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 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, indsEMatomnvai®or, dAREH(IGRACING MERDUGH-HOIMevImsufacture of
semiconductor deviceSNng¢aWeSTaRBaASOW DA \BAEZKIRDENGREDISTRRBYL TN EAdERie 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
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 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 packaging techniques which

involve three-dimensienal (3P) datercennegts betweepdhe sepicopdyelordevicas., The, 3D.ipterconnects

provide advantages such as size reduction, reduced interconnect length, and integration of devices with
different funcfibhalfty iftd'sin Gverall 3D fadkage: "ORE Wiy bPimpléntertify 3B5htércdRfects involves the
use of throughahelewdas ¢hbdM)e THYS amatypically losatetharaunchtherpermeteokthetdiealong its saw
street guides, Most, if not all, semiconductor packages use the THVs to,route signals between adjacent
e, However THVE AoEE i Sueal oo ot dng Hatucd SgHal s dedsty SPhosent day high
density packagding regalrediigh demsitgend fexiblerintérconheeteapabiliydvivich is difficult to achieve
through THVS. v i ronAenead exists 1@ {ngrease 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 making a semicoHdUctEraavice cumprising thestefs of providitiy-2 pidrality of semiconductor
die with a plusality tof contactpadsdispesed iowes a fitst surfacedfthe Serpiconduetos idieaforming a trench
between the semjcanductor die, depositing. a ingulating material in the,trench, forming a-plurality of
conductive vias through the insulating material, forming a plurality of conductive traces over the first
surface electricalff E6RREEITY BT SEAGHBAGRtheohdtittiveddas ¢ the eBHtdct Pads, and forming an
RDL over a sesandsurface-eithersemicongdyetor dieoppasitetheifist surfase.: The RDLwextends across

the second s r,f%%e of the fc,emiconducitor die to route electric lsisggals tQ areas on the second surface
. . erent ctionalilt ntqg. an, overa a age. Oone wa. . )
including a céntralTegion of the sémiconductor die’ A Seond portion of the’ conductive Vias is electrically

isolated fromdhe icantierctive tracesd Thetmetivod frtlseriinehidessthehstep of fofmingrawepassivation layer
over the secqng surface of the, semicerductpr die for elestrical isglation beween portions of the RDL.

In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providiiig & plafality of Semiconddctot die WithSa piialifPorcontact’pads didposed over a first
surface of thexsemicanduetar diey depositing:andasulatieg materisdrasouad the semicenductior die, forming
a plurality of %%r%ductive vias tthCUQPl gh'e ingulatineqrm %I, fqrminglal Rlitgcra[ci)ty of c‘lonductive traces over

the first surface e“fS&%c%ﬁﬁ %8%ﬂectlng a firs%(e)‘rftlorf of the coNdUCtive vias to the contact pads, and

forming an RDRUGVE%a seednd surfadersithesenicontuttortdie ©ppusitetthe firBrsgdace. A first portion

of the RDL isglectrically gonnected to-the,conductive; viasianga second partign ofthe RRL is electrically
isolated from the conductive vias. The method further includes the step of forming a repassivation layer

over the secorth §uf28E of the 2BAIcArdIctoP Bid for dleCthcht otdtidr? bafildér portidrid 8 the RDL.

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 making a semiconductor device comprising the steps of
providing a plurality of semiconductor die with a plurality of
contact pads disposed over a first surface of the
semiconductor die, forming a trench between the semiconductor
die, depositing an insulating material in the trench, forming

a plurality of conductive vias through the insulating



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a plurality of semiconductor die, depositing an insulating material around the
semiconductor die, forming a plurality of conductive vias through the insulating material, forming a
plurality of conductive traces over a first surface of the semiconductor die electrically connecting the

conductive vigsta,.confact:pads afthe semiconductor-die, andforming ag RRL Qver g ggcond surface of

the semiconductor die o%%osite the first surface. A first portion of the RDL is electrically connected to the
conductive viasT St SUTfif&Rothet EmbaditentStHE resett irvdritior isPR htethbd Bt making a
semiconductendeviee casnprisingtbetsteps of pravidingra plunadityrot-semicenduator dies tlepositing an
insulating materialn og&(_jftggeseor?icgﬂlductor.dig_h@urg]cigg ad[__)LIgralit%’&%c condggtév ivirasscthrough the

