metakviastosthe, gontact pads.cEhe firstapd segond metal
vias provide electrical interconnect between the stacked die. In another

enfbodiftfertt: e pres8fit vt is a sEmitondfictSr patRaGe EoHbRSing a
firstsermicohdurtohdieshaviFg eentact ipads andsa plurality ofifirstimetaltvias
formed along a pgrimeter of the die electrically connected to the contact pads
through a gluralitty of tracgsdThe first semiconductor, die further include a
- no r lmen ne 1 inventlo

plurality of 5&¢6Hd Fetal Vs Toiihed throdgh AR dctive aPéa Bt the die. A
secend semicoheucter die iscdisposediadjacemnt 46 the firSt sémieohductor die
andds electrically connected torthe first semicongductardie, throughdthe ficst
and second metal vias. Brief Descrlcptlon of the Drawings FIGs. la-Ib
. o{ ?a%h die che.seml%ondu tor Hafer 1nFl%]es Saw Ftr?Ft
illustrate tOp and side views of a semiconductor wafer having a plurality of die
separated by sanaestreetguides; 2 FIGs: Ra-2bdflustrate tope amt sidesviews
of the semicanductarwafer withdrenchesifarmed indhe saw.street giides;

organic material. A plurality of second metal vias is

formed in the active area of the die. A plurality of

traces connects the contact pads and first metal vias.

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



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

depgsiting,cerductive 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 forrBedefloRgstheisdisiredistined Pretalvigss formed in the
active area of the die; FIGs. 9a-9b illustrate top and side views of a

semlconductor dle with redlstrlbutlon layers formed on a backside of the die;
. la-1b illustrate tdp 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. 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



FIGs. 10a-10b illustrate top and side views of two side-by-side metal vias
formed along the saw streets; FIGs. lla-llb 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 agtive ggegcpfslglgaq_ijgﬁe £ Gy 13 illustrates die-to-die stacking using

d”eCtrneg%gg%n¥§glyg%b???gg%rate 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 with metal
vias connected to a second die with wire bonds;

FIG. 16 illustrates the semiconductor die with metal
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.



FIG. 14 illustrates die-to-die stacking using via bonding with solder paste;
FIG. 15 illustrates the semiconductor die with metal vias connected to a
second die with wire bonds; FIG. 16 illustrates the semiconductor die with
metal 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.streetsrand netalviasin theactive-arga of the digands  FIG.
18 illustrates another embodiment of interconnecting die using metal vias on

san SFestEAnd matdi VIS if e Hetveardd of the dfe Détailét Blesttiption
of threnDransngsndr khe presénuismentiontistdescerilsed is onelor hicre
embadimentsinghe following descriptionwithreferencs-to,the Figures, in
yvhich_like_ ,numera_lls rePresent the same or similar element_s. While the
invention is descrbisd iy t6rms otthé Best o8 for adieling the fvention's
objectivest witile appretiated Byrthoseskileecinrthenartfthat ftiisrintended to
coveraltematives, madifications, and-gquivalents-as ymay he,included within
the_spirit and scoegtocgc rthgein\i/engionnas dgfivr]\ggleb_y th% I<1':1£pfeinnd,ecg1 g(lje}ivrpasfggd
their equiVAIEAIS S SUpported by thie folfowing HiscloStite At arawings.

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 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



