METHOD OF FABRICATING 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 die. Background of the Invention Semiconductor devices are found in many
products used in modern society. Semiconductors find applications in consumer items such as
entertainmentMeHOIU IFAHARR TTRIWONKS SEMDpUIAIOCcand hotiseholdiitemsovankeisLin thenindustrial or
commercial marloN, samiGTREETSI AN THROUCHRHDAE , wriatnn, sctavetikRERdBtmaEontrollers, 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
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 die.
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. Semiconductor manufacturers are

increasingly adopting.packagingdechnigues whichinyolve three-dimepsional (3D) interconnects between

the semiconductor devices. The 3D interconnects provide advantages such as size reduction, reduced
interconnect EAGA AR fitegratfon 6 devices it different fulictibhadif)/ ifto YATGFeraft 30 Package. One
way of implementing 3D inrteteornects myalves the use af dbroughtholendas{FHM)e Tihds are typically
located around the perimeter of the die %El)gg_ign%awas%efeé uides. Most, if not all, semiconductor
packages usé the THVs to route signals between aaﬁacent e.ﬁov%ever, THVs on saw streets alone limit
signal routingropticns ahdiredacesigrialvoating denisity. Préserithdayt highvdensity paekagifg require high
density and flexible intereennect:capability rwhich is difficuititoachieve throuah.the THVs on saw streets.
A need exists to increase signal routing options and density in a semiconductor wafer having THVs.
Summary of HEIVRRTIGAT L 1 59nBnme*8mbodiment, the present invention is a method of forming a
semiconductor device consprising:forming-arsemitenductor safee havingactiveyareas separated from
each other by, saw, street guides  forming contact pagson, aifirst sydace of the, semicondugtor wafer within
the active areas, and forming atrench in the saw street guides. The method further comprises filling the
trench with orgdhic MaefiafToffnY Mt vREinthe GRfRhTORTAtERAF aftiMbrfing sée6ndNias through
the contact pads on-thenactive area,obithesdiea Theguethed furtherscomaprisgs ferming conductive traces

between the cogtact gads and first vias, de osliqtingacgnductive material in the first vias ,ar%d second vias to
. ne Fce . Interconnegt l%ﬁ)% n 1ntegfaﬁlon 8f.dev1ges wit R
form first conductive vias and second conductivé vias, respéctively,” and singulating thé semiconductor

wafer along the Sawwr street guidesctoedaparater tiie aotiver areds of thecsemiconductoeweader into die.
In another embodiment,the present invgntion isa method.of fabucating asemicondugtorpackage

comprising forming a semiconductor wafer including die, contact pads disposed on first surfaces of the
die, first condtittive \ias disposked odtite & perinieter of thie the S&coritr Condudtive vias disposed in the
die, and condugtivedtaceselectricallyecennediing:thesfirst eanductivamviasso thegontactrpads. The

method further %orgﬂi,seg efpﬂ&ngi(g\ redé%tributiogga%%rsu RDIE?eé)rr]}ﬁ]ggogg srurfatces aof theldie opposite the

first s.urfaces.,n %rmlng repasswatlorlf ?ayel}s%%cfwe%n the RD e second surface of the die, and
singulating thessetpicorilictorewafetite sepgbratythe ditl Theometiod flrfiseitcomprises stacking the die,

and electrically jpterconnectingdhe stacked dig,usingthedirstand second.candyctive vias. In yet
another embodiment, the present invention is a method of fabricating a semiconductor package

comprising pfoviding¥a first i€ AAVING €oRtet pads Snd fikst conduttve Vs formediong a perimeter of
the die. The firsheonguetive Yias-arelelectrically comnectech tathe cogtactpads bysconductive traces, and

the first die further,ingludes second.conduyctive vias formed thrqual.an acfive area of the die. The method
further comprises providing a second die disposed adjacent to the first die, and electrically
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 device comprising forming a
semiconductor wafer having active areas separated from each
other by saw street guides, forming contact pads on a first
surface of the semiconductor wafer within the active areas,

and forming a trench in the saw street guides. The method



connecting the first and second die using bond wires and the first conductive vias. In still another
embodiment, the present invention is a method of fabricating a semiconductor device comprising
providing a semiconductor wafer including die and contact pads disposed on a first surface of an active
area of each die. The semiconductor wafer includes a saw street guide between each die. The method

further includeg forping.a Henchdn the sawy stregl gpids, filling; the trepch with,ap organic material, and

forming first conductive vias that are surrounded by the organic material. The method further comprises
forming secoh@bieRictive Viad irfthe dctiv ard ol tie B ShtPdonidtding e dshtagtpads and the first
conductive viasaising conguctive trasesaBtieb Besceiptionof 4dbe Drawings of theFHG@s..la-Ib illustrate
top and side ﬁiﬁé’vsm%ft% Osgn}icgg uctor wafer hagingoz%l rEJIuraIitCy %dietslevpear@ted bg saw street guides;

i

FIGs. 2a-2b illustrate top and side views of the semiconductor warer with trenches formed in the saw

street guidesthe contpigs r3alShrilldstiatestopvand sidteviews ohexpanding thesaw street guides;
FIGs. 4a-4b illusteatestopiand siderviews ofithe expanded, saw:streets filled with prganic material;
conductive vias and second conductive vias, respectively, and
singulating the semiconductor wafer along the saw street
guides to separate the active areas of the semiconductor wafer
into die.