. . Seco . % se%fc o? lt? . .
insulating material, forming a plurality of conductive traces over afirst surface of the semiconductor die,

and forming avRBIcover aseddid surfacelof i semichrductopdie eppositeti fikstsurface. A first

portion of the.RRLJs elgetrically conpgcted.ta-the conductive Was.Brigf Besgription of the Drawings
FIGs. la-lb illustrate top and side views of a semiconductor wafer having a plurality of die separated by

saw street guigES™Y SUT T et DAtoE iMEstratE P Ehd Siae \ViBws of thE seTRitoRAGEG Wafer with cut
saw street guides; 2 secddG3a=3billusiratedop anthisidéwdewsaof arsexpansionofthe saw streets;

isolated from the conductive traces. The method further
includes the step of forming a repassivation layer over the
second surface of the semiconductor die for electrical
isolation between portions of the RDL.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps
of providing a plurality of semiconductor die with a plurality
of contact pads disposed over a first surface of the
semiconductor die, depositing an insulating material around
the semiconductor die, forming a plurality of conductive vias
through the insulating material, forming a plurality of
conductive traces over the first surface electrically
connecting a first portion of the conductive wvias to the
contact pads, and forming an RDL over a second surface of the
semiconductor die opposite the first surface. A first portion
of the RDL is electrically connected to the conductive vias
and a second portion of the RDL is electrically isolated from
the conductive wvias. The method further includes the step of
forming a repassivation layer over the second surface of the
semiconductor die for electrical isolation between portions of
the RDL.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps
of providing a plurality of semiconductor die, depositing an

insulating material around the semiconductor die, forming a



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 hoIeS' FIGs. 7a-7b illustrate top and side views of depositing conductive

material in thg Via hples; o condilGS; $2- %QQ@’SE@E%&% apgside views of forming. ackside

redistribution layers and repassivation layers; Gs. 9a-9b illustrate top and side views of cutting
the metal via$ Bt Ralf-titfeving; © Condﬁﬁévﬁéﬁ%elﬁugt‘fﬁfé fopfand Side viedrEof a
semiconductorrdienwith snetad niascfosmegt aloagdbersaw streetsinnect ing the

conductive vias to contact pads of the semiconductor die, and
forming an RDL over a second surface of the semiconductor die
opposite the first surface. A first portion of the RDL is
electrically connected to the conductive vias.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps
of providing a plurality of semiconductor die, depositing an
insulating material around the semiconductor die, forming a
plurality of conductive wvias through the insulating material,
forming a plurality of conductive traces over a first surface
of the semiconductor die, and forming an RDL over a second
surface of the semiconductor die opposite the first surface.
A first portion of the RDL is electrically connected to the

conductive vias.
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. 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 vias along the saw streets; FIG. 14

illustrates die-to-die stackingusing dirgct metalio-metal via bondings;e 1 ewsFIE: 15 illustrates the
semiconductor die with metal vias connected to a second die with solder bumps; FIG. 16

illustrates the®SEMddntREtGPdIRUNItH Yetaf VRIS @dnndtte8 %o A se i die with bond wires:

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 a
semiconductor die with metal vias formed along the saw
streets;

FIGs. 1lla-11b 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 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



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 numeralsfeprasentthe same,qr similag glementss While the inventiondsdeseribed jn gums 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 cBbvEFaREMatve¥ Afdtifidatforrs BrPedquivarRits 88 ma) De Ritfuded Within tHe spirit and
scope of the ventinnas defined byrbe appendethclaimaand-theidequivatents asrsupported by the
following disclosure and drawings. . . he manufacture of semiconductor devices involves formation
of a wafer haq\'?fensg%a%?&%lit%?) of (%%]tea%hnt%g choentélrﬁ% nugnlé)r%d% o%tﬂ(e)ﬁgéﬁgss of %?Canvéllétg]rsbgnd other
active and passiveedevices gerforhing oveldrladre elédricakfunctionsiFot a giveérneer, teach die from

the wafer typically.perfarms,the; same elsatrieat function. Frant-end manufacturing geperally refers to
formation of the semiconductor devices on the wafer. The finished wafer has an active side containing the

transistors and'GtHEF Httive And pA8&ivardmboAshtsS BaRk-eHd MisnurREtIHng Feférs to cutting or
singulating the<finished wafeninterdhernneividiial tdie anddhengackagirgy the diesforsstructural support

and/or envirogunb%%t@{ ié&)l%%?nch e fol fb%%c%%l&tgrs\évgée%g%n%@wHglygies an active front side

surface having semiconductor devices disposed thereon, and a backside surface formed with bulk
semiconductor material, eld:¢ silieBAL TREERive fromrsidetitfacercoldirs™s plurafity’6Fsemiconductor

die. The active-suface is formed.by a-varietyof semiconductoy precesses, ineluding: layering, patterning,
doping, and heatreatment, I the layering process, semjconductor materats are grown or deposited on
the substratecby tecjhnlques nvo vmg?hermafsom ation, nitridation, chemical vapor deposﬁflon,

