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

many produSEYSENHY AT0Ge HEEBR Y SEeni CERAYER RO/ ications in
consumeP et sBEREAE & ntertHiFAERE T mRTR it AORYT ARV OIRER

computers, and household items markets. In the industrial or commercial
market, semiconductors are found in military, aviation, automotive, industrial
controllers, and office equiphtof thpelRftfaRire of semiconductor
devices involves formation of a wafer having a plurality of die. Each die

contains hyndreds or thousands of ransisfors and other actiye and passive

devices performing a variety of electrical functions. For a given wafer, each
die 6t WEFer typieally petfortis th8 SameBl&étritst furietién. Front-end
mantfactuiiig geaetraly sefers todoemationnaf Hre-senricanductaradevices on

the wafer. 7hs fipished water has an active side containing the frapgistors

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

Background of the Invention

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

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

packaging the die for structural support and/or
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environmental isolation. Semiconductor manufacturers are increasingly
adopting packaging techniques which involve three-dimensional (3D)
interconnects between the semiconductor devices. The 3D interconnects
provide advantages such as size reduction, reduced interconnect length, and
integration of devices with different functionality into an overall 3D package.
One way of implementing 3D interconnects involves the use of through-hole
vias{THV Y TEY s are- ffpiéatiyTocated around the perimeter of the die along
its saw streetguigies.Most, it Aot all r sepieonductarpackages use the THVs

to royte signals between adiacent die, Howeyer, THVS alone limit signal

routing options and reduce signal routing density. Present af]%igh density
packagitiretitire high densitysid flekibledhterednheet eapapiity fHich is
diffieudt ieachieve throngh TENVS nne A Need exisis davaareases signal rewting

optiqns and. density in & semicendyctor wafer having THVs, Summary of the

Invention In one embodiment, the present invention is a method of
formiRg@sentiesnabictsrwatsr domprising theSteps'stformnig &y 1te
semiconduetor waterdwaunga pluraditywef, dier withoecentact pagdssdisposed on a

first Sprtace af.eact qiSVBQ%QQ”UEQr,‘gé‘&t%rfwé‘ﬁ%t]%}{iﬂgo%wvﬁté%et guides

between each die, forming a trench in the saw street guides, filling the trench
with 9rgahic nfatétiat formiRg<a plurality of via RO T tHE orGanitsirzterial,
forrrdlﬁgt_iraceﬁbefﬁweeql the;ceratacﬁpad&agdﬂadnplesl,odep_oming?t o
condystive material in the via holes to faum:metalyjas, forming.redisribution
layers (IEQDL) on a second surface of the die opposite the first surface,

fornfifg TepassRAR T fayers betihdE ffe RBL Dritthe SetoRU surtace of the
die, and singulating the semicohductel wafer atong the awve street guides to

separatehe %ﬁggnﬁq&digwgi@ckadgﬁwﬁﬁabgg ent,the present

invention is a semiconductor water comprising a plurality of die with contact
pad§isgoséd ol a fitsEEGRALE T E261 e “FHe sEmidonductor Watet has
sawtstreethgeides-hetwedn THVs .

A need exists to increase signal routing options

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

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

metal vias, forming redistribution layers (RDL) on a
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each die. A plurality of metal vias is formed in the saw street guides and is
surrounded by organic material. A plurality of traces connects the contact
pads and metal vias. A plurality of RDLs is formed on a second surface of the
die opposite the first surface. A plurality of repassivation layers is formed
between the RDLs on the second surface of the die. In another
embodiment, the present invention is a semiconductor package comprising a
plur&R§CePstaeked Gie® Edct die ictaaes Hoplurafity éf ébntattipefs disposed
on artitst suface et the die.ca plukality ofsnetad vias éommedalopgea perimeter
of the die, a plurality of traces %@ctrical(%/ connecting tGe trTHgtaI vias to the

secortl T . , and sin .
contact pads,%l pﬁjrallty oF RDLs férmed on a second surface of the die

opp6Site thadirst strfagésandla plurdlity ot fepassivationayers formed
between the RPLs on ¢he seconehsurface ofithewdie. The RDLs provide

electrical interconpect beween, the stacked die. . .. In anatber embogiment,

the present invention is a semiconductor package comprising a first
semPESHAGESE Hie halAh G cortaEE pads arfd Fetat vids forméd ori'a fitst
surface adang@ perimetes oftherdie electrically-canreetec:to-theicontact pads

throygh a plurality, of fraces, Jhe fitst semicgndudctor die Jurthet jnclydes a

plurality of RDLs formed on a second surface of the die opposite the first

surfaé&laritt & plufality Bfrepassifatitit MyefsFormed Betiieen theiRDEdn
the secerd syrfacesobthie die.sAsecontbsemiconductar dietsdisposed

adjagent 1o the first semicandygtor die and is. glectrically sonnected to the first

semiconductor die through the RDLs. Brief Description of the Drawings
FIGE b iIfistrate 10p ahd SidePViews of Ar&&EmMicOnductoT Wafet Havifg a
pluralitytokdie¢iseparatedtsy saw street guidesice. A pElGsl2as2billustrate

top aod side yiews, ofithe.semicondycior waterwith ot say strget guides;
second surface of the die.