In another embodiment, the present invention is a
method of fabricating a semiconductor package comprising
forming a semiconductor wafer including die, contact pads
disposed on first surfaces of the die, first conductive vias
disposed outside a perimeter of the die, second conductive
vias disposed in the die, and conductive traces electrically
connecting the first conductive vias to the contact pads. The
method further comprises forming redistribution layers (RDLs)
on second surfaces of the die opposite the first surfaces,
forming repassivation layers between the RDLs on the second
surface of the die, and singulating the semiconductor wafer to
separate the die. The method further comprises stacking the
die, and electrically interconnecting the stacked die using
the first and second conductive vias.

In yet another embodiment, the present invention is
a method of fabricating a semiconductor package comprising
providing a first die having contact pads and first conductive
vias formed along a perimeter of the die. The first
conductive vias are electrically connected to the contact pads
by conductive traces, and the first die further includes
second conductive vias formed through an active area of the
die. The method further comprises providing a second die

disposed adjacent to the first die, and electrically



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 semicondugtor die. wj m@r‘i%' vias formed alang the saw sfeels and mefal was fggneddn the active

area of the die; Gs. 9a-9b illustrate top and side views of a semiconductor die with
redlstrlbutlonﬁéﬁﬁé ﬁ?l%%‘dc&;‘r‘éeoé’d(%?de of the die; FIGs. 10a-10b illustrate top and side views
of two side-by-side metal viasfotmed-alongdhe sawostigets;, the present invention

is a method of fabricating a semiconductor device comprising
providing a semiconductor wafer including die and contact pads
disposed on a first surface of an active area of each die.

The semiconductor wafer includes a saw street guide between
each die. The method further includes forming a trench in the
saw street guide, filling the trench with an organic material,
and forming first conductive vias that are surrounded by the
organic material. The method further comprises forming second
conductive vias in the active area of the die, and connecting
the contact pads and the first conductive wvias using

conductive traces.
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 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



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 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 usingvia honding, with solder paste; st cet £1G, 13 ilystrateshe semicopductor die with metal
vias connected to a second die with wire bonds; FIG. 16 illustrates the semiconductor die with

metal vias connected to a'sEednd®die iitH boRaWirés ahtFsatder Blffpsyiews °fFiG. 17 illustrates
another embedimentrefinteseoanecting diendsing metal vias nasaw streetsand ametad vias:in the active

area of the die; and ViaFSI(_BfolrSmlllgsErgtgc%%n%ther embodlmeor}t Qg‘ﬂgtecgcl:gr,]nectlng die using metal

vias on saw satreetg%tn%lmetal vias in the active aréa %ﬂ’ﬁe 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. 1lla-11b illustrate top and side views of
cutting the organic material between the two side-by-side
metal vias to separate the die;

FIGs. 12a-12b illustrate top and side views of a
semiconductor die with full-circle vias along the saw streets
and vias formed in the active area of the die;

FIG. 13 illustrates die-to-die stacking using direct
metal-to-metal via bonding;

FIG. 14 illustrates die-to-die stacking using via
bonding with solder paste;

FIG. 15 illustrates the semiconductor die 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 1in 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, ang gauivilants.as Mg pedneeded vishinfhgspirit and scope of the invention
as defined by the appended claims and their equivalents as supported by the following disclosure and

drawings. The manufacture of semiconductor devices involves formation of a wafer having a
plurality of die. Each die cOhtaiRs htndreds b thofsands 6Fansigits dhd*thet activesand passive
devices perfornibng onenarsmuore ebectfical iunctionsekor agiven wafer, eachedierfremtthetwafer typically

performs the sa u%_SL‘%Ct@%a'JHE‘SHOﬂ-i'ireorljiif%&dfQ‘Pé“&ﬁ%%%’é@@&e%‘%{é‘"¥ 1gfers fo formation of the

semiconductor devices on the wafer. The finished wafer has an active side containing the transistors and
other active hdEpassive cdpoiferitss BaeKsard Afantfabrfirerefersitoy GRtiRg otisitgating the finished

wafer into theingliviguakdieand then paskaging thedie ferstrycturgbsuppert andlor.anvirgpemental
isolation. A semicogdgctor wafer gene aI(I%/ inclu%es an active front side surfac rga\ving
1lée cd to

semiconductSFa&vices disposed theigon. and & backside stifface formed with bulk Semiconductor

material, e.g.¢silieonaTheractivevfeont side strfaceicorntairsa pluralityadbsemiconductobdie. The active
surface is formed by avariety of semicopdyctor prgcesses. ingluding layering; pattetning, doping, and

heat treatment. In the layering process, semiconductor materials are grown or deposited on the substrate
by technique& fivdliingthelial Xiationd nitfidation 2ekerhitat Vapar déposition, @Vaporation, and
sputtering. Pattefiniag davalyes the ase nfphodolithegraphyto maskareasrafdhe surface and etch away
undesired material to fOf%%Fe)e%Q% Structures. 'OI'Pe de?ﬁi@% r%%?%sr irH%g]tscczeosncltantroaf@erlg of dopant
material by thermal diffusion or ion |mp?antat|on. The active surface is sulbstantlerfﬁ]y planar and uniform
with electricaf interconpiects; suctrdsbohdpads. 2 plurality of die. Each die

contains hundreds or thousands of transistors and other active
and passive devices performing one or more electrical
functions. For a given wafer, each die from the wafer
typically performs the same electrical function. Front-end
manufacturing generally refers to 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.