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
deposited on the substrate by techniques involving thermal
oxidation, nitridation, chemical vapor deposition,

evaporation, and sputtering. Patterning involves use of



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 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 chipsicale packages (WLP)are.commanly disegawith integrated cirguis (16:s),demanding high

speed, high density, and greater pin count. Flip chip style packaging Involves mounting an active area of
the die facedBifrowsrd &'éhiprdartiel Substrate’BF prihted Eiretit board (PCB)STHERICtVe area contains
active and passive-deviceseccarductive-layets, iand dietfecttipdayersaaccordingotp thie-etegtrical design of
the die. The %’?gﬂ%’q gndorpegganilcal H[ne}grccqcninoergt is %ﬁgieé/ggit\%ouglh %sold%rS bump structure
comprising a large number of individual conductive solder bumps or balls. The solder bumps are formed
on the bump padstghicharévdispesed oprthevactiverareal ThecBemiprgads connect to the active circuits by

conduction tragks ok fracestn the active argandhgselder bumps are electrically and mechanically
connected to the contact pads on the carrier substrate by a solder reflow process. The flip chip
semiconductor package provife$§a'$hoit Biectied Corddidiondsath ffom thelactive d&vices on the die to
conduction trabk® ondh@<carkek sybstratelin) oraes to seducs signat prepagation,dower @apacitance, and
achieve overgll befiet cireuL pPrIOIMANEE., n1qn LM RIESANAisaUssIon & WILP s prodged having
through-hole vias (THV) formed along saw streets. The backside of the water has redistribution layers
(RDL) for IntéteBnRieEfflexibility Bepardted byl repadshationdayeis WEP Wik THWVJorted along saw
streets are desaribed nd-S.Ratent Applicatien &enalNeall 744654 entitled-Through- Hole Via on
Saw Streets”, and further in U.S.. Pgte t Application Seroilal g&%l/m ,844, %ntitled "Package on Package
Using Through-FioTé Vi& Dié dn Saw Strets™ Wwhidit aFé' Indorporated Herain by refereAce. Turning
to FIG. la, a semicondsictorbwater 80liscstovin havingi agpiuradity:0f diei 32. The ¢lie areséparated by inter

die wafer areg;36, commoniy, knownas saw:sireet guides.. 1he saystregL.guides areouted around the
wafer such that there is a saw street on every side of each die on the wafer, i.e., around a perimeter of

the die. EachCdig 32 h48§ aLpMirafty 6 tortct54ds 38 $6rmed o &R &etive side df tHedRe! Contact pads
38 are made of allyNuM seapper, it miureiaopper aloy s s Contactpads-38 eleetricalty connect to
active and passive devices thro conduction tracks or layers formed an die 32. The contact pads can
e Clapose S e Totante oo S f Tho e, B shows 1 I o Aftbhator, the
contact pads Tah Be offsét immutipleronscagth that ehfist powWigficortadctopadds are disposed a first

distance fromthe,edge of the die and asacond:-row, of gantact padsalterpatingwyith 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 edtH et COntAECHAE fOF elettifcal andl mathaRical intetE6ect s & 8ripCarrier substrate or
printed circuibhoard (REBY.lectridEG. thdsa cresssectiohalview obwader 30, taken along line Ib-lb in

FIG. la, showing, dig 32 separafed by saw siyeet guides 36. In,ghe embpglipept, dig 32 may have

dimensions ranging from 2x2 millimeters (mm) to 15x15 mm. The saw streets provide cutting areas to
singulate theR¥&fer fito individJdl die CR FrsEBITP IEdiSpo5S el 16 tRE feft BF tHe! fiftrAoSES&W street 36. A
second die 32 is disposed befweaen thensawsireets36: Aethirek diec32 is disposed tertbedight of the
rightmost saw street 36. Once the wafer is sin%ulated, , .

to conduction tracks on the carrier substrate in order to

reduce signal propagation, lower capacitance, and achieve

overall better circuit performance.

In the present discussion, a WLP is provided having

through-hole vias (THV) formed along saw streets. The

backside of the wafer has redistribution layers (RDL) for

interconnect flexibility separated by repassivation layers.

WLP with THV formed along saw streets are described in U.S.

Patent Application Serial No. 11/744,657, entitled "Through-



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 semiconductor wafer 30
for structural support of the wafer during the following manufacturing operations, as shown in FIG. 2b

which is a cregsrsectional view taken along [ingg@-ggm@g. 2a. Saw streets 36 are cut by cutting tool

44. In one embodiment, cutting tool 44 can be a saw or laser. Note that the cutting tool completely severs
through wafef B0 toForm R wetrdrtteich 421 The%sdttdm Strerictta2 1§ aefirga M dicing tape 40. The
formation of treneiz 42 arisessromra figst-singulation of water 30 wiich eseates artreachanidth that is less

than a width of the channtelopf saw street guid; 36. In FIG. 3a, semiconductor wafer 30 is shown
ed he reference

with its pIuraIiLtyr/l%?rd?é) ]:33, separartgérby ut saw sfreet guides 36. Wafer 30 undergoes a wafer expansion
step to Increase the widthTofsaimstreet jlides!36. RIG.S3L ivadressseradnal viéwisf wafer 30, taken

along line 3b-3h,shoying.the die being pulled using.a yyafer expansionstable as-shovwy by directional
arrows 46. Alternately, the die can be picked and placed onto a wafer support system. In any case, the

die are positicREG Tafthiér 4pafRToldwng e SIRPEVHFIGE 34236 To Sréat Witk <A Sfeet guides. In
one embodinent, thevdietseparationdaereasesrHfeomes micromieters (lanfkto 200 tamhIhe expanded

dimension depends qn the glg%igsn&gggdgmegg érey halfvia, fullvia, single row via, g,raq%l%tl)le/multiple row

via. In FIG. 4a, semiconductor wafer 30 is Shown with its plurality of die 32, separated by cut saw
street guidesi36 Qrgarfic AtateriaF481s Beposited it treheh 42 By3pin-2oating®t rfeedle dispensing.