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

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

traces. The first semiconductor die further includes a
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FIGs. 3a-3b illustrate top and side views of an expansion of the saw streets;
FIGs. 4a-4b illustrate top and side views of the expanded saw streets filled
with organic material; FIGs. 5a-5b illustrate top and side views of
forming via holes through the organic material in the saw streets;

FIGs. 6a-6b illustrate top and side views of forming conductive traces
between the contact pads and via holes; FIGs. 7a-7b illustrate top

andBidé Hews cTdépositihg et ettive ARaerial iviie via ablége die
FIGspBah dlusteate itoprand side views of fprming bagkside redistribution
layers and repassivaton lavers; . e HIGS: 33 liustrate top and side
views of cutting the metal vias into two half-circle vias; FIGs. 10a-10b
iIIusﬁ‘é’Eéf@ﬁa‘?ﬁ St gi'é@\,s of second semiconductor die is

disposed adjacent to the first semiconductor die and is
electrically connected to the first semiconductor die

through the RDLs.
Brief Description of the Drawings

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

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

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

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

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

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

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

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

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

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

FIGs. lla-llb illustrate top and side views of two side-by-side metal vias
formed along the saw streets with redistribution layers on the backside of the
die; FIGs. 12a-12b illustrate top and side views of cutting the organic
material between the two side-by-side metal vias to separate the die;

FIGs. 13a-13b illustrate top and side views of a semiconductor die with metal
viasialdRg e saw stfedtse With mEiel1%iifigsiratE@s dieteie Stacking
usingtditeetsmetal-to-metal via bonding; FIG. 15 illustrates the
semiconductor diewith 'I‘ftal vigs.« gh etcrtgg to.a second dl with_solder

bumps; FIG. 16 illistrates the semicondu&tor die with metal \ V|as

coneteti 5 aXSECOHP o ith BoAd WRESSS 1onehe1 7 AMSHATR'
anotherre mbotément of intercenaesting diecusinghnetal vastore sanestreets
and backside RDELIGag]dIZa 12b illustrate top and side views of
cutting the organic material between the two side-by-side
metal vias to separate the die;

FIGs. 13a-13b illustrate top and side views of
a semiconductor die with metal vias along the saw
streets;

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

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

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

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

FIG. 18 illustrates another embodiment of

interconnecting die using metal vias on saw streets and

backside RDL.

Detailed Description of the Drawings

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

the art that it is intended to cover alternatives,



FIG. 18 illustrates another embodiment of interconnecting die using metal
vias on saw streets and backside RDL. Detailed Description of the Drawings
The present invention is described in one or more embodiments in the
following description with reference to the Figures, in which like numerals
represent the same or similar elements. While the invention is described in
terms of the best mode for achieving the invention's objectives, it will be
appfstiated By thoSe skiffed Wy i P Hfatit is'teRBed B e6\eYr dRhéfhatives,
modifieations,iand eguivalents astmayibe dncluce dawitbi the spirit amd scope
of the vention.as efinedby the appgnded dlaims and|fhelr eayivajepts as
supportea y the ?oﬁﬂowmg disclosure and drawings. The manutacture of
semfcari@UetT devices MvSlvas foffatibrost-a wafer having a plurality of die.
Each die comtainsnhhdadreds:ob theusanrds of dransistors and other aetive and
passive,devices performing one pr.more electrical fungtions. Fora given,
wafer, each die from the wafer typically performs the same electrical function.
Frorftehd thanOFactfing genételySraters &5 férmation oithedemiddiiductor
devigesior theavafessThe finishedwatertas ancactive sideneoataining the
transistors and other active.and passive components. Back-end. ¢,

manufacturing refers to cutting or singulating the finished wafer into the
indiﬁHﬁaWﬂ%ﬁnHyﬂﬁé?ﬁﬁégkﬁﬁinoﬁ%sd@Forsétﬂ?ctﬁjrﬁl‘%ﬁﬁﬁ&llt and/or

envifonatental isatation -endArsemicondudioy wales:generatly ineludes an
active front side spriace baying semicondyctor deviges dispgsed thereqn,

and a backside surface formed with bulk semiconductor material, e.g., silicon.
Theadthve fidnt Side stifface cantain's a’pitrality dPsemicorddctor die. The

active susfacecisfosmedb by varietyof semicenductorqorgsessess including

layeging, patterning,.doping; And beat reatment. In, the, layering proGess,

semiconductor materials are grown or deposited on the substrate by
techinfués Tvaiethd' térmaroxidation” Hitridtioh: dhemital vepor deposition,
evaperation, rand sputtesingo Pattenning iavolvesmuse: of photelithography to

mask areas,ef the sutface.and etch away undesired material to form specific

structures. The d,oping process injects concentrations of dopant material by
thermal A semiconductor wafer generally includes an active

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

injects concentrations of dopant material by thermal
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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 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
circtit bbard (PCB). TThHe Hetive adal eantains active did PHsSHE devices,
conduetive jayers; ansh dielectsicdayers aceording ter the: electnical design of
the Qirg:%(;l'rhceo relzllne(:%cct{:’ig{;ll ggghmgghggri%alggtcgsrponnect is achieved through a
solder bump structure comprising a large number of individual conductive

solder bunipsor Ball. THe' seRét Buhpeearerfiited o iheebunfy pads which
are disn@sa_dame tiaeca@t@éesanmﬂheﬂwmw@dsgaommtmmhe active circuits
by C?Qéj&?%‘g{'e%ﬁa%% o aces; H‘sSh%éﬁ%Q}{Si%{ganiT%he spldey bymps are
electrically and mechanically connected to the contact pads on the carrier
substrate by a sBltetT@floW pPocess e flif thib Serficdhdliétor package
prO\@deS@JSh@rtjeleenrieai oﬁmﬁuﬁntmj\ aatlmﬁpméhe@ﬁivefdeui@@i@n the die
to condugion tragks an the,carrier substrate,jn.order tg redusg, signal

propagation, lower capacitance, and achieve overall better circuit
performante. P°21f the Present tiscidsish, AL P providedHaviig? ™

thropghshole viasi(d4tV) termied alorg saw streetsdThedackside afdherwafer
has redistribytion Jayers (RDL)fOr intercannect flexipility separgjed by

repassivation layers. WLP with THV formed along saw streets are described
in USS ePhtentApplicatich SerarNol 117744857 entitictF "FRiGiigh-Hole Via
on StaWc&tgeeB'isamieﬁurtislearfinslﬂr&c@atentcﬁppl&daﬂm Serialye. number
11/768.844, enitled "Backage on Backage lsing Thrqugh-Holeyia Die on