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 (o, fermatien of tbgsemicondugtor devices, onthe-wafer, The finished
wafer has an active side containing the transistors and other active and
padsive Edmponerts"Backiend mantiattdifing e férdid GutingoF Shgulating
thenfinishecbwafe emto thedndividdakde dnd thengpackadingathe diecforp
strugtural. suppgH-andior gnvironmentaliisolation,. . - A germicondygtor wafer
generally includes an active front side surface havivr\l?g semiconductor devices
disposed theredn® dNea backside Sutfite oimed with baicsemeoRGactor
materiak; ©.garsilicor 1 Theractivieefrent side sudface ¢contaies alpleralityadf
sepucanductordie. Ihe active suifacedsformeciby a-variety, of
semiconductor rocesses, incllédin Iaglekrling, alt}jernirﬁ)%, doping, and heat
trealmeht IR (He 1ayering process, Semonducior Hateriais aré Grown or
deposited Omthe sbbstrate byorechmiques involving tirerdnaltdxidatiohder
nitiidatian .chemical vapar deposition, eyapqration, andisputteringsfatterning
invol\ées tf}le use of plaotolitho%ra(Phyt }Lo mastk areas of the sﬁjrf ce and %tch
awRy Undedired Thateraltd Yorm Specific structures “The doping process”
injectsrcoricemrations of dopantimatdérialby teednardiffusion drdonr
implagtation Theactive surfaceds substaptialy planapand.wniform with
elec{ricz%l interc nnecés, such as b?rid pads. N Flip chit%semicgndgctord
pagkéegceg %\%‘adlW\é\fél%rl evel ¢ ?rr)l scale %a% %16%% (WLTD? areecc():r%rrhgﬁly ased
withrintégratedr ércuits RICS pdentanding Highrspedd chighrdensity, afde
greatep pim coustnklip chip stylepackaging-ipvoles manding anactive-area
of the dic acedayn,foward a chip, camier substrate o printed drcuit board
(P(S%'}. The'active area contains active an passive devices, conductive
layepsJand digleetric tayers &6corehng 16thewleeical desighdithedie. The
electical-anrd gnechanigsd intereannestis-achisyved-threugha solderibuap
struc\:}tureﬁor%{igin gilg(r:%el nurgg%gﬂiglc(i:ividual conductive solder bumps or
balls.“The solder %umps are tfolpmed on ?he%'ump pads which are disposed on
the active Aaré&cTREIR AP pads eonhett t6 tHefactivereirtitits Byhcorddction

traeks @rdraces in the activegreso Aheiselderpumpssare-electricathy: and

m?&i‘&”sic%ﬂé‘/ gonnected tg the contact pads,on the cartier subsrate by a
solder reflow process.wlahe ﬂlp cﬁlp semiconductor pacalgage provides a short

elettiCalcconGacticn patk frorhthecaetive gévites 6RaReldiettocorducion
tragks onithe carrietcsubstrateinyorder toctediice sighalrepagation, lower

capagitance, and achisve overall hetter Gincujt, peformancs. |
"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
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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
THYV 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.SuPatent Applicatign seral-No., 114£68,844, sptitled, rBagkaggon, Package
Using Through-HoIe Via Die on Saw Streets", which are incorporated herein
by TEfetehice” "M fintiy fo FG. T4 & Sermitontitictor witer 3058 Shsthn
havimgtapluedlity of die 32.dkvedie areseparated by inter dieewafératea 36,
copyronly knawn as sawv street 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"warer 1'e. - afound & Periméte? brifa dis. Eath die 532 hasaPlardlity to
contact pads-38dormedien silicon,det formeddn aibagtiversrea offdie 32 and

notin.sawstreetgyides 36. Contastipads 38 arg made of alypinum, Lepper,
or %llgumilnurglcocppelr alloys. Contact apatds 38 elgctricall, connect to active and
passive d&vicas thrdugh Edrductidn tracks ot layBrs forined Bh-fe°32. The
contact pads-can be dispdsed-sitlecbysite s fifstrdistarnce from $he edde of
the.dig; as-shawn inE1Gelas Altgraately; dhecpntagtpads Gan beoffsetdn
mu%tiple rQws sgch thgt g?firs row of cogtact p,adsF are disaposed a first
distance fromthéedge of the die, aRd"a 2&cond row of Contact pads
altérriating vdthy the- fisstTonr ard digposeda Secord distaneearfrémi theeedge of
the-digs Aseldenbump er wike bepdowilklater be formedita-canpgettaieach
mettzill cgngﬁcé g_jartldec Z@Ior elericltt%%al and me(%hetlrﬁlcal lnter%%gn%ctst&%ncye garrier