Organic matesial 4816ar beo bepzesyalobutenes@BEE)relyimnider(Pd)s oracrylicieesin. k. 4bis a
cross-sectiongl view %f wafert 30, tc?key alon Iined4b-4p, showing organic material 48 deposited in trench
42. Organic maferial 28 fil treRch 22 férsorefllr |chﬁaQ teap% 40 ulf)n}%)nt I@’toﬁoﬁﬁ%c’e Sf die 32. In FIG.
5a, semiconductoriwafer 3P is=shewnayith its pharadity- obdies32 Sseparated by skwv streeeguides 36 filled

with organic material;48. A via Bole.3Q s gutinia organic, material 48-along saw, sireets-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 oh@¥%hBodMBRE contattpatis 38 AHdl VIAHAIES 50 e a minimtihTE8PSFation distance of
about 20 lamdodkb®lar,idepaendingan thesdiameter anal deptheaitheodacke 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 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
individual die. A first die 32 is disposed to the left of the
leftmost saw street 36. A second die 32 is disposed between
the saw streets 36. A third die 32 is disposed to the right

of the rightmost saw street 36. Once the wafer is singulated,



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

street width, buttypically smaller thap thesaw street widtl, The.diameter of yia hole 50 i5 typically about
10 lam to 100 lam, depending on the required via depth. ~ In FIG. 6a, semiconductor wafer 30 is
shown with it8 ity BPSiee’}?F%ﬂéfrﬁae@B? W Stre et glidestse Wit Fiathdles 567 A metal track or
trace 52 is rodted from each contact pad 38 to the corresponding via hole 50. Trace 52 is formed by a
metal patterning process toc ctfé)nt%%ﬁadsnég é%(y}a Qg%eGSIS ,Owglichawgl.tr)]e Qﬂ%‘% r\{vith conductive
material in a later step. Traces 52 are provi ed foreach contact pa and via hole pairing as shown. Some
via holes 50 aké uhtmyrvias peifarming hioceleédiricat funictiord Avcordingly; maetal traceés52 need not be

routed to evegy via dependingQn. the dexicefunctian. B1G+8b s aicress-sestionakviewsef wafer 30, taken
along line 6b-6b showingsometal trace 52 connecting contact pad 38 to via hole 50. In FIG. 7a,

semiconduct8Pwater:30 ShEWhWith 78 pIGHEIRP bF dit 35 "Sepiratéd By s stregt guides 36 with
metal-filled vias154wA condactife matetiabiscgepoesitechinio ¥ holewd0 through.a depesition process such

as plating or plugging to form metal vias 24, The copdygtiye, matguabean pe;copper (CL), aluminum (Al),

tungsten (W), or alloys thereof, or mixtures of other conductive materials. Metal vias 54 are formed in and

are surroundé@'byséreRmic meteAaF48 UV eRal \id B4l ctritally tonnekts 5 8oftae HEEEIS by way of

trace 52. Traeces b2rayedprovided tareach contagt pad andbmetahvadainag assshown .tk 7b is a
cross-sectional v'&ew of wafer 30, taken along line Eb-?b sho¥\6'n% m%tal-filled vial 4 electrically
£oo o,to W

connecting to ontact PR 3E throtigh tace 52 THE B5ttorh of metal via B4 toliicides With dicing tape 40.

In FIG. 8a, semiooridu¢tor wafer 3®istsiown witteitsipldralifysofidieid2 separdted by sawpstreet guides 36
with metal-fillgd vias 4. Bicingtape 40-is.removed. Wafer.3Q isInyerted-sych 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. WatEPSUFPort stratture 56 is’Qttactief to e BbRENTsite O Naler B0 Wafdr sibport structure

56 can be madssfroon glass, silicon subsitate carather matesial syitablefofstructarally supporting the
wafer. A backside RDL 58 is f%rged on the backsiggcqgov%afer 0. R}BL 58 can bg Q,}f}g% V\{ucrg nickel (Ni),
u

: ) I .33,
nickel vanadium (NIV), Cu,%r aIIo?. Rfﬁ_méig%%erates as an intermediate conductive layer to route

electrical sigmralste Variousfaréas ofthe shednekeiingactve ampadsige tirguitscand provides various

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 FIG. 4a, semiconductor wafer 30 is shown with its
plurality of die 32, separated by cut saw street guides 36.
Organic material 48 is deposited in trench 42 by spin-coating

or needle dispensing. Organic material 48 can be



electrical Interconnect options during package integration, such as shown in FIGs. 15-18. Repassivation
layer 60 is formed between the individual nodes of backside RDL 58 for electrical isolation. The
repassivation layer can be made with silicon nitride (SIN), silicon dioxide (S102), silicon oxynitride (SION),
polyimide, benzocyclobutene (BCB), polybenzoxazole (P30), or other insulating material. In FIG.