Saw Streets", which are incorporated herein by reference. Turning to FIG.
la, a*SefficoRdtiEtor Wafer 3F s sRBw fabit a pitrality of dié32. The die
are separated by infes die waterarea.36 Tcenmonlyckdewrcassaw street
guidss. The saw street,guides are rayted aroynd the wafer,sychithat there is

a saw street on every side of each die on the wafer, i.e., around a perimeter
of tHE G’ AT Uie 39 filas A pitrality i cohtact Hds 38F0rtheton an active
sidereictiendier Contaot pads=88 aretmadecot alumipain, coppes, oprrier

a'“”%,im%‘é@@tp&% lloys, f%@@taxc;m 38 slectrically,connect t@n%tive and
passive devices through conduction tracks or layers formed on die 32. The

contaA P Eah Pe BrpEEEY Sideby&itie®a st Gistancs from'the edge of
the digyas-shownpintEIG rlan Alternatelyy theeontact padsicanibe offset in
multiplesows sHchthat a first raw efcontact pads are disposediafirst
distance from the edge of the die, and a second row of contact pads .
alterratiig with the firt Yoa7 ke Weposeda S6E61Td tidtahteWont e 8dge of
the dies 7% solderthemp-or wirg- bpadiwithiaterbe formed to connect to each
metal contagt pad for elegtrical andmechanicat interconnacttoa chip garrier
substrate or printed circuit board (PCB). FIG. Ib is a cross-sectional view
of wafeP 38 AKET alorg lindIBALREG: R ShdwWiRg die™32 S&paratsd by
sawkstréetiggides 36<lnveherembodimentdido82 imay rarse diniBhRsiorsr

ranging frem»2x2 mitinagtersi(mm) 4o koxkamm, The,saw: streets,provide

cutti? areas thsin u,Ia%e th%wfafer ircljto individual diet. A figst die 32 is

disposEd o the Tett of the Teftmost Saw el 3™ Strests are
described in U.S. Patent Application Serial No.
11/744,657, entitled "Through-Hole Via on Saw Streets",
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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 guides 36. Dicing tape 40 is applied to the back of
semiéshduetorsvaret 30 for StrhetiralBEppoRTIFIhe FfAafér-diifing the
followingaaapufactking-oparations; as showrk itk ke, @biwhicimisoagh-
crosg:gectignalvigw taken along lipe 20-2b,in FIG. 22, Sa streets 36 are cut
by cutting tool 44." In one embodiment, cutting tool 44 can be a saw or laser.

Noté &t thédutthif 58l €ompletely severs through wafer 30 to form a well or
trench 42. Thenbatiom of trench424s defined bydicingytape 400 The
formaion, of rench 42 arises from adirst singulation of wafer, 30, which
creates a trench width that is less than a width of the channel of saw street
guideB6r 2teth FIGI B setit offtittoriader 30 is SHWAXvith A& pldFality of
die 32yseparateddoy cut sawrstrest guides 36. Waters3@ tmndergoes a wafer

expansion step.to, increase the width of saw street gyides 36. FIG, 3b s a
cross-sectional view of wafer 30, taken along line 3b-3b, showing the die

beindy phlleéd s dWaferekpangiifiablé & showib§ diréttiort Hifows
46. Altermately cthe diectan be pickegsandglaced ontota wafet suppeatis

system.qn.any case, the die are positigpeg, farther apart fallowing. the steps of
FIGs. 3a-3b to create wider saw street guides. In one embodiment, the die

separdtidifitfcréases om0 mMidkBhteter (Y td280 prEPThe EXifafited
dimensioncdepends h e desigra embodiment, i halt viee fah¥ia, single

row yia, g, doyble/multiple. 1ow via, 4., dP G 4acsemicondyctor wafer 30 is
shovan with its plurality of die 32, segarated by cut saw street .
ormed on die 32. The contact pads can be disposed side
by-side a first distance from the edge of the die, as
shown in FIG. la. Alternately, the contact pads can be
offset in multiple rows such that a first row of contact
pads are disposed a first distance from the edge of the
die, and a second row of contact pads alternating with
the first row are disposed a second distance from the
edge of the die. A solder bump or wire bond will later
be formed to connect to each metal contact pad for
electrical and mechanical interconnect to a chip carrier
substrate or printed circuit board (PCB).
FIG. 1lb is a cross—-sectional view of wafer 30,
taken along line 1b-1b in FIG. la, showing die 32
separated by saw street guides 36. In one embodiment,
die 32 may have dimensions ranging from 2x2 millimeters
(mm) to 15x15 mm. The saw streets provide cutting areas
to singulate the wafer into individual die. A first die

32 is disposed to the left of the leftmost saw street 36.
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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 42.
Organic material 48 fills trench 42 from dicing tape 40 up to the top surface of
die 32. In FIG. 5a, semiconductor wafer 30 is shown with its plurality of
die 32586paratedhy salv stteebgifde 36 e With 6rgaficiRaterial4s. A
via holer3@ ds eut irto arganicppaterial 48 atong saw SHeef&361<-ﬂi'lﬁn\zﬁi§t
cutting operation uses a laser.drill or etching process. Via holes,50 are .
placed along | die 32 adjacent to contact pads 38. In one efnbociment contact
pads 3%-aAf \iatoles B Rave A ntiffmtiA?8epatdfiof tistahck 8F aﬁéﬂ? 20
pm th 250 1pm; depending oethe: diametenand deptbcaf therviehat dadIG.
5b, the cross-sectional view, of waler 30, taken along line 5b-b. shows via

hole 50 cut into organic material 48 down to dicing tape 40. The laser drilling

opetatidh iseeRtetedlabsutthe’'éRannel 6?%%5Wsﬁéefﬁ‘ﬂ|&é%makes a
holeghaviag adianetet less than the widtpof irenctod 2 hwhiclkrleaves a layer

of organic Mpaferial 48 surrounding viahole 20. .ihe i Iﬂ»E’f frengh,42 is

dependent on the width of saw street width, but typically smaller than the saw
stre&fWidth The didmeteCof Gia Rgle"s0 iS %l%ﬁﬂ?%ﬁﬁiﬁrfﬁ prito 100 pm,
depending on theaequirechvisndepth. lareks-6acsemieanduetorsaater 30 is