S fro e 1 . .
substrrate or prin CIrcu arqe & . %—l .?b iS a cross-sectional view

of whafer802 takerraforig linetibtibria FIG HNat shoWwingtdie32 sepatatedbyd

saw sireethguigdesc36. enercmbodimentdie 32 may have dimeasions,
ran in% .frome>r<%l rrquiilslrpeﬁerts (rmlt'?g tg 15x15 mm. The saw street pr%\ggf

ire e ormed. tgq connect .to each.m
cut INg areas ?0 singu ate fhe watfer into In |V|8uaf8he. first gle 2'1S

disposed o thiellefPof e fefimest sand street 361 7 setbhardiers2 & dispased
between the:Saw straals 36. A third die B2iiscdisposedtathe right of the
rightmost.saw stfeet,36. Once the wafer is, singulated, each sef,of coptat
pads disposed on the respective die wﬁPprovi e the electrical arid
mechaicalinterdontect fof fivat dier  ShINFIG. P semictridacter viafer 30

is againsshewn withdtsspwalityref die-32nseparated, by save streed 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
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guides 36. Dicing tape 40 is applied to the back of semiconductor wafer 30
for structural support of the wafer during the following manufacturing
operations, as shown in FIG. 2b which is a cross-sectional view taken along
line 2b-2b. Saw streets 36 are cut by cutting tool 44. In one embodiment,
cutting tool 44 can be a saw or laser. Note that the cutting tool completely

sevgraifwough water;3Q to foemaa well gr.yrench 42. The battemyef trench 42
is defined by dicing tape 40. The formation of trench 42 arises from a first
singUTAtion Of Warer 50° Whith &réat8sa frehth wittRtRat i fess thalf AKidth
of ther channket of salrstreet gaide 36; ur ig FIG: 34, isemicerduttorwafer 30
is shewnwithitsplurality of die;32 .separated .y fut sewy. sirest guides 36.
Wazfe[ 5’}9 undergoes a waf%r6expansion step to increase t?e width Iof saw
stré8t Glides 3B, FrES3\is 3 c7dSs Sctivhal Vidw st wafer 30, takeh Sidhg
lineBpe8hmshowing therdie tyeihg4dulfed usingr asraferreXparsion tablte as
shewgr:by directional ariQws 46, flternatelys the die carphepicked anghplaced
ontfo a wafer sulpport S sterkrll. len any case, tthte die are Positihonllezd farther apart
followifigth& stepR of FIBS 323D td ¢edte witferSaw'sthéét gides. In one
enmbodinrehtbthel tie se paratiod incrédses  frome 50omicrometersi{pf?) to 200
p_ma?_i%%EXPE&Qle&I @img@sigfggg%egggr?@#wf&gﬂ @@Jﬂ?@%’@lgeatﬁéeeee@alf
via, full via, sin ow.via, or double/multiple rqw via. n . 4a,
ser%iégﬁaﬁgtovgv%&r%&ts %ﬁogvens\?vitﬁhlf‘sn p?urvéjﬁ\%/t bf e 35° separated BY cut
sawastregtrgaides 36=0tganic material 48 is deposited in trench 42 by
Epin-coattlngb pideedle @%&@?@Eﬁlﬂé@&%mﬁf@&e{iﬁh@ can.he wti)th its
enzocyclobutene (BCE), polyimide (Pl), or acrylic resin. FIG. 4b is a
cr sisggégt%ﬁalovieévl%f%\)/zdfe?; ??3&%% a (\)/ngC Lfitgesig-fﬁrs Yowi %lg?ﬁ’ar%i%'
matefiar 48 depositer #f trencht42. Organic ATateriab 48filis trenehs 2 irom
dicdn%ﬁapgﬂosap t@ftth@et@pg@liﬁagem‘ .dieF%ZEI 'Tr?% b@@lfi@&@; .wlafer 30l is
transferred onto wafer support system 49, which is made fro ass, silicon
SUBSA oMb walor o et T FIG. s, CemCorhtan
wafére301s shoviy AtH #Splufdlity of dieB3Z, seipaatédby-s@dwestecetgaides
364illegiwithrargaunic smaterial 48. A via bele B01is,cutHate okgaanic material 48
along saw streets 36. The via cutting operation uses a laser drill or etching
o i T 7 1200 A10h oy St contact Bacs 36, n
oné&FRbotiment Scartack patsi 38 ¢thd vid-helkesBO Havee almininturaRe
sepaiiondistanee of about-20 praded 0 par, depepding-endhediameter
and depihyof the.vie. ., INEIG- 3B, the, gross:sectional view of wafer 30,
taken along ﬁne -5b, shows via holes 56 cut into organic material 48 down
to WafEPBapPBER Systent 292 ThelaserdrllifgopEtationlisvEritered ettt the
channehef thessaw streetiguide and. makesia hole having a-digmeterdess
tharno'gqheV \{vaildthogf tren cge42u\ivpilc (Ieea\éews g.lgyer of organic material 48
surrounding via hofe 50. The width-of tranch 42 is dependent on the width of
saw streettwithf: battypieaiy shsalférotharptie sal stteéb@iEth THe didmeter
of viauhalei %9 is typically aboisckl pra dodP0C-pm, dependirng-ogihedeqesred
viagdenityIn addiion, vigholes a3 are il (roual, contaet pads 36 down
throug% wafer 30 to wafer support system 49. The laser drilling operation is