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



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
circuit board (PCB). The active area contains active and passive devices, conductive layers, and dielectric

layers according o {he glegirical.design of the dig. The glecirical and mechanicaldnigreonnect is achieved

through a solder bump structure comprising a large number of individual conductive solder bumps or
balls. The softféet BRIMPS aré forméd bhthe BURP Patls WARIE afHRPpOSEa N the active area. The bump
pads connecttastheractivengireuits by eonduction trackstarntraees inthelaetye-areas Ihesolder bumps are
electrically anfdr e ically connected to.the contact dns}:]on the carrier substrate by a solder reflow
process. The't |§]% %agq]eﬁn?(%lﬁ%ﬁlc%? pg%ﬁggg rp?g\ﬁdggozt S eorst%ﬁgc?tﬁ%aﬁggnﬁﬁc&?bna%% from the active
devices on thendiestorcoshductionitrackscoi e capderisulsstraten tordesto rdducelsighab propagation,

lower capacitange.and achieve overallbetter Gircuit perfagpancemater i the Rresenkdiscussion, a
WLP is provided having through-hole vias (THV) formed alongasaw streets. The backside of the wafer has

redistribution 1y & (ROLPfor - HterdBatzet AiExibiity sEparaed By répadsivatior’ layers. WLP with THV
formed alongssaws streets atg deseribed amd). Sn Patent Applicaticn-SetiabNo. 11/744,657, entitled

"Through-HoIlen\{;@rgg%yg@greegﬁ'é@rgdsf%g]% in LS. 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. TurningftbPIGhaPasemieohduetor waer'sudis shvvth Rabitig a phigrality of die 32. The
die are separatag bydates die yvvafge arear3s; camunenhrkdiown as<saw steet guides: ddhe saw street
guides are routed around the \{va er suﬁ‘u thaé}tgle e is a saw Etre%t n ever side %f each glie on the wafer,
i.e., around apérimeter of the 'did “Each did 35'11as aitrality 1 confatt pads 38 forfied on'silicon, i.e.,
formed in an pctive ared of die 32 ard notirvsawrstrest guides 860 Comtactopads 88 are made of

aluminum, copper, ar aluminym/coppgr alleys. Contact Q@%@Sﬁ@g&@c%g{rqq@}%t to active and passive

devices through conduction tracks or layers formed on die 32. The contact pads can be disposed
side-by-side & firstdistance from theSedge bf te die HLsHOWR in FIE fa.2Alterraté§ Sthe contact pads
can be offsetdnmuliiple eows sechibaba disstrowief,contact padsareidispased adjrstdistance from the
edge of the d(ije,ealnd second row of conta% Qrﬁdgoaltceggateiqg g\gth. thelfirdc,t row arefdi%ce)sed a second

distance from the Sﬁgélo? thé tie."A Solder bu p or wire bond willlafer be formed to connect to each

metal contactipad fol &kectrical antcmechadicat threrdéorirecttoor chiprearfiet substraryefprinted circuit

board (PCB).chrougHIG.- B isi&crossssectionat view etwafers30.takenalgag lingdb:bdr FIG. la,
showing die 32 separated by saw street guides 36. In one embodiment, die 32 may have dimensions

ranging from 2X2 mitfir@tersInY to IBx I8 1T THEBEW Strééts Provide Sutlifg Eréad t6%fhgulate the
wafer into individualdiedAdirstedie 3Risodispdsediia the deft of theteftrmosthsawestreat 36 A second die

32 is disposeg hetweer the sgw S%Eiec?és 36 axthird die 3¢ is disposed {0 the right of the rightmost saw
u

street 36. Once the wafer is singulated, each set of contact pads disposed on the respective die will
provide the eféttfAe4a @ nieddficallinferésmiectTor ffatfiglve area. The solder

bumps are electrically and mechanically connected to the
contact pads on the carrier substrate by a solder reflow
process. The flip chip semiconductor package provides a short
electrical conduction path from the active devices on the die
to conduction tracks on the carrier substrate in order to
reduce signal propagation, lower capacitance, and achieve
overall better circuit performance.

In the present discussion, a WLP is provided having
through-hole vias (THV) formed along saw streets. The

backside of the wafer has redistribution layers (RDL) for



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 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. Noig,that the, cutfing,tool campletely. seyers,through wafer,30 19 farm a well or trench

42. The bottom of trench 42 is defined by dicing tape 40. The formation of trench 42 arises from a first
singulation of Wafet'30! Whith'Gteates & tEHEnSwitith thafisIess tharT Akt f the Channel of saw street

guide 36. patdntFl&pBa; semicanduetos wafer 301ig showas withdts: plurality oftdie 32, separated by cut
saw street guides 36. Wafer 30 undergoes,a wafer expansion step tq Increase the width of saw street
guides 36. F%?%eb i%lg c(rjélss%gclt%gnra%e\ﬁgw’of%gfe%r%]6%,?aeléferll gl&'g%ling %ﬁeélbt showing the die being
pulled using & vvdferekpansiontable s shoWn/by diréttionararoas 46.aakamately, the die can be picked

and placed opt-guafer SURROtSYSIeM.- i 8DY£ase; the die are positionednfarther apagt-following the
steps of FIGs, 3a-3b to create wider saw street guides. In one embodiment, the die separation increases

from 50 micrdMeteREhS th 28694, Fhe EXFardES dimension depends on the design embodiment, i.e.
half via, full via, single rowrvian ongouble/mrultiple, rosv wianiconductnd- g Za; semicenductor wafer 30 is

shown with itéy%‘d{r?”f;ya%ﬂig %Zp%&aarﬂec@ bgf:u&f,gv\é§t{eegggiq§§636ar%rggé‘%%pﬁtg&iag 8 is deposited