Sho‘é’ﬂo‘%h its,plusglity of, die-32, separated by saw. stregt guides 36 with via

holes 50."A metal track or trace 52 is routed from each contact pad 3 to the

corrE8pbhbthd 9f hofe 501 TraBE 5ZRCFOMTEE by A hretdl patterniify process
to cornecteentact pads 38 tvatia holes 50,ewhichcwilbbediled-withleardyctive

materglinalater siep, Jraces 2 are:providegLior egch coptactpad apg.via

hole pairing as shown. Some via holes 50 are dummy vias performing no
electiicaiFinttioh” Kecordingly, AfctarfidcBs2 hetdnbeBE rdlited ?8%very
via depeadinghontherdevite fanetioneFlGr &b is & cross-sectiohat view of

wafer,30, taken glong, line 65-6b, showing:meialtrace 52 ¢annectingpontact
pad 38 to via hole 50. In FIG. 7a, semiconductor wafer 30 is shown with

its plurkiity Bf e 52° sehiafed By Sl stiedtSjuidesss with metal-filled vias
54. A conductivecmateriakisndeposited amtovwigelnole050 thedugh awvdeposition

procgss such as;plating ar Q'UQQ'nQéBJPE%@%§| vias 54, The,conductive
material can be co$ per Cu% aluminum (Al), tungsten (W), or allogs thereof,

or nfIXitites of%thel torduttiveiatdnass. N@?ﬁ?ﬁaf’é&a&sel?&rﬁ §5nahd are
surroundedspy organiciaterfiab48. Metad vianbdcelectricallyféonnécetsito a

contact Q@%é@t@%%‘@y ofi race 52, kaces52 taah@el?lroé/i@%% for, ﬁ@c@mact
pad and metal via pairing as shown. FIG. 7bis a cross- -sectional view of

waféf 8 ke 8IShg iR 715 787 Showikg Wiétal-Hifdd ¥id Ba°8&ctically
conmetting 46 contaot padB8 twougtetrager3¥.sTHé bottdrneoinmetalyvia 54

CO"H%QE%!@”EQKﬂQQt%Q%%gh and placed onto a wafer support
system. In any case, the die are positioned farther
apart following the steps of FIGs. 3a-3b to create wider
saw street guides. In one embodiment, the die separation
increases from 50 micrometers (um) to 200 pm. The
expanded dimension depends on the design embodiment, i.e.

half via, full via, single row via, or double/multiple
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In FIG. 8a, semiconductor wafer 30 is shown with its plurality of die 32,
separated by saw street guides 36 with metal-filled vias 54. Dicing tape 40 is
removed. Wafer 30 is inverted such that contact pads 38 and traces 52 are
facing down, as shown in FIG. 8b which is a cross-sectional view of wafer 30
taken along line 8b-8b. Wafer support structure 56 is attached to the bottom
side of wafer 30. Wafer support structure 56 can be made from glass, silicon
substrate] ‘6t -other material suitable for structurally supporting the wafer. A
backside RRLFAS is lermedmorttieibacksideaotwafer 39. RI3L:58:can be
made with nickel (), pickel vanadium, (Niv), Gy, or,cu.alloy RDI, 58
operates as an intermediate conductive layer toroute e ectncaf&gnals to
varigys &réas of therdie! ifcltairiy aefivé and passrelEiruits, &ndprovitles
variowys sleetricad tntescorneekaptons chuing packagedatagrations such as
shoyp .G 1348, Repassvation laver SQislpimed.bepypendhe
individual nodes of backside RDL 58 for electrical isolation. The repassivation
layet Cantbe madé with Siifcort Rittitle?(SiRY S SitigdATdioXide 3E02) silicon
oxynitrfde (SION) a2 pelyimidegbenzecyclobuiene {BCE), pelybenzoxazole
(PBO)). gr;otheydnsulating material., ., I FIG. 98, semiconductor wafer 30 s
shown with its plurality of die 32, separated by saw Street guides 36 with its
plurdfity'sf &Féegﬁkha%é “Ihtdépads 3 onnetted fo Mstal Vias Bahy e
traces 52.aNater support structure 56 is removed. Wafer 30 is again inverted

such that contagtpads 38 and.trages 52 are facingoup..as shown, in FIG. 9b

which is a cross-sectional view of wafer 30 taken along line 9b-9b. Dicing
tape-62 i8 ditached td’ thé! bottom side Tt ettticondifttor Weter 38 oS
structu ralis_lllpﬁomtimfrmec_wafﬁetcdmeiﬂgrthelse@ond prfinalisingu la@iomt_o:ut
separgte die 32.,Mefal. wias a4 age cul thraugh cepter areg 68 by, cutting tool

70 as shown'in FIG. 9b. In one embodiment, cutting tool 70 can be a saw or

laser“TheEUtBents Gownthréugh ROLBE 13 dicing tape’6216Ediiptetely
severimetal viassh4 into e eguiad halbscitcke viasatdaAqick and:place-t

operafion kgmoves die32 asindivdual upits from diging fape 2,1, In FIG.
10a, semiconductor die 32 is shown with contact pads 38 connected to metal
vias 64 By PAcES 52, FIG.TOh Ts ATH0ss Setiohal vieWordie52 fakeh along
line 10b:20b, 8hpwingeratetahyispontsaw streettconfigutatiept asqsroduced
by the manufacturing steps of FIGs. 1-9. Solder bumps or balls 72 are formed
on RDL 58. In FIG. 11a, semiconductor die 32 is shown with contact pads