cefifeted sb Ut E6tatT patPB8 HHd hakés adle RAViRG a tidmheter|ess than
theowﬂdtcbb@fcthﬂa(iﬁ atact (cm:ds ywhight kﬁaﬁ&paﬁmf,th&cmaiaﬁ padrsuﬁrgynding
viazhole 53 at the top of die 32., Note thatyia holes23 arg formed on silicon,

i.e., through an active area of die 32. A metal track or trace 52 is routed from
ea&ﬁ%n‘f&c‘:t‘lb' showing organic material 48 deposited in trench

S



pad 38 to the corresponding via hole 50. Trace 52 is formed by a metal
patterning process to 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
contact pad and via hole pairing as shown. Some via holes 50 are dummy
vias performing no electrical function. Accordingly, metal trace 52 need not

be routed 1o, gyery yia depending on the devics, function,, :ltiElG 68,
semiconductor wafer 30 is shown with its plurality of die 32, separated by

saw’strEet-Guidts 38Rvith MEtT-filed VsS4 anth56 A% Gefife HidtETial is
dep6sited intoviechokes 50 throuwdlsa depositionsprocessisuchiascplating or
plugging {0 Jarmmmetal was;34,.The sameg.condyctive,matgrialis als9ort
deRosited irllto via holes 53 to form metal vias 56. Metal vias 56 are formed
thr88GR"ar active area of die 32. The conductive material can be copper
(Cu), alurhinaiG(Alyatungsten (W) oralloystthereof,ior mixturesicflothes
copductive materials Metal vias-54 ate foymed,insand aresurseynded by
organic material 48. Metal vias 56 are formed in and are surrqunded b

contact pad'38"ard #e HetiVe aredof wafer 30" Methf Via 54 electitallyt©
corneetsito centact Pad 88y wayseftracess2 sTraces SRareiprovidéd for
eagh contachpadand metal via pairing as-shewnq FiG. &bsis a cigss-sectional

vie%ofa Wafe!'L gge alé n alo 6b, showing metal vias 5§ eI%gtricaIIIX

in b
connecting to tontad Bgas%tﬁrzouag%ﬁ%%rég  &hd metalViss 5
eleetdcallyrednnettingterdarmtack paels338 directlie Waterss idp o system 49
is replaced With dicingdapeia8 farstruetwighsuppert.ef the wafepduring the
second or if;lnal Osriln%ﬁI]atign to se[f)aratg %ie 32. The t?lottom of metal vias 54