in trench 42 by spin-coating or needle dispensing. Organic material 48 can be benzocyclobutene (BCB),
polyimide (PI}"6reacryli€ réSiASFIGT 2B iS ar croI8lssetibnalie sfwater 30 rakencléA§ dine 4b-4b,
showing organie materiat 48 depgsiteddn drench42 <Qraanicinaterial @8-fills tseneh d-from dicing tape 40
up to the top tsurface of die 32. Thte ba%kside of wafer 3Q is t&ansferkrlegtonto watfﬁr sugeort system 49,
which is madé Trom giass, Sifidort SBStrafd! of other watsr SUpport material” “¢ "HAFIG. 5a,
semiconductor- wafers3®is1shewnawitmis plurafityc bEdiei 82, séparated by Saw street guides 36 filled with
organic mateg%%éiét\éia@&l%é%gwtggtasorggngbmﬁ)éari@l&% along.saw;steeets 36, The via cutting
operation uses a laser drill or etching process. Via holes 50 are placed along die 32 adjacent to contact
pads 38. In ohB ébsdiméft, Tohtact patic38 and\iaitted B0V ATRmimeT S8pardtion distance of

about 20 lamdent5(-tam 2deperdiagomthe: diemetetmanc.ae pthopiihe, viar In FIG. 5b, the
cross-sectiona{view of wafer 30, taken along line 5b-5h, sho vialhol s 50 (ﬂtinto organic material 48
down to wafer SBbH Sy B A0 TG Taser Griliig Speraton i€ conterad Abbut ine Shannel of the saw

street guide &l Atdkiesca hiote having'a dienetsdess fivawthe widthcofitpandh 42k which leaves a layer of
organic materigl 48 suprounding yiaihales50. The widghetirengh 42 isdependent,onsthe width of saw
street width, but typically smaller than the saw street width. The diameter of via hole 50 is typically about
10 lam to 106 tt, G8péndingort tie FequirsdbrCd&HH™ 1 ATdRTGHE Vid hbies 53 e Tt through contact
pads 38 downlthrouginwaier.30 to waker support sy sterh A ditealasep afiflingropératiohfisegentered about
contact 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 1lb-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



pad 38 and makes a hole having a diameter less than the width of the contact pad, which leaves part of
the contact pad surrounding via hole 53 at the top of die 32. Note that via holes 53 are formed on silicon,
i.e., through an active area of die 32. A metal track or trace 52 is routed from each contact pad 38
to the corresponding via hole 50. Trace 52 is formed by a metal patterning process to connect contact

pads 38 to via fiples 30, which will ke filled with copdugtive materialiina later step-(Tragesp2 are
provided for each contact pad and via hole pairing as shown. Some via holes 50 are dummy vias
performing nd &féctAcal fmétishr AgEortingly* nistaPitdce 52 nided hot belotitsd &5 eleR via depending
on the device-functian. st reet B BEG. 6a, semiconguctanwaterd3Gisoshowpavithh és pluratity of die 32,
separated by saw street 11q.1jcdmeoss%6 g\gw g]certgléﬁllegviasof%% an h566. vé g(e)rr]dgcszti\éel rm%t?ggl |§ deposited into
via holes 50 t%rough a di position process such as plating or plugging to form metal vias 54’ The same
conductive matetialsis alsd deposited imtoddahiotes 58toTormhneta st 56V Metakvias 56 are formed

through an agfive,area ehdie-32..Fhe condugtive material can he-coRReHCY), aluminum (Al), tungsten
(W), or alloys thereof, or mixtures of other conductive materials. Metal vias 54 are formed in and are

surrounded by'drganic material 48. Metal vias 56 are formed in and are surrounded by contact pad 38
and the active area of wafen 30I Metabyiassh etectricathycomaeeis t6 Contacigeach 38Haywway of trace 52.

Traces 52 are provided fgﬁgggiﬂ £ épt%%t Rad agglmggag é/gggj{irégrlag g@om FIG. 6b.is a cross-sectional

view of wafer 30, taken along line 6b-6b, showing metal vias 54 electrically connecting to contact pads 38
through trace3%2, atd¢ irfsialdiag 56 efettidallyicshriectinftoesrtat pads 38 difetho Wafer support

system 49 is yeplaged with dicing tape b81fok spustrabsuppert vf the wafer dyringdhe second or final
singulation to_s qa(n)rate die 32{l¥he bottom of metal vias 54 and ?Y%coin,cides with_dicing. tape 58.

A redistributidr? fayaH (RDIFCAR B Formed o the backside ©f waret 30- The backside RDL operates as

an intermediate conductivedayéritooute etectrisaksignalsito Vansus areds. of thewdiet irctiding active and
passive circuifg, and pég\éidg§ various glectrical nterconnegt options Auring pag@gqmategration, such as

shown in FIGs. 15-18. A repassivation layer is formed between the individual nodes of the backside RDL

for electrical fsofatiot* THE fdtiatiorPdf Hacksidé RDL BnderepadsivationIayér edisefosed in U.S. Patent
Application NeotBesding), Atosiey DocketNowd 254 55000033 @ntitledvSamiconduestormWafer having

Through Hole, Yias gn Saw Streets with backsige redistibytion layery’s oi ng tape 40.
The formation of trench 42 arises from a first singulation of
wafer 30, which creates a trench width that is less than a
width of the channel of saw street guide 36.

In FIG. 3a, semiconductor wafer 30 is shown with its

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

via, full via, single row via, or double/multiple row via.