38 connecté 16 ettt vidd 8oBy Hacks 52 °RTG. 118" isH cFedssettional
view ek die 32otgken mongtive, 1 5b<kih, vshkowimignigtatviasi80@along saw

stregt- 36, Themetal full-iscleviasareproduced by the stepsgdescrihed in
FIGs. 1-9, with the exception that two via holes like 50 are formed

. P
side“By-5id8In TrgaRic fiaterial 48° THe site2By-<ids Vi Hyl&s 50 afée
separatedthyergamicimatedaln48c€onductiverzadces 52 donmetecontact pads

38 angh via-Relesi sl The siderby:side via holes are filled withconductive

material to form metal vias 80. , , ,
organic material 48 surrounding via hole 50. The width
of trench 42 is dependent on the width of saw street
width, but typically smaller than the saw street width.
The diameter of wvia hole 50 is typically about 10 um to
100 pm, depending on the required via depth.

In FIG. 6a, semiconductor wafer 30 is shown with

10



In FIG. 12a, 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 to separate die 32, as shown in FIG. 12b which is a
cross-sectional view taken along line 12b-12b. The second or final singulation
to separate the plurality of die 32 is cut through organic material 48 along line
82 betivaeh i side-py-side \ids So-iithra TUthig 1681 ke 7O° The des
singaiatian betweendhesvias .80 xesults in the sretad vias ©n sawistreet
configration, .., IEIC.d3a, semiconductor die 32 iz shown with coptact
pads 38 connected to metal vias 888by traces 52. FIG. 13b'is a
crossdéctidnal Viedrsf die 32, fakaF aléng finBeE3p- 131, SHowitg a metal via
on sawe street configurationc dheametaktisl-ciscleoviasanecproduaed by ithe
stepg,qeseribed n £IGS: 4:9.and 11:15. The, sigeby-side via holes Jike 50 are
separated by organic material 48. Conductive traces like 52 connect the
contact paitis’ and iaotes ItHe SideSoy-3ide Vi Ablés aré fifled Witk L ©
conguative gnaterial 46 -formanetaknias®0.eEhe dinat singulaionitosseparate
the plurality, of die 32 is cut through: organic material 48 hetween the |

side-by-side metal vias 80 resulting in the metal vias on saw street
configdrationt "GO ffustratesdirectdietto-dis stiaiing uking dirdtd via
metabb@ndir@d&pi@ﬁality of die 32 lfssstackedsass s_&aqvmrbtm Suitia pasticular
application Jsach of the metal halfvias, 64.can be joined together as shown
by union 90 using a direct via metal bonding process or solder paste.
Altefi73tefy Seiiconthictor ai€ 32°with mitalfulisvial 80 can be joined
together bywrdan 9_07asingeaidjt_emmdadnetaiﬂwndiﬁlgimroﬂmloms@lder _
paste. Tha top semicgnductordie is_shown stacked.in the inverted;position to
make use of backside RDL 58 for interconnect to other devices and
packdgds thot'shawn) RIS 58'&%se|jaratbd Ehd efectically isoiated by
repassivatior dayer-60vThensotomnsemicontuetotadie 32 has soldee bumps
72 farpgdon RDL 98, separated by sepassiyationulayers S foy eleckical
isolation. The backside RDL 58 provides intermediate interconnect from
solder'biltfips 72 16 e HetiveSurfacs OFtheé bottdm semitshituctor tie 32.
Thetintereoanection betwdern RDLs4n¢hé diexdordietstaeking cantee used
Withﬁn}&’ﬂb@%é%%&%% _7%4eta1|%5%5-53452{':855?8W§gﬁaqgu_§nd
packaging applications using, in part, an interconnect technique with the
THVE foriéd OrPSan Srebisiiithbatkside RDLS: FIES 1% nds Semiconductor
die $06 comnecting throughtsolder bumpst1Q2to backsiderRDIE 58-endie 32.
Backside RDI.28 elecrically.connegt to,active circyits.on dig 32, as well as
providing interconnect to die 100. Die 32 is supported by substrate 104.
Cont&&tdads 38Pand 01 mietal i3 64 of 80 elettrially chRnEct &5 sofdér
bumps=¥06 thredgh cohductivenlayeriD8. iflve packagesharei sealed by -epoxy
encapsulant 110.54 J11G.16 shows semicondugtardie 12Q electrically

conn%cted to contact §ad 38han% metal vias 64 or 80 ,thr%ligh bond gvires 122
and condittive Y er 124. BASKSIE RO 58 SIERH AN conrects o ative
circuits bnadieid® andesoltler bumps 126, which in turn electrically connect to

solder bumps 428, thrgughcanductive layerk30Q. Bie 32 isrsupparied by
substrate 132. The packa%es are sealed bty epoxy encapsulant 134. An

undérfiil Matéhial 136 Cari be used ToF&laseligs 5" strest guides
36 with metal-filled vias 54. Dicing tape 40 is removed.