9a, semicondystorwafer 30.is-shownuith its pluralitof dier32, 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 i§ Y8mdtfed: Wafsr 30 5 again Inverttetd ‘stiththat 26ftact pads?3€ and'traces 52 are facing
up, as showniindel Girbiwhich tsva €50ss-geatienaladewicf waker Bdtakensalong line=2019b. Dicing tape 62
is attached to,the battom side of semicondyctor wafer 30 for structural support of the wafer during the
second or finé%]s'ing%fa%%rﬁlt% é“é"ﬁéer%%é" %ieggz?ﬁ/}\gtgl \%ﬁg%c(zllhargeycétJr t%nrloij!gQE %:%(rjwtetragree::ll §8 by cutting tool
70 as shown ip FiG. 9be It one ©mibediert, ¢utting’tool 70 can be a saw or laser. The cut extends down

through RDL 58 to dicing tape-62 to completely. Se¥ermatal vias, 54t fworegualhalfzcirgle vias 64. A
pick and place operation removes die 32 as individual units from dicing tape 62. .. _InFIG. 10a,
semiconduct8rdie®32 i sRéwh Wit Confit PatisSss R¥nhdtieti toometdVias 4By fraté§ 2. FIG. 10b is
a cross-sectienalviewwefrdie 32;taken alartyy line 10b=10b,1shéwingsa tnetal wiaoon saanstreet
configuration, g5 prodyced by {hs navyadtuing steps of FiGs. +-9. Saldergumps,ar.bals 72 are formed
on RDL 58. In FIG. 11a, semiconductor die 32 is shown with contact pads 38 connected to metal
vias 80 by trdt&’52 R alb i31a efosy sEctidhial Vieww oFefie 32, Yaker albny lite 21B-11b, showing metal
vias 80 along-saw street 36y Thecmetalfullcitcle vias areprogucesy the, steps described in FIGs. 1-9,
with the excegtion hat tv1\£o via hgles like go are forrged sid?\-bg/-sid% é'n org]anic material 48. The
side-by-side Via 1Ol&8 B0 are”SEparated By organfc matarial 48. Cordudive tracBs 55 88 hnect contact
pads 38 and vizcholesis0 The sideby-sideakaoled aranfilfed With conductivendhaterialitotform metal vias

80. Inf1G 124, sgmicendugtordie;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 cro$§-sectional view
taken along linezl 2131 2bt Hdhecseconderfinahsinguladiondo separatessthe phutalityaafadie 32 is cut through
organic mate5|%48 %(])rg%llne 82 beg}/vee%tq%s@&-g)é-tsq%\tnas 80 with argugtlenrgigololilge 70. The

. . S - SILOWS 1la. O organic
singulation between the vias éb results’in the metal Vias on saw street conﬁguratlon. In FIG. 13a,

semiconducteedie 32 isiskown witipeohtact plus 38 eonnéctedltonmetalevias 8Oy fraces 52. FIG. 13b is

a cross-sectioRalndewofdie 32, taken along line 43b;13k shawing-a metah via.an sayk stregt
configuration, The metal full-circle vias are produced by the steps described in FIGs. 1-9 and 11-12. The

side-by-side Vid'ffol88 ikB5(F afe" 885 4fHted B ordaiic Mkteliar48. EonHuetive rates ke B2 connect the
contact pads asrlwia holesyEhe siderbysside via helessaretfilledhwitthecanductiveamateréal 30 form metal

vias 80. The fial sjagulatiop tE’r%Er‘Plcﬁ:TaH?z”Ees p!&‘é@@té{q%fndéeé? isqut.fhrayah, eraanic material 48 between

the side-by-side metal vias 80 resulting in the metal vias on saw street configuration. FIG. 14

lllustrates dirdétdie-todie stHERiRG USInGBirett Vid Agtaltbendiny. Atplardlity of tie 3278 %tacked as

diameter of via hole 50 is typically about 10 pum to 100 pm,
depending on the required via depth.

In FIG. 6a, semiconductor wafer 30 is shown with its
plurality of die 32, separated by saw street guides 36 with
via holes 50. 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 holes 50, which will be filled with conductive
material in a later step. Traces 52 are provided for each

contact pad and via hole pairing as shown. Some via holes 50
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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 Intercogypgc&g%qwqyicgesvi% s apd.packages{not shown). RDI 58 is, separated and electrically
Isolated by repassivation layer 60. The bottom semiconductor die 32 has solder bumps 72 formed on
RDL 58 sepatated by Fépassivation ldyets 80or efsctritaltisBrationt THe Backside RDL 58 provides
intermediate tntpecennesct fromisolderhuwapsaiZ-toi the. activessudace of the: begeom semiconductor die 32.
The interconnection between RDLs ivpatpeerdig-tp-giaeksetgcléipgncaq be used with or,without solder bumps
72. In FIGs. 15-18 shows various pac&aglng appllcatlo%s using, in part, an Tnterconnect technique

with the THVs46mhed Orrsaw Streets withi backsidé RDLE2FIG 815 hasiserhiebadbltor die 100 connecting

through solder bumps 102110 baeksidg RRL»8-en die 82r BacksidesDLs58 glggirigally, coppect to active
circuits on die 32, as well as providig{q Interconnect to die 100. Die 32 is suénported by substrate 104.