In FIGs. 7a-7b, metal vias 54 are cut through center area 68 by cutting tool 70. In one embodiment,

cutting tool 70 can be a saw or laser. The cut extends down to dicing tape 58 to completely sever metal
vias 54 into two equal half-circle vias 64. A pick and place operation removes die 32 as individual units
from dicing tape 58. In FIG. 8a, semiconductor die 32 is shown with both metal vias 64 on saw

streets and through silicon; petalviag 56. FIG: 8hyis 2 crass;sectional view of die 32; taken along line
8b-8b, showing metal vias formed through silicon of die 32 and metal vias on saw street configuration, as
produced by Fé'Afdnutictiring'stepé of B Ated BY cuin Ei. 957 S8MicoHdtTctor 8ie 32 is shown
with through sitigan inetsd viasi 56 angl fusthesppetat ¥iasi64 Oresam sireats. 6Ok issa trass-sectional
view of die 3%,rtarl§egc?llgn%iigeegnbs-9rl:l) show}n rr]nleéa!nviggrf%qle%hg%u silicon of die 32 and metal vias
on saw street Conf?guratlon, a8 proéuge'd by the manuflacturlng steps of F Gs. 1-7. RDL 74 and
repassivationdayep 78dresHovine ofPthe)backside of die 32 TRDLO74 canvBe enade with nickel (Ni), nickel
vanadium (NiV)g Cuy0r QU alley. RDLZ4 operates.as andnptepmediatepconductivelaygrto route electrical
signals to various areas of the die, including active and passive circuits, and provides various electrical

Interconnect bpEGnE Uty FAKEGEIntEgration, Bath asdhatin T RIE ST 18-18! REFASIvation layer 76 is
formed between theinghvitduahnodes of baeksidelIRDtrahfor electricahisblationy Theeepgassivation layer

can be made with silicon nitride. (SIN), silicon dioxide (S102), gllicon oxynitdde (3IQN),pglyimide,
benzocyclobutene (BCE), polybenzoxazole (PBO0), or other insulating material. In FIG. 10a,
semiconductdf @ies32 & SRowRtWith e6Rtact PFeriz-38 eBRReBtetPto iietallvias S0P\ trates 52. FIG. 10b is

a cross-sectignaladewsafidie 32, dakenr alerg line 10bn10b;shewing metalvias 80-aleng saw street 36.
The metal via is producedIb chIeGstegs descriped in FIth. 1-7fwith3t8e,exc tion thaleo tvia holes like
50 are formed side-by-sid& in organicthatsrial 48 The Side"by-side Via foles B8 art s8parated by organic
material 48. Condadtivertrates 52 connectwontactpdds 88warkkviadioles 50 T hecsidelByegide via holes
are filled .W'thvﬁ(%'?{mﬁi'é{grmét‘?{@é?f%m [petal 18580016 501N E '@q&lén%%%%%‘i_@or die 32 is
shown with contact pads 38 connected to metal vias 80 by traces 52. Dicing tape is applied to the back of
semiconduct8fwaferr30 fér sthadtaral BipporEatthe’Rafer difring the ihalSiAgtRtbAtbEeparate die 32,
as shown in kl¢ézdIbawhicheis aicrass-sectonal mewdaker adang ine Ith<1ks. Fhe seeond or final
singulation to separate the plurality of die 32 is cut through organic material 48 along line 82 between the
side-by-side V?%%CSeng?t A guf{ﬁleg t%%lﬂ gaﬁfoﬁmetginau a%%%gcbgt%véeger? r%”létal%iag%% results in the metal
vias on saw stréetdigrfiguration ik eonibinaticr? withcthvdagh silieenidag d6e @ minfmfG, 12a,

semiconductardie32 is,shewnwith coptactpads 38 connectedsto metalidas 89ibytragesip2. FIG. 12bis
a cross-sectional view of die 32, taken along line 12b-12b, showing metal vias on saw street

configuration®t8Fhetal it citcR a8 arkProdiuded by the steps described in FIGs. 1-7 and 10-11. The
side-by-side via holes like150 amsseparated bycorganic materiab48 v@onductive: fraces dike 52 electrically

connect the gongact %@%%8”91}4% h%_e_% k;l', he side-by-side via holes agggillfgt\gitlg§gggygtive material to

form metal vias 80. The final singulation to separate the plurality of die 32 is cut through organic material
48 between thé side-bl-Sidednetal Vas'86 T8sHIRGTIA the Yieal viddon sEh strééEEonfiguration in
combination with thiough siicen Mas 56. centered about the channel of the saw

street guide and makes a hole having a diameter less than the
width of trench 42, which leaves a layer of organic material
48 surrounding via hole 50. The width of trench 42 is
dependent on the width of saw street width, but typically
smaller than the saw street width. The diameter of via hole
50 is typically about 10 pm to 100 pm, depending on the
required wvia depth. In addition, via holes 53 are cut through
contact pads 38 down through wafer 30 to wafer support system

49. The laser drilling operation is centered about contact
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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, semicanductor. die 32yyith. mefal fll-viag 8Q-and through sifican vias 56 gan be joined
together by union 90 using a direct via metal bonding process. FIG. 14 illustrates die-to-die
stacking using’vi& Bondiig #ith soider Paste’02 SASiGradlity bf die 32%s stitkedta®$Hown to suit a
particular applicatioon Each of thennetal vias 64 and hspugh silicomvas 56-can biejoinedhtogether as
shown by reflrg)(\)/\ﬂig s%der féa e 926'&9 create A strong {neetallurcglicglub?]n% Qetvg%% eeaaclzhecg stacked die 32.
The combination of vias 64 and 56 provide greater Intérconhect fiexibi ity and options for electrically
connecting thefstatkeddie 32. Alternately, semiconductor die 32 with metal vias 80 and through silicon

vias 56 can be joined togethgt by solderfpaste 92-using=s reflow PreeesSrom eadh FIGS. 15-18 shows
various packagin? applications usingE, in part, an Interconnect technique with the THVs formed on saw

streets and B sifth. FIG-15H4s SBRIESRITtOF die’ 160 Hitathed to die®SFwith ddhesive 102.
Die 100 electficatly ¢ohpnestsrihiraugh avirebonds L@dctoametaloias bdean dieo82aDie 82ds supported by

substrate 106, Metal yias f4and 3§ electrically, connect 1o, sqldgr humps 108 through conductive layer

110. The packages are sealed by epoxy encapsulant 112. FIG. 16 shows semiconductor die 120
attached to die* 122 With athésivetEZ4. IieP120 electfcaliicanfe@sictRth Wire 1561%ds 126 to metal vias

64 on die 32.42iec k22 elecirically cennedtsdhiough seldes bunps 1284enmetal yias 26 Hrudie 32. Die 32 is
supported by substrate 130, Metal vitas 64 and 56 e ectrticallcy Eor}nect to solder bumps 132 through
conductive layeF 1347 The packages are sesied by epoxy eheapsuiant 136: FIG. 17 shows
semiconductércdiert4@ electricalhadonmectedid metal vias 6kwor80ioadie 32y wayvaikbond wires 152.