Wafer 30 is inverted such that contact pads 38 and traces

11



FIG. 17 shows semiconductor die 140 electrically connected through bond
wires 142 to backside RDL 58 of semiconductor die 32. Backside RDL 58
electrically connect to active circuits on die 32, as well as providing
interconnect to die 140. Passive devices 144 also connect to backside RDL
58 with solder paste 146. Metal vias 64 electrically connect to solder bumps
145 through conductive layer 147. Die 32 is supported by substrate 148. The
packagés aréxedled by 8pory encapsutant 149. 80 HIE g §hawsross-
semiconduetor die kb electrieally conmested tormetalndasi®dsar. 80wy way of
bond wires 152. Solder bumps 154 electrically connect the backglde Jif RDL

58 to concfuctl rI%l(i/er 156, which connect semlconductor “die 160 with solder

bumpst 2621 wd’f%ﬁﬁoﬁﬁﬁﬁﬁ% 164, 9580d Wirds 168, and ésfdhedve layer
168gDie 32 isisupporteddyt substrate: 17on dihenpackagesarerencased by

epo@é?&‘&ﬁﬁ&%‘ﬁ'}t %ZEpAPt‘iﬁ%e@(ﬂ'em%%“@ 174 can.pe;useq for syess

relief. In summary, stackable semiconductor die has been described with
THVLTedIn thE S2F stredts OThEaeihicthducdiB dié usera redigtiBution
layet,i separated by airepassivation tayer; ta increase signabrouting options

and gensity. the RDL, inaddition to the, THY. provides mare signal routing

functionality and flexibility within the package While one of more
embodifferits Gfthepresetiinvention YaveP Beéertftastrated fif détat, the
skilled @rtisanavilcappreciate thatmodificationscand-adaptations«te those

emhodiments may.he made without, departing from ”&%é?ﬁ’&epgf present
invention as set forth in the following claims Claims What is claime
integration, such as shown in FIGs. 15-18. Repa551vatlon

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

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

or laser. The cut extends down through RDL 58 to dicing

12



1. A semiconductor wafer, comprising: a plurality of semiconductor die
each with a plurality of contact pads disposed on a first surface of the
semiconductor; a trench formed between the semiconductor die; an organic
material deposited in the trench; a plurality of conductive vias formed
through the organic material, wherein a width of the conductive vias is less
than a width of the organic material in the trench; a plurality of conductive
tracé$¥6rrhéd-evertR fifst SurfEces elgdfieally tonnettig A firsCpsaisH of
the eanductive vias ta the contactpads awheseura secand portienrof the
con%ucti\é% vias is glle%g%%qy isolated.from the condcu%ié/e&gces; a

pluraljl't?/ of redistribution layer (II]?DL) nodes formed over a second surface of

the semicoritldctdr did dpptEitertiefirst Surface, thelRDIMABHE ‘Sitending

acrossnthe-secand staface, ot the semicoatuctaridie wiroytetelectricalsignals

to agegs opdhe;second surface inclyding.a gentral regionof e ., 4105y

semiconductor die for vertical electrical interconnect, wherein a first portion of

the RBIS nbdfeslig eledttitaiRtconReétet i thetoRdlictiveSAids and a second
portioshof the KRDbmodes isrelectricalby isolated: from the conguctivesvias; and

a plyrality of repassiyation '}é})ﬁ‘#ﬁ% fatmed,an the secongd syriace ofthe
semé%qnductor die for electrical isolation between the RDL nodes.

In FIG. l1lla, semiconductor die 32 is shown with
contact pads 38 connected to metal vias 80 by traces 52.
FIG. 11b is a cross—-sectional view of die 32, taken along
line 11b-11b, showing metal vias 80 along saw street 36.
The metal full-circle vias are produced by the steps
described in FIGs. 1-9, with the exception that two via
holes like 50 are formed side-by-side in organic material
48. The side-by-side via holes 50 are separated by
organic material 48. Conductive traces 52 connect
contact pads 38 and via holes 50. The side-by-side via
holes are filled with conductive material to form metal
vias 80.

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

the metal vias on saw street configuration.

13



2. The semiconductor wafer of claim 1, wherein a width of the trench is
increased by creating additional space between the semiconductor die. 3.
The semiconductor wafer of claim 1, wherein the semiconductor wafer is
singulated through the conductive vies to separate the semiconductor die. 4.
The semiconductor wafer of claim 1, further including a plurality of
side-by-side conductive vies formed within the organic material. 5. The
semicondugtof Wafet dF cl&fT4S Wikreh? thé semicohdutterivateris
singetated-heween the sidedn-side- condustive Mes 0 separate-the 52.
semigondyctor die. 6, The semigggdugtor. Waf%rfog(lzléai%}, further iQ%I)uding

a plurality of stacked semiconductor die glle%vtqrically connected throug the

RDL hAb8es3ind tondeictivended. M tPHe SeticontRittGr-waiér of claim 1,
wheteinftheurepassivationdayer kicludes siicor nittides sHico nodiexidedsilicon

oxynitride, palyimide, henzecycloputene, or pglybenzoxazoles. 8. A ; . -
semiconductor wafer, comprising:
by-side via holes like 50 are separated by organic

material 48. Conductive traces like 52 connect the
contact pads and via holes. The side-by-side via holes
are filled with conductive material to form metal vias
80. The final singulation to separate the plurality of
die 32 is cut through organic material 48 between the
side-by-side metal vias 80 resulting in the metal wvias on
saw street configuration.

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

in the die-to-die stacking can be used with or without
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a plurality of semiconductor die each with a plurality of contact pads disposed
on a first surface of the semiconductor; an organic material formed around
the semiconductor die; a plurality of conductive vies formed through the
organic material; a plurality of conductive traces formed over the first
surface electrically connecting a first portion of the conductive vies to the
contact pads, wherein a second portion of the conductive vies is electrically
isolatet st eonductive traces; a plurality of redistribution layer
(RDL) nodes formed ogen a second surfacesoithecsemicondyctordieons
oppasite the first surface, the RDL node ngeC@lqlngu%crvgs%hteh%e%pv%

s1ng, parc, h 1nterconnec
surface oc‘% the semlconcfuctor die to route electrical S|gna]Is to areas on the

secérdBeffate ifudingta centidl tefisit of fve Sehdicontitietor die for vertical
electidedldaterconnecli whereincaditsstparion bf theRBLiredesisplectueally

connected to the copdugtive vigs anda second portion of the RDL nodes is
electrically isolated from the conductive vies; and
electrically connect to active circuits on die 32, as

well as providing interconnect to die 100. Die 32 is
supported by substrate 104. Contact pads 38 and/or metal
vias 64 or 80 electrically connect to solder bumps 106
through conductive layer 108. The packages are sealed by
epoxy encapsulant 110.