an COINCIAES wi edlcﬁﬁaetgﬁe 58 ATeklis ri%utiE)neIaY/le‘_F1 (RDL) can be

formed oAthE ackside Bfavafers30.5Fhé backsidé RDboperates 3% an
intermediateconductives layes todiostie electrical signalsdervarious areas of
the die, including active_and passive circujts, and proyides yarious electrical
intel raclcoénrnleacJLtl o!l[r)gtiog?losW autﬁ%gwﬁ%%fagsél ?ﬁt%ﬁj%aﬁ 3 ﬁ:gg%lc%/%s sgg\?vnﬂ%sﬁ [Gs.
159%8. 1A Yepassiriatiorriaye? isfoirnedbeteen the individwd iddésof the
bagksidetRBL; for elegtricaldsolatios J he farmgation ofackside RDErand
repassivation layer is disclosed in U.S. Patent Application No. (Pending),

A o) DRk NG T3 008 Bra SemEbncior W Raving
Thistgh Hdle Vias'en Saw Segiswithlisadkside redlisttibtiontlayesch  In
FIGs. 78-dypnetahviasbH4 ake e through eenterarea 68y cutting tool 70.
In one embodiment,. cutting tool.70 can be a saw or |aser. The cut extends
doSEe At BB 10 S lLtel Lot AL int o Saaal
halffircle vied 84°A pickedRd plaee operationlreffioves Hi€ 32'as individual
unis frora diginghtape:58e qu i Ha & 1Gi Baysamiconducien die 32, isvshown with
both metal vias 64 on saw streets and through silicon metal vias 56. FIG. 8b
R S e e s Ahbh, Shooias etiins
forAted thitrigh sieBRGTdieY32 dhd  hetal Vias'6f Taw! StrektEonfiguration,
as preducedby the snarutactudpgistepstof ft1Gsdl-¥8 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
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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 an the hackside of die 32 RDI.1 44 canbe made,with nigkel(Ni), nickel
vanadium (NiV), Cu, or Cu alloy. RDL 74 operates as an intermediate
condaBiive fyeér {5 ioUte aIeEicHISIgRAR T VariBus dRES of thatdie"
incheding3active and passive dircuitsi @andvprdvidesMaricuss eledtrical
interconnact.ptions duging;package dntegration, sughas shown.in FIGs.
15-18. Repassivation layer 76 is formed between the individual nodes of
baBkSIGERDL 74 157 Sle ikt idolafion e repatsivation fayet ¢&h be made
withtsilioon riide (SiN)hsilicorpdioxide (8102) viiicoroxmitrides(SKON),
polyimide,:benzecyclobytene {BCH): polyhenzexazole (RBCY) ofLiher o+

insulating material. In FIG. 10a, semiconductor die 32 is shown with
comtact pads 38¢onriacted 't MetalViasBo by traces 52 FIE 0b E'a
cross-sectiornadlvieweof diemd2otakert along fine I0b-19bsshiowingtinetakvias
%é?é@dq?g?ﬁ@a/y hsérﬁeii?@ﬁ-ﬁl?e éehggaé Miads B%O?HQ?E tb%%me §%em§§§@rita@éﬂn
s. 1-7, with the exception that two via holes like 50 are formed .
sideshy-side !ILI% eogrg\éﬁ?cs rrl%ta4te"r"irelaﬂ11 4§f¥VThe‘A‘S|C qusﬁgitdlev\?iamﬁc%leerslg are
separatedtisy organicmaténak48 > Conduttivie raées 52 tdnnekt eontect pads
38 andhviashples 504 The gide-by-side via bolesarg filledawith condugctive
material to form metal vias 80. 1 In FIG. 11a, serpicondléctor die 3%is
shown with con géY(E’)a 353 %:%nnlesétgé 16 metal Vias %Ol By?réfcleas gﬁ. fﬁcing
tapelistapphed tothe backeef semictadactorwalfer°36 fer Srueasral Suppott of
theswafer dudngthe firalsiageationte sepanate-die-32. as:showadn HIG. lIb
wh(i:coh iseg C{8§§-s%cl'[ionp.zar! 1}/Hileve/A en %Ion Iér}]e Ilﬁslll()).r Th?lsoecsond or final
singuiation to separate the plurality of die 3271 ¢ t'through Grganic material
48'diengdihe 82 BEtietitthe Side-byrsidendias B0 witkraauitting toolfike 70.
Theisingslation:betveen metalndas80 results kuthe petal yias en saw street
configuration in,combination with dhrough siicon,vigs 59, .. In FIC. 122,
semiconductor die 32 1S shown with contact pads 38 connected to metal vias
80 BiFtraeed B FGO12h i aPerdbssiséstionalvienr oF dier 392 takem afeng line
12b41.2b shewing metal vias-en saw sjreetconfiguratiope Jhe-metakfulbcircle
vias are produced by the steps described in FIGs. 1-7 10-11, The
o by e e RIes e 50 8 ool by AR it
Coreltictive tPacesiRe'SZ electtizally voriHect théltvtitact pads &id via holes.
The:side-hyeside via holes.arg filledarith conductiveamaterial ta-fanm snetal
V|a§h%gq..Thergg}|a}5!fln glsatlé)p to, separate,the %léjrrl%“ﬁ'té/t%fnd'e 32 is cut through