Semiconductgg?@lg}% lectrically sopnects:tg 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 1611 Wife Bonfs 162 EGHSH&E 16T Brovide the Eeetici &dnriéction to solder
bumps 164 throughicanductiveilayen]66<the packages aue encased by:epexy encapsulant 168. Molding
amnpound:IQ%EQE§@§T?5§59§%%S%4 and 56. A conductive material is

deposited into via holes 50 through a deposition process such

as plating or plugging to form metal vias 54. The same

conductive material is also deposited into via holes 53 to

form metal vias 56. Metal vias 56 are formed through an

active area of die 32. The conductive material can be copper

(Cu), aluminum (Al), tungsten (W), or alloys thereof, or

mixtures of other conductive materials. Metal vias 54 are

formed in and are surrounded by organic material 48. Metal

vias 56 are formed in and are surrounded by contact pad 38 and

the active area of wafer 30. Metal via 54 electrically

connects to contact pad 38 by way of trace 52. Traces 52 are

provided for each contact pad and metal via pairing as shown.

FIG. 6b is a cross-sectional view of wafer 30, taken along

line 6b-6b, showing metal vias 54 electrically connecting to

contact pads 38 through traces 52, and metal vias 56

electrically connecting to contact pads 38 directly. Wafer
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FIG. 18 shows semiconductor die 180 electrically 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 die 32,

180, and 190.are supparted by substrate 202, Metal vias 56 electrically.cepnect to solder bumps 200

through wire bonds 204 and conductive layer 198. The packages are sealed by epoxy encapsulant 206.

An underfill ni&teriaF 208 providee <tréss felief."afer dhstamal§, stackaplie’Sermicshtductor die has
been describedwith IH\s farmed: inuthersaw isireets anthEHVstfosmedomsitigonyThe eectrical
interconnect is C%Oé’f‘lgl(i)slf}lecd gl)s@thlrl&Tg}/g.on saw str%%ts and THVs on silicon, in addition to a

redistributionaigyer, separateﬁl ey a repasswaﬁgﬁ Iaygr? to Increase signal routing options and density. The

THVs on saw streets and FH\gsloatsilidoH; inadbitiorr to(fHER D) previflermefe signidheouting

functionality and flexibility withir the packagge pacxs\VWlexeRe O Mmare-embodiments of the present
invention have been illustrated in detail, the skilled artisan will appreciate that modifications and

adaptations t0th658 EMBSGnTEHE Hiky Be madewitlodtdeSartingHremhe Stopeofthepresent
invention as setfosthsinadhedollowingelais , Claimsuthat is claimedadd Aomethoed of forming a

semiconductar; deyiee, .comprising; forming a semiconductor wafer having agtive areas separated from
each other by saw street guides; forming contact pads on a first surface of the

during package integration, such as shown in FIGs. 15-18. A

repassivation layer is formed between the individual nodes of

the backside RDL for electrical isolation. The formation of

backside RDL and repassivation layer is disclosed in U.S.

Patent Application No. (Pending), Attorney Docket No.

125155.00033, entitled “Semiconductor Wafer having Through

Hole Vias on Saw Streets with backside redistribution layer.”

In FIGs. 7a-7b, metal vias 54 are cut through center
area 68 by cutting tool 70. In one embodiment, cutting tool
70 can be a saw or laser. The cut extends down to dicing tape
58 to completely sever metal vias 54 into two equal half-
circle vias 64. A pick and place operation removes die 32 as
individual units from dicing tape 58.

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

In FIG. 9a, semiconductor die 32 is shown with
through silicon metal vias 56 and further metal vias 64 on saw
streets. FIG. 9b is a cross-sectional view of die 32, taken
along line 9b-9b, showing metal vias formed through silicon of

die 32 and metal vias on saw street configuration, as produced

-12-



semiconductor wafer within the active areas; forming a trench in the saw street guides; filling the trench
with organic material; forming first vias in the organic material; forming second vias through the contact
pads on the active area of the die; forming conductive traces between the contact pads and first vias;
depositing conductive material in the first vias and second vias to form first conductive vias and second

conductive vigs, rgspegtively; and. ; , singulatingthegsemiconductaryvater along the saw street guides to
separate the active areas of the semiconductor wafer into die. 2. The method of claim 1, further including:

forming redistBiftion 14yetO TRDEET bn ' sBE6nd sutface bfthe ethicdhdtctr Wafer tkat is opposite the

first surface; and 74 can be made with nickel (Ni), nickel vanadium (NiV),
Cu, or Cu alloy. RDL 74 operates as an intermediate
conductive layer to route electrical signals to various areas
of the die, including active and passive circuits, and
provides various electrical interconnect options during
package integration, such as shown in FIGs. 15-18.
Repassivation layer 76 is formed between the individual nodes
of backside RDL 74 for electrical isolation. The
repassivation layer can be made with silicon nitride (SiN),
silicon dioxide (Si0O2), silicon oxynitride (SiON), polyimide,
benzocyclobutene (BCB), polybenzoxazole (PBO), or other
insulating material.