FIG. 16 shows semiconductor die 120 electrically
connected to contact pad 38 and metal vias 64 or 80
through bond wires 122 and conductive layer 124.
Backside RDL 58 electrically connects to active circuits
on die 32 and solder bumps 126, which in turn
electrically connect to solder bumps 128 through
conductive layer 130. Die 32 is supported by substrate
132. The packages are sealed by epoxy encapsulant 134.
An underfill material 136 can be used for stress relief.

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

FIG. 18 shows semiconductor die 150 electrically

connected to metal vias 64 or 80 by way of bond wires
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a plurality of repassivation layers formed on the second surface of the
semiconductor die for electrical isolation between the RDL nodes. 9. The
semiconductor wafer of claim 8, wherein the semiconductor wafer is
singulated through the conductive vies to separate the semiconductor die.
10. The semiconductor wafer of claim 8, further including a plurality of
side-by-side conductive vies formed within the organic material. 11. The

semicenductetdfarer Bfdaim 4. G \eRéreiftheYsemicsiidudtor warer 53 de
singulateotbetveen tbeside-byeside,eonductivevies te separate the

semicondugtor dis, 12 The semicenductor.wafer.of ¢laim,8, furtherzincluding
a plurality of stacked semiconductor die electrlcgﬁy connec%ed ?hrough the
RDI°ABEES &TE cohtiuchiveViBST 3. Phe serflicoritictsr Waférof Elaift g,

wherein the repassivatieadayer nctudes siicornitridee sficonadioxide esilicon
oxynitride, o '}X{}“&%%J%e nzocyclobutene,or polybenzoxazoles. 14, 4.,
semiconductor wafer, comprising:

174 can be used for stress relief.

In summary, stackable semiconductor die has been
described with THVs formed in the saw streets. The
semiconductor die use a redistribution layer, separated
by a repassivation layer, to increase signal routing
options and density. The RDL, in addition to the THV,
provides more signal routing functionality and
flexibility within the package.

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

forth in the following claims
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a plurality of semiconductor die each with a plurality of contact pads disposed
on a first surface of the semiconductor; an organic material formed around
the semiconductor die; a plurality of conductive vies formed through the
organic material; a plurality of conductive traces formed over the first
surface electrically connecting the conductive vies to the contact pads; a
plurality of redistribution layer (RDL) nodes formed over a second surface of
the semiconductor die opposite the firsts¥H2%e, the RDL nodes extending
acragssthei secondmsetface of the semiconductor die to route electrical signals

to argas on the, second suriace including 8 ¢enfral region of the

semiconductor die for vertical electrical interconnect, wherein a first portion of

the RDL nBdBS45%IeCicAlly Bbhrigeted tothe CoRdtictive Viad &id'esétdnd
portion ofthe RDbardedessseledtrically isolated fromcthec€ondelctive vies; and
a plutality ofsepassivation layers formed on the second surface of the
semiconductpr die for electrical isolation between the RDL nades.

an organic material deposited in the trench;

a plurality of conductive vias formed through the
organic material, wherein a width of the conductive vias is
less than a width of the organic material in the trench;

a plurality of conductive traces formed over the first
surface electrically connecting a first portion of the
conductive vias to the contact pads, wherein a second
portion of the conductive vias is electrically isolated
from the conductive traces;

a plurality of redistribution layer (RDL) nodes formed
over a second surface of the semiconductor die opposite the
first surface, the RDL nodes extending across the second
surface of the semiconductor die to route electrical
signals to areas on the second surface including a central
region of the semiconductor die for vertical electrical
interconnect, wherein a first portion of the RDL nodes is
electrically connected to the conductive vias and a second
portion of the RDL nodes is electrically isolated from the
conductive vias; and

a plurality of repassivation layers formed on the
second surface of the semiconductor die for electrical

isolation between the RDL nodes.
2. The semiconductor wafer of claim 1, wherein a width of

the trench is increased by creating additional space

between the semiconductor die.
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15. The semiconductor wafer of claim 14, wherein the semiconductor wafer is
singulated through the conductive vies to separate the semiconductor die.

16. The semiconductor wafer of claim 14, further including a plurality of
side-by-side conductive vies formed within the organic material. 17. The
semiconductor wafer of claim 16, wherein the semiconductor wafer is
singulated between the side-by-side conductive vies to separate the

semiconducier #ig I8 rRECeMicsidaétctwater of ElEiRT 12, Fifther
includingcaplurality ofsstacked semjcoadectondie glectricallyrconnected

throygh-the RRL nodes and copdugtivevies. $42. The semiconductor wafer of
claim 14, wherein the repassivation layer includes silicon nitride, silicon

dioxide, silicon oxynitride, polyimide, benzocyclobutene, or
polybenzoXazokssi 2on N sepricaridictof wafercomprsinesT 1ng pldidlity of
semicenduestar-gdieceachawithva plurality of contact pads dispesed omafirst

surfage of the semicenductor;

5. The semiconductor wafer of claim 4, wherein the
semiconductor wafer is singulated between the side-by-side

conductive vias to separate the semiconductor die.

6. The semiconductor wafer of claim 1, further including
a plurality of stacked semiconductor die electrically

connected through the RDL nodes and conductive vias.

7. The semiconductor wafer of claim 1, wherein the
repassivation layer includes silicon nitride, silicon
dioxide, silicon oxynitride, polyimide, benzocyclobutene,

or polybenzoxazoles.