Contact padS"38 Bhtiidrmelaltibs 64 o6 2iéctftaly cSife &b $oidEF btfps Lo& tirdugh conductive
layer 108. Thespackageklare sealedby.epexy-endapsutant 1dferial HGIdGoshaws semiconductor die

120 electrically, copnegtedfo,contact pad 38 and metal vias 64 or §9ct}*¥r_%%9%5’999n"¥;"%§ 122 and

conductive layer 124. Backside RDL 58 electrically connects to active circuits on die’ 32 and solder bumps
126, which infthpd @lectrially e6Rnéctt soldéPbafps 128 tireorghtontuctivedayer 136 Die 32 is

supported bysubstiate 132 dThe packagesaresealecpyepexy encapsulant 13ds An underfill material
136 can be uggd for stress relieft F G.t 7 shows (?emiconductor die }40 electtricglly connected
through bond Wires§ 142 0 bAAKSiIHE RDL 5875t Sémiconductor die™s2. Backside ROL 58 electrically

connect to activescifctitsren dier82das welhds providing-ntertennert to dier140mRassiveldevices 144 also

connect to bagkside,RDI; 58 with solder paste 146, Meta), vias.64 glegtrically. connectdo;solder bumps 145
through conductive layer 147. Die 32 is supported by substrate 148. The packages are sealed by epoxy

encapsulant T49. °F tr &6, 18-shows Semiconddctor by 186 IEEticafly LoRBERUtdPAfétal vias 64 or
80 by way of hendwyires o2 Solder bumps Evdb electrieally. comnect thedackside-ot REMa58 to
conductive layer 156, which connect semiconductor.die 160 with solder bumps 162 by. f bond wires
164, bond Wiryelse%g,far‘?r ij:f:e)]rfld%?:t’iv:;eE ?gyeenr 1%%?%&% is i%p;gar‘te ?/Wslurb%t%% 81%70%/ ?e%é[)ackages are
encased by epoxyencalsstitantcEAZ VA emderfill ntatédalct?4 eah berdsed fehsiwesd rélicfce In

summary, stagkable-gemicerdictor die-has been described-witbTHYsHormed in the sawstreets. The
semiconductor die use a redistribution layer, separated by a repassivation layer, to Increase signal routing

options and density. The RBLE if addfion 0 the Y. brovitids mhore sighaf Fstitingfurietibhality and
flexibility within theapackage. die 3Whilepaearanioky embodiments ofithel presentwivéntion have been

ilustrated in detail, the skilled artisan will apprecigte that medificatians, and adaprations fo fhose
embodiments may be made without departing from thé scope of the present invention as set forth in the
fommng(jmﬁﬁyerted 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, or

other material suitable for structurally supporting the wafer.

A backside RDL 58 is formed on the backside of wafer 30. RDL

58 can be made with nickel (Ni), nickel wvanadium (NiV), Cu, or

Cu alloy. RDL 58 operates as an intermediate conductive layer

to route electrical signals to various areas of the die,

including active and passive circuits, and provides various
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
plurality of semiconductor die with a plurality of contact pads disposed over a first surface of the
semiconductor die; forming a trench between the semiconductor die; depositing an insulating material in

the trench; forming a plurality of conductive vias through the insulating material;

forming a plurality of

conductive trages.pyer.the first sprfaceLlectically connecting a.first poxtion, of the, copgductive vias to the

contact pads;

such as shown in FIGs. 15-18. Repassivation layer 60 is

formed between the individual nodes of backside RDL 58 for

electrical isolation. The repassivation layer can be made

with silicon nitride (SiN), silicon dioxide (Si02),

oxynitride (SiON), polyimide, benzocyclobutene (BCB),

polybenzoxazole (PBO), or other insulating material.

silicon

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 1is

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. In one embodiment, cutting tool 70 can be a saw or laser.

The cut extends down through RDL 58 to dicing tape 62 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 62.
In FIG. 10a, semiconductor die 32 is shown
contact pads 38 connected to metal vias 64 by traces

10b is a cross—-sectional view of die 32, taken along

10b, showing a metal via on saw street configuration,

with
52. FIG.
line 10b-

as

produced by the manufacturing steps of FIGs. 1-9. Solder

bumps or balls 72 are formed on RDL 58.