In FIG. 10a, semiconductor die 32 is shown with
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. 1lla, 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 1lb-11b. The second
or final singulation to separate the plurality of die 32 is

cut through organic material 48 along line 82 between the
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forming repassivation layers between the RDLs. 3. The method of claim 1, further comprising: stacking
the die; and electrically interconnecting the die using the first and second conductive vias. 4. The
method of claim 1, wherein forming first vias in the organic material comprises forming at least one of the
first vias directly between a first contact pad disposed in a first active area and a second contact pad

disposed in a.second active area adiacept tq the first.actiye area. 134Lhe methed.of claim 4, wherein
singulating the semiconductor wafer along the saw street guides comprises dicing through one of the first

conductive viastAEL R diSPoSEd 1t fie BEfeast bheSoffthe st viad toformca Hird Conddctividvia that is
electrically cannected ¢e the firsticpntactipad by a-tingt condustive iracetand adougthicenductive via that is
electrically cannected to the second contact pad by a second conductive trace. 6. The method of claim 1,
wherein forming first Vias in the organic material comprises forming two of the first vias side by side and
directly between a first coAtact pad didpesedin adirdtattive aica aAdisssetond contdet pad disposed in a

second aCtiV%@ﬁ%%@gj%gtgéh%$iﬁmy@ &€qnetal 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 is 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
vias 56.

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

FIG. 14 illustrates die-to-die stacking using via
bonding with solder paste 92. A plurality of die 32 1is
stacked as shown to suit a particular application. Each of

the metal vias 64 and through silicon vias 56 can be joined
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7. The method of claim 6, wherein singulating the semiconductor wafer along comprises cutting the
semiconductor wafer between two of the first conductive vias that are disposed in the two of the first vias.
8. A method of fabricating a semiconductor package, comprising: forming a semiconductor wafer
including die, contact pads disposed on first surfaces of the die, first conductive vias disposed outside a

perimeter of the.die, second copdyctive vias disposeddn dhe dig, and gonductive. traceg electrically
connecting the first conductive vias to the contact pads; forming redistribution layers (RDLs) on second
surfaces of tHd-di"6pposite- the first 3tirfaces; Pt i6iftinG Fepasdivaiien farers Yetween the*RDLs on the
second surfacem the dliersipgulating the semiconduetor wafeste separatettheddienstacking the die; and
electrically interconpecting the stacked die using the firstand second conductive vias.
stacked die 32. Alternately, semiconductor die 32 with metal
vias 80 and through silicon vias 56 can be joined together by
solder paste 92 using a reflow 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
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9. The method of claim 8, wherein singulating the semiconductor wafer comprises cutting through at least
one of the first conductive vias to form a third conductive via electrically connected to a first contact pad
by a first conductive trace and a third conductive via electrically connected to a second contact pad by a
second conductive trace. 10. The semiconductor package of claim 8, wherein two of the first conductive

vias are formed,side by side and-disectly,between a fiyst contact pad disposed on a first die and a second
contact pad disposed on a second die adjacent to the first die. 11. The semiconductor package of claim

10, wherein singulating thé Semitbnalelst Wwarst Conpridedrcatiifig d0ng sesav strekt Yuide disposed
between the two 0f the firstcandsctivewias, 121Aanetheg of faduricatingsa semicernduetor package,

comprising: pryiding.g first die having,contact aads and.frst canduetive.vigs forped algg a perimeter of
the die, the first conductive vias eIectricaﬁFy connécted to the contact pac?s Es)y conductive traces, the first
die further incléding secoridonductivieviasformetthraughs ascactivetareaioftheidiel 90 providing a

Seconddkad§99§egéﬁg§g$gt9§53f”§ﬁ@ei@@delectrically 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 is accomplished using
the THVs on saw streets and THVs on silicon, in addition to a
redistribution layer, separated by a repassivation layer, to
increase signal routing options and density. The THVs on saw
streets and THVs on silicon, in addition to the RDLs, provide
more signal routing functionality and flexibility within the
package.

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

the present invention as set forth in the following claims
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electrically connecting the first and second die using bond wires and the first conductive vias. 13. The
method of claim 12, wherein two of the first conductive vias are formed side by side. 14. The method of
claim 13, further comprising singulating the semiconductor wafer along a saw street guide disposed
between the two of the first conductive vias. 15. A method of fabricating a semiconductor device,
comprising: providing a semiconductor wafer gwclyding die and contact pads disposed on a first
surface of an active area of each die, the semiconductor wafer further including a saw street guide
between each die; forming a trench in the saw street guide; filling the trench with an organic material;
forming first conductiveaias that:are surrounded by the organic material;

1. A method of forming a semiconductor device, comprising:

forming a semiconductor wafer having active areas
separated from each other by saw street guides;

forming contact pads on a first surface of the
semiconductor wafer within the active areas;

forming a trench in the saw street guides;

filling the trench with organic material;

forming first vias in the organic material;

forming second vias through the contact pads on the
active area of the die;

forming conductive traces between the contact pads and
first vias;

depositing conductive material in the first vias and
second vias to form first conductive vias and second
conductive vias, respectively; and

singulating the semiconductor wafer along the saw street
guides to separate the active areas of the semiconductor wafer

into die.

2. The method of claim 1, further including:

forming redistribution layers (RDLs) on a second surface
of the semiconductor wafer that is opposite the first surface;
and

forming repassivation layers between the RDLs.