t tact
organic material 48 between the side-by-side metal vias 80 resulting in the

metaPyia’sn 'Save strect corfifgutation’ii csthbinatict® with fretighisificon vias

56connecting 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

11



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

optians fonelegtricaliy. connecting.the stacked dier 32 Alternately,
semiconductor die 32 with metal full-vias 80 and through silicon vias 56 can

be jGinEd fShether By (Hioh'd6 Ui a ditett Wizt nictalrbbhaiy prédads
FIGol4dltustrates disstotie stacking usingudabordingwithsdldespaste 92.
A plurality:of die 32 s stacked as.shqwn Jo.suit-a particular.application. Each
of the metal vias 64 and through silicon vias 56 can be joined together as
shORH'BY TefibWwiny sbiderpaste 95 thtreale a°8tFong natalilitgichboid
befiweén each ofstackethtiec82 1 Ihercambinatien dfstiais €4 ahd 56 provide
greater intereanneatlexibility and options ferelectrically cannegting the
stacked die 32. Alternaterl%, semiconductor dje 32 with metal vias 80 and
throighsiliedn viad 56°CAN be'joinéd t8§6ther By Soldér pasie 82 tising ="
reflow processisclisfiGsn 18-58 shroves vatiobisipackagingcapplications
usinge 43 Pags, an interenneci-technigue with the dddvs foemed.on saw
streets and 'I('jHVts on s%ié:on.hFlG.. 15 1hﬁls se:pi%oqdu%tor die 1050 attached to
die 32With Adhesive 107 Die* 100 Clectrizaty connects Hhrsligh Wire bonds
104toanetalwias 64 ohdie<32.<Dies 8215 supported by-Substrate 106. Metall

vias 64 and %G electrigatly cannect toisolden beraps 108 thwreugh canductive
layer 110 Tr%e packgges are%?egléaq bé epoxy eérrlgagsulant 112. . FIG. 16

shg\}fv%asgr%icgncfdl&orn eﬁ% attached'todie £ ?/Vlf‘hmgaﬁ’es?\}let tiﬁﬂ?Die 120

eleearicalR’ conanekss throrighrwirklsends 126 tortetak visi64tvdie 32. Die
122 electrically.connectsdhrpughsolder bumps 428 toimetakvias-26 ompdie
32. Die 32 is.supported by, substrate 130, Metal yias 64 and 56 electrically
con lelggt(z)bgé%ecf rlfr%%s\%/.lﬁf tf%rlo'ugf%cgﬁ I\%cﬁ\r}g I%/SF i3ﬁ?%aetﬁ88kages
are- sBaksr by iepoxy ehcapsulariuede unitRIGr o7 sHows Semiepndtictor die