In FIG. 1lla, semiconductor die 32 is shown
contact pads 38 connected to metal vias 80 by traces
11b is a cross—-sectional view of die 32, taken along

11b, showing metal vias 80 along saw street 36. The

-12-
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forming a redistribution layer (RDL) over a second surface of the semiconductor die opposite the first
surface, the RDL 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, wherein a second
portion of the conductive vias is electrically isolated from the conductive traces; and forming a

repassivationdayer oyer.the secand surface of thg sgpniconductos dig far-electrical iselatian between
portions of the RDL. 2. The method of claim 1, further mcludlr:i expanding a space between the

semiconductdr die tlihGrédse S¥HaRFoPthe-trehch? 3. THe Mtidd bf Eraiml1 SfthE? TG Eding
singulating theisemispnductorideviee dharoughathe-cenductive vias te separgtesth@ssemiconductor die. 4.
The method fotilgism f%rggersgcll%dig Jog}min thaenci%nqnucctie\/reivi?s Eéde-bé((-)sig%ért\ tf\]fee insulating
material. 5. The method of clain]ﬁ, further ihc ud?ng smgu?atlng the semiconductor device between the
conductive viasdesepatatecthecsemitonductordies 68Themethadioflctain® 4 ; furfier ineieting:

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 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 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.

In FIG. 13a, semiconductor die 32 is shown with
contact pads 38 connected to metal vias 80 by traces 52. FIG.
13b is a cross—-sectional view of die 32, taken along line 13b-
13b, showing a metal via on saw street configuration. The
metal full-circle vias are produced by the steps described in
FIGs. 1-9 and 11-12. The side-by-side via holes like 50 are
separated by organic material 48. Conductive traces like 52
connect the contact pads and via holes. The side-by-side via
holes are filled with conductive material to form metal vias
80. The final singulation to separate the plurality of die 32
is cut through organic material 48 between the side-by-side
metal vias 80 resulting in the metal vias 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

—-13—-



stacking a plurality of semiconductor die; and electrically connecting the stacked semiconductor die
through the RDL and conductive vias. 7. A method of making a semiconductor device, comprising:
providing a plurality of semiconductor die with a plurality of contact pads disposed over a first surface of
the semiconductor die; depositing an insulating material around the semiconductor die; forming a

plurality of condugtive yias, througp tbe jnsylating faterial;; o, forming, a plurality gf cgpductive traces
over the first surface electrically connecting a first portion of the conductive vias to the contact pads;
forming a redisttibution fayer (ROLPGvera setohdEirfdde 6Fthe semicondirtardidopiosit@ the first
surface, wheeeia a-first pertiomet tie RiNdisneleptricadly connectedida the eepductive vias and a second
portion of the,RPL, 15 glectrically Isolated from the, conductive, vias; and 111 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 solder bumps 72.

In FIGs. 15-18 shows various packaging applications

using, in part, an interconnect technique with the THVs formed

on saw streets with backside RDLs. FIG. 15 has semiconductor

die 100 connecting through solder bumps 102 to backside RDL 58

on die 32. Backside RDL 58 electrically connect to active

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

100. Die 32 is supported by substrate 104. Contact pads 38

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
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forming a repassivation layer over the second surface of the semiconductor die for electrical isolation
between portions of the RDL. 8. The method of claim 7, wherein a second portion of the conductive vias
is electrically isolated from the conductive traces. 9. The method of claim 7, wherein the RDL extends
across the second surface of the semiconductor die to route electrical signals to areas on the second

surface includigg a centralregien of the semigendugtor die, 10, Ibg mgthad ot claim 7, further including
singulating the semiconductor device through the conductive vias to separate the semiconductor die. 11.

The method of claim 7, fufth&r incfudiRg fermfly tHereorditiveiad Sidé-by<ide 5/ the insulating
material. 12.cthe setbadwofclaign 7pfurtheriinekuding singubating the: sentcarduator device between the

conductive vigs to separate the semicondygtor die, 13,pthe ethod of claim /. further ipcluging:
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 152.
Solder bumps 154 electrically connect the backside of RDL 58
to conductive layer 156, which connect semiconductor die 160
with solder bumps 162 by way of bond wires 164, bond wires
166, and conductive layer 168. Die 32 is supported by
substrate 170. The packages are encased by epoxy encapsulant
172. An underfill material 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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stacking a plurality of semiconductor die; and electrically connecting the stacked semiconductor die
through the RDL and conductive vias. 14. A method of making a semiconductor device, comprising:
providing a plurality of semiconductor die; depositing an insulating material around the semiconductor
die; forming a plurality of conductive vias through the insulating material; forming a plurality of
conductive traces over a first surface of the semigengygtor die electrically connecting the conductive vias
to contact pads of the semiconductor die; and forming a redistribution layer (RDL) over a second
surface of the semiconductor die opposite the first surface, wherein a first portion of the RDL is electrically
connected tothewconduetivenvias.

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

providing a plurality of semiconductor die with a
plurality of contact pads disposed over a first surface of the
semiconductor die;

forming a trench between the semiconductor die;

depositing an insulating material in the trench;

forming a plurality of conductive wvias through the
insulating material;

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

forming a redistribution layer (RDL) over a second
surface of the semiconductor die opposite the first surface,
the RDL 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, wherein a second portion of the conductive vias is
electrically isolated from the conductive traces; and

forming a repassivation layer over the second surface of
the semiconductor die for electrical isolation between

portions of the RDL.