3. The method of claim 1, further comprising:
stacking the die; and
electrically interconnecting the die using the first and

second conductive vias.
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forming second conductive vias in the active area of the die; and connecting the contact pads and the
first conductive vias using conductive traces. 16. The method of claim 15, further including: forming
redistribution layers (RDLs) on a second surface of the die opposite the first surface; and forming
repassivation layers between the RDLs on the second surface of the die. 17. The method of claim 15,
further comprising: stacking the die; electrically interconnecting the stacked die using the first and

second conductive vias.
4. The method of claim 1, wherein forming first wvias in the

organic material comprises forming at least one of the first
vias directly between a first contact pad disposed in a first
active area and a second contact pad disposed in a second

active area adjacent to the first active area.

5. The method of claim 4, wherein singulating the
semiconductor wafer along the saw street guides comprises
dicing through one of the first conductive vias that is
disposed in the at least one of the first vias to form a third
conductive via that is electrically connected to the first
contact pad by a first conductive trace and a fourth
conductive via that is electrically connected to the second

contact pad by a second conductive trace.

6. The method of claim 1, wherein forming first vias in the
organic material comprises forming two of the first vias side
by side and directly between a first contact pad disposed in a
first active area and a second contact pad disposed in a

second active area adjacent to the first active area.

7. The method of claim 6, wherein singulating the
semiconductor wafer along comprises cutting the semiconductor
wafer between two of the first conductive wvias that are

disposed in the two of the first vias.

8. A method of fabricating a semiconductor package,
comprising:

forming a semiconductor wafer including die, contact pads
disposed on first surfaces of the die, first conductive vias
disposed outside a perimeter of the die, second conductive

vias disposed in the die, and conductive traces electrically

—-18-—



18. The method of claim 15, wherein at least one of the first conductive vias is formed directly between a
first contact pad disposed on a first die and a second contact pad disposed on a second die that is
adjacent to the first die. 19. The method of claim 18, further comprising singulating the semiconductor
wafer through the at least one of the first conductive vias to form a third conductive via that is electrically

connected to ihg first-opfact pad hy.2 firshanduciive frace apditgorm 3 fourth canductive via that is

electrically connected to the second contact pad by a second conductive trace. 20. The method of claim
15, wherein two of thefitsP8onaactie vias are fotmedsidé Ty side dhdPaireety BBtIEER 2 first contact
pad disposedan enfirst die apdasseeontheontact pashdispesed on a second die that is adjacent to the first
die. 21. The methog ofmcil%im ]_ZQ ;usrgq%r cam fifia[‘ esfingglga%gé@e;;m' gugtor \ﬁafer along a saw
street guide disposeéD betwden tﬁe two of the first conductive vias. 22. The metﬁoé of claim 15, further
comprising foravwrg topduttve bampd thatare electrically connected to the RDL.

singulating the semiconductor wafer to separate the die;
stacking the die; and
electrically interconnecting the stacked die using the

first and second conductive vias.

9. The method of claim 8, wherein singulating the
semiconductor wafer comprises cutting through at least one of
the first conductive vias to form a third conductive via
electrically connected to a first contact pad by a first
conductive trace and a third conductive via electrically
connected to a second contact pad by a second conductive

trace.

10. The semiconductor package of claim 8, wherein two of the
first conductive vias are formed side by side and directly
between a first contact pad disposed on a first die and a
second contact pad disposed on a second die adjacent to the

first die.

11. The semiconductor package of claim 10, wherein
singulating the semiconductor wafer comprises cutting along a
saw street guide disposed between the two of the first

conductive vias.

12. A method of fabricating a semiconductor package,
comprising:
providing a first die having contact pads and first

conductive vias formed along a perimeter of the die, the first
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conductive vias electrically connected to the contact pads by
conductive traces, the first die further including second
conductive vias formed through an active area of the die;
providing a second die disposed adjacent to the first
die; and
electrically connecting the first and second die using

bond wires and the first conductive vias.

13. The method of claim 12, wherein two of the first

conductive vias are formed side by side.

14. The method of claim 13, further comprising singulating
the semiconductor wafer along a saw street guide disposed

between the two of the first conductive vias.

15. A method of fabricating a semiconductor device,
comprising:

providing a semiconductor wafer including die and contact
pads disposed on a first surface of an active area of each
die, the semiconductor wafer further including a saw street
guide between each die;

forming a trench in the saw street guide;

filling the trench with an organic material;

forming first conductive vias that are surrounded by the
organic material;

forming second conductive vias in the active area of the
die; and

connecting the contact pads and the first conductive vias

using conductive traces.
16. The method of claim 15, further including:

forming redistribution layers (RDLs) on a second surface

of the die opposite the first surface; and
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forming repassivation layers between the RDLs on the

second surface of the die.

17. The method of claim 15, further comprising:
stacking the die;
electrically interconnecting the stacked die using the

first and second conductive vias.

18. The method of claim 15, wherein at least one of the first
conductive vias is formed directly between a first contact pad
disposed on a first die and a second contact pad disposed on a

second die that is adjacent to the first die.

19. The method of claim 18, further comprising singulating
the semiconductor wafer through the at least one of the first
conductive vias to form a third conductive via that is
electrically connected to the first contact pad by a first
conductive trace and to form a fourth conductive via that is
electrically connected to the second contact pad by a second

conductive trace.

20. The method of claim 15, wherein two of the first
conductive vias are formed side by side and directly between a
first contact pad disposed on a first die and a second contact
pad disposed on a second die that is adjacent to the first

die.
21. The method of claim 20, further comprising singulating
the semiconductor wafer along a saw street guide disposed

between the two of the first conductive vias.

22. The method of claim 15, further comprising forming

conductive bumps that are electrically connected to the RDL.
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