140 electrigaily connectedtodnataladas 6 or 80 an die 32 by waywftond
wires 1§2. Semiggnggctor die 154 electrﬂga,gll)(r%onnects to metal \éiaf, 64 and

56r[(1)ent e §ia€y way of wire 6668‘?1556 and contljlﬁ(k:lti\f’el %alfé)rnlgg. Bie 32°and

140%re Susported By subsiate 180" Tt éntiteasIenBly ismotipted to
substsate 164 Wikehgndsd62-fsom:substrate 160-pravidetbeplestricalon
connection 1q solder bumps 164 through caonductive layer 166..The packages
o e et R A e R
eneApSUltes e 154 "FIG TEg shoivs sérfiesndbctorie 180 electrically

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

12



connected to die 32 with solder bumps 182. Passive devices 184 also
connect to metal vias 64 with solder paste 186. Die 32 is mounted to a
semiconductor package containing die 190 with adhesive 192. Die 190
electrically connects to solder bumps 200 through wire bonds 194,
conductive layer 196, and conductive layer 198. The assembly of

semiconductor dig 32, 180,and 190 are, supported by substrate 2Q2. Metal

vias 56 electrically connect to solder bumps 200 through wire bonds 204 and
coffdilive fayerr1982The Pacdkdgds aré ‘Setied by 85o%y encHpstidnt2os.
Anagnidedillamaterals208 provides stressdeliebviddn sumieary, stackable

semicondyctor dighas-begpdesgcrined with, THVs farmeddn thesaw;strgets
and THVs formed on silicon. The electrical interconnect is accomPIished
usingthe THVS BR saw'strdets and THVE BT EMEORT Iy AdHTHGH td & *°
redistritrdicre layesrn separatedi by @& repassivation |&yek todacrédsé Sigrval
rowting-options and density. TheTHMs gn-saw stegetsand THVson siligen, in
addition to,the RDLs, provide more signal routing functionality and flexibility
within thé package’ = Whildone or tore 8mbodimeérits o te présent "
invextiohthave besrPlustiztéd inidetail Pever skifleteartisarewilBappreciate that

maglifications angbadaptations ta-thase embediments;may:be imade without
departing from the scope of the present ingggtigg as selglforth in tﬁe following

claims Claimis What i clafed? euctor 3 5Eham it
contact pads 38 connected to metal vias 80 by traces 52.
FIG. 10b is a cross—-sectional view of die 32, taken along
line 10b-10b, showing metal vias 80 along saw street 36.
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.

13



1. 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

plurality of fraces coppecting;the,contact pads and fustmeial yias, 2. The
semiconductor wafer of claim 1, further including:
contact pads 38 connected to metal vias 80 by traces 52.
FIG. 12b is a cross—-sectional view of die 32, taken along
line 12b-12b, showing metal vias on saw street
configuration. The metal full-circle vias are produced by
the steps described in FIGs. 1-7 and 10-11. The side-by-

side via holes like 50 are separated by organic material

48. Conductive traces like 52 electrically 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 separate the plurality of die 32 1is
cut through organic material 48 between the side-by-side
metal vias 80 resulting in the metal via on saw street
configuration in combination with through silicon wvias 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

14
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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. 3. The
semiconductor wafer of claim 1, wherein the die are stackable and connected
by the first and second metal vias when stacked. 4. The semiconductor

wafer.at claim, 1 wherein-atleast ong metal via-is.farmed betweenthe: o
contact pads on adjacent die. 5. The semiconductor wafer of claim 4,

whet&in'the's&milshauctorivafet i8¥ingateathtddgh the Atigast ohd'metal
viake forimetetap viashelectricaly denneeted t@ the contaet padsdy the traces.

process.

In FIGs. 15-18 shows various packaging applications
using, in part, an interconnect technique with the THVs
formed on saw streets and THVs on silicon. FIG. 15 has
semiconductor die 100 attached to die 32 with adhesive 102.
Die 100 electrically connects through wire bonds 104 to
metal vias 64 on die 32. Die 32 is supported by substrate
106. Metal vias 64 and 56 electrically connect to solder
bumps 108 through conductive layer 110. The packages are
sealed by epoxy encapsulant 112.