8. A semiconductor wafer, comprising:

a plurality of semiconductor die each with a plurality
of contact pads disposed on a first surface of the
semiconductor;

an organic material formed around the semiconductor
die;

a plurality of conductive vias formed through the
organic material;

a plurality of conductive traces formed over the first
surface electrically connecting a first portion of the
conductive vias to the contact pads, wherein a second
portion of the conductive vias is electrically isolated

from the conductive traces;
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an organic material formed around the semiconductor die; a plurality of
conductive vies formed through the organic material; a plurality of
conductive traces formed over the first surface electrically connecting the
conductive vies to the contact pads; a plurality of redistribution layer
(RDL) nodes formed over a second surface of the semiconductor die
opposite the first surface, the RDL nodes extending across the second

surface of the S8micond@étordiestorrotnte fectAear sigils tosieast Brthe
second:suiface ofdthewsemicorducter dierinchuding arcentsabregioncef the

sen@qg@ggg@rﬁigetort\;gtm elegtrical intereonnect; and the{is%'yéﬁﬁty of _
repassivation layers formed on the second surface of the semlcgnductor die

urface .of7ythe semicondpyct ie to route electrica
for elactrical isolation betweah tie BDI Hodes!
signals to areas on the second surface including a central

region of the semiconductor die for vertical electrical
interconnect, wherein a first portion of the RDL nodes is
electrically connected to the conductive vias and a second
portion of the RDL nodes is electrically isolated from the
conductive vias; and

a plurality of repassivation layers formed on the
second surface of the semiconductor die for electrical

isolation between the RDL nodes.

9. The semiconductor wafer of claim 8, wherein the
semiconductor wafer is singulated through the conductive

vias to separate the semiconductor die.

10. The semiconductor wafer of claim 8, further including
a plurality of side-by-side conductive vias formed within

the organic material.

11. The semiconductor wafer of claim 10, wherein the
semiconductor wafer is singulated between the side-by-side

conductive vias to separate the semiconductor die.

12. The semiconductor wafer of claim 8, further including
a plurality of stacked semiconductor die electrically

connected through the RDL nodes and conductive vias.

13. The semiconductor wafer of claim 8, wherein the
repassivation layer includes silicon nitride, silicon
dioxide, silicon oxynitride, polyimide, benzocyclobutene,

or polybenzoxazoles.
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21. The semiconductor wafer of claim 20, wherein the semiconductor wafer is
singulated through the conductive vies to separate the semiconductor die.

22. The semiconductor wafer of claim 20, further including a plurality of
side-by-side conductive vias formed within the organic material. 23. The
semiconductor wafer of claim 22, wherein the semiconductor wafer is
singulated between the side-by-side conductive vies to separate the
semtConddctdreie PR FRE SErhfcondaeforwarsr of claim 20, further
including aapiuratity 0f stackedrsemiconduetoridiecelectrically connectedty

throygh the: QQLM%%QQWHH“XGM?& 23, Fhe-semicgnductor wafer of
claim 20, whereln the repassivation layer includes silicon nitride, silicon

dioxide, s‘?con oxyr'ntrlde polyimide, benzocyclobutene, or
pOWbGﬂZOﬁQZ@Rﬁ?nlC material formed around the semiconductor

die;

a plurality of conductive vias formed through the
organic material;

a plurality of conductive traces formed over the first
surface electrically connecting the conductive vias to the
contact pads;

a plurality of redistribution layer (RDL) nodes formed
over a second surface of the semiconductor die opposite the
first surface, the RDL nodes extending across the second
surface of the semiconductor die to route electrical
signals to areas on the second surface including a central
region of the semiconductor die for vertical electrical
interconnect, wherein a first portion of the RDL nodes is
electrically connected to the conductive vias and a second
portion of the RDL nodes is electrically isolated from the
conductive vias; and

a plurality of repassivation layers formed on the
second surface of the semiconductor die for electrical

isolation between the RDL nodes.

15. The semiconductor wafer of claim 14, wherein the
semiconductor wafer is singulated through the conductive

vias to separate the semiconductor die.
16. The semiconductor wafer of claim 14, further including

a plurality of side-by-side conductive vias formed within

the organic material.
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17. The semiconductor wafer of claim 16, wherein the
semiconductor wafer is singulated between the side-by-side

conductive vias to separate the semiconductor die.

18. The semiconductor wafer of claim 14, further including
a plurality of stacked semiconductor die electrically

connected through the RDL nodes and conductive vias.

19. The semiconductor wafer of claim 14, wherein the
repassivation layer includes silicon nitride, silicon
dioxide, silicon oxynitride, polyimide, benzocyclobutene,

or polybenzoxazoles.

20. A semiconductor wafer, comprising:

a plurality of semiconductor die each with a plurality
of contact pads disposed on a first surface of the
semiconductor;

an organic material formed around the semiconductor
die;

a plurality of conductive vias formed through the
organic material;

a plurality of conductive traces formed over the first
surface electrically connecting the conductive vias to the
contact pads;

a plurality of redistribution layer (RDL) nodes formed
over a second surface of the semiconductor die opposite the
first surface, the RDL nodes extending across the second
surface of the semiconductor die to route electrical
signals to areas on the second surface of the semiconductor
die including a central region of the semiconductor die for
vertical electrical interconnect; and

a plurality of repassivation layers formed on the
second surface of the semiconductor die for electrical

isolation between the RDL nodes.
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21. The semiconductor wafer of claim 20, wherein the
semiconductor wafer is singulated through the conductive

vias to separate the semiconductor die.

22. The semiconductor wafer of claim 20, further including
a plurality of side-by-side conductive vias formed within

the organic material.

23. The semiconductor wafer of claim 22, wherein the
semiconductor wafer is singulated between the side-by-side

conductive vias to separate the semiconductor die.

24. The semiconductor wafer of claim 20, further including
a plurality of stacked semiconductor die electrically

connected through the RDL nodes and conductive vias.

25. The semiconductor wafer of claim 20, wherein the
repassivation layer includes silicon nitride, silicon
dioxide, silicon oxynitride, polyimide, benzocyclobutene,

or polybenzoxazoles.
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