FIG. 16 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

15



6.The semiconductor wafer of claim 1, wherein two metal vias are formed
side by side between the contact pads on adjacent die. 7.The semiconductor
wafer 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. The semiconductor wafer of

claim, L furtheripcluding salder, bumps electrically connected todhg-Rble 9.A

SeTé%ogqg%tocropnancekcatgeﬁOC?"nng gfmvgl:as 64 with solder paste 186.
Die 32 is mounted to a semiconductor package containing die
190 with adhesive 192. Die 190 electrically connects to
solder bumps 200 through wire bonds 194, conductive layer
196, and conductive layer 198. The assembly of
semiconductor die 32, 180, and 190 are supported by
substrate 202. Metal vias 56 electrically connect to
solder bumps 200 through wire bonds 204 and conductive
layer 198. The packages are sealed by epoxy encapsulant
206. An underfill material 208 provides stress relief.

In summary, stackable semiconductor die has been
described with THVs formed in the saw streets and THVs
formed on silicon. The electrical interconnect 1is
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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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, (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; a plurality of redistribg@aJayers (RDL) formed on a second

surface of the die opposite the first surface; and
What is claimed:

1. 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.

2. The semiconductor wafer of claim 1, further
including:
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.

3. The semiconductor wafer of claim 1, wherein the die
are stackable and connected by the first and second metal

vias when stacked.

4. The semiconductor wafer of claim 1, wherein at least
one metal via is formed between the contact pads on

adjacent die.

5. The semiconductor wafer of claim 4, 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.
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a plurality of repassivation layers formed between the RDL on the second
surface of the die; wherein the first and second metal vias provide
electrical interconnect between the stacked die. 10. The semiconductor
package of claim 9, 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. 11. The semiconductor package of claim 9,
wherein two metal vias are formed side by side between the contact pads on

adjacent 8§ ¥ THE'SBficONYEEDT PaAckage Bf tlaif 115 Wheréin Thé >
semieenduetor wvafet is Siegblated &ohg Saaw stiget guides detwatn tire two
metakyias-to ferm metal vias electrically connected to the contact pads by the
traces.

7. The semiconductor wafer 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. The semiconductor wafer of claim 1, further including

solder bumps electrically connected to the RDL.

9. 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,
(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;
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 diej;
wherein the first and second metal wvias provide

electrical interconnect between the stacked die.

10. The semiconductor package of claim 9, wherein the
semiconductor wafer is singulated through the at least one

metal via to form metal vias electrically connected to the
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13. 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 including a plurality of
second metal vias formed through an active area of the die; a second

semiconduyctos diesdispased adjacent to the first semiconductor die and
electrically connected to the first semiconductor die through the first and

second metal vias; and bond wires electrically connecting the first and
seddnd sésicenductorddiet o4 pEhessemigonductor packagesoiclaim 13,

Wh@é@_i&‘lw\’zq Qéefa'ﬂé/ i%ﬁﬁ%@'ém&g %Jgeéi)ééi%%@@ﬁeﬂﬁ@ec%@%é P@Qéson
an adjacent die. 15. The semiconductor package of claim 14, wherein the
seMicGdGES wafet is singulated along saw street guides between the two
metal vias to form metal vias electrically connected to the contact pads by the

trages. The semiconductor package of claim 11, wherein the
semiconductor wafer is singulated along saw street guides
between the two metal vias to form metal vias electrically

connected to the contact pads by the traces.

13. 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
including a plurality of second metal vias formed through
an active area of the diej;

a second semiconductor die disposed adjacent to the
first semiconductor die and electrically connected to the
first semiconductor die through the first and second metal
vias; and

bond wires electrically connecting the first and

second semiconductor die.

14. The semiconductor package of claim 13, wherein two
metal vias are formed side by side between the contact pads

on an adjacent die.

15. The semiconductor package of claim 14, wherein the
semiconductor wafer is singulated along 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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