2. The method of claim 1, further including expanding a
space between the semiconductor die to increase a width of the

trench.
3. The method of claim 1, further including singulating the

semiconductor device through the conductive vias to separate

the semiconductor die.
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15. The method of claim 14, further including forming a repassivation layer over the second surface of the
semiconductor die for electrical isolation between portions of the RDL. 16. The method of claim 14,
wherein a second portion of the RDL is electrically isolated from the conductive vias. 17. The method of
claim 14, wherein the RDL extends across the second surface of the semiconductor die to route electrical
signals to areas on the second surface. 18. The method of claim 14, further including singulating the
semiconductor device through or between the conductive vias to separate the semiconductor die. 19.

The method 8f claim A2, Faitherirciuding 8tatking'a phirality 6f Semicoridfiicior diet 2hd ~ electrically
connecting thesstacked-semicanductos-die throughi thectRP Lianrd candugtive viasi 20. A method of making
a semiconductor device, comprising: providing a plurality of semiconductor die;

5. The method of claim 1, further including singulating the

semiconductor device between the conductive vias to separate

the semiconductor die.

6. The method of claim 1, further including:
stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die

through the RDL and conductive vias.

7. A method of making a semiconductor device, comprising:

providing a plurality of semiconductor die with a
plurality of contact pads disposed over a first surface of the
semiconductor die;

depositing an insulating material around the
semiconductor die;

forming a plurality of conductive vias through the
insulating material;

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

forming a redistribution layer (RDL) over a second
surface of the semiconductor die opposite the first surface,
wherein a first portion of the RDL is electrically connected
to the conductive vias and a second portion of the RDL is
electrically isolated from the conductive wvias; and

forming a repassivation layer over the second surface of
the semiconductor die for electrical isolation between

portions of the RDL.
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depositing an insulating material around the semiconductor die; forming a plurality of conductive vias
through the insulating material; forming a plurality of conductive traces over a first surface of the
semiconductor die; and forming a redistribution layer (RDL) over a second surface of the
semiconductor die opposite the first surface, wherein a first portion of the RDL is electrically connected to

the conductive vias,21. The methoed of claim;20, further including forming & repassivation layer over the

second surface of the semiconductor die for electrical isolation between portions of the RDL. 22. The
method of cl&ifT20 Avhéfeili ' Sedond portidn 6f the RELiCelettricathy iSofaté® irdnt tHe Gonductive vias.
23. The methodsefclaim 20, wherein the RDL extends across the second surface of the semiconductor
die to route electrical signals to areas on the second surface. 24. The method of claim 20, further

including singulating the semiconductor device through or between the conductive vias to separate the
semiconductér-die. The method of claim 7, wherein the RDL extends 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.

10. The method of claim 7, further including singulating the
semiconductor device through the conductive vias to separate

the semiconductor die.

11. The method of claim 7, further including forming the

conductive vias side-by-side in the insulating material.

12. The method of claim 7, further including singulating the
semiconductor device between the conductive vias to separate

the semiconductor die.

13. The method of claim 7, further including:
stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die

through the RDL and conductive vias.

14. A method of making a semiconductor device, comprising:

providing a plurality of semiconductor die;

depositing an insulating material around the
semiconductor die;

forming a plurality of conductive vias through the
insulating material;

forming a plurality of conductive traces over a first

surface of the semiconductor die electrically connecting the
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25. The method of claim 20, further including: stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die through the RDL and conductive vias.

conductive vias to contact pads of the semiconductor die; and
forming a redistribution layer (RDL) over a second

surface of the semiconductor die opposite the first surface,

wherein a first portion of the RDL is electrically connected

to the conductive vias.

15. The method of claim 14, further including forming a
repassivation layer over the second surface of the
semiconductor die for electrical isolation between portions of

the RDL.

16. The method of claim 14, wherein a second portion of the

RDL is electrically isolated from the conductive vias.

17. The method of claim 14, wherein the RDL extends across
the second surface of the semiconductor die to route

electrical signals to areas on the second surface.

18. The method of claim 14, further including singulating the
semiconductor device through or between the conductive vias to

separate the semiconductor die.

19. The method of claim 14, further including:
stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die

through the RDL and conductive vias.

20. A method of making a semiconductor device, comprising:
providing a plurality of semiconductor die;
depositing an insulating material around the
semiconductor die;
forming a plurality of conductive wvias through the

insulating material;
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forming a plurality of conductive traces over a first
surface of the semiconductor die; and

forming a redistribution layer (RDL) over a second
surface of the semiconductor die opposite the first surface,
wherein a first portion of the RDL is electrically connected

to the conductive vias.

21. The method of claim 20, further including forming a
repassivation layer over the second surface of the
semiconductor die for electrical isolation between portions of

the RDL.

22. The method of claim 20, wherein a second portion of the

RDL is electrically isolated from the conductive vias.

23. The method of claim 20, wherein the RDL extends across
the second surface of the semiconductor die to route

electrical signals to areas on the second surface.

24. The method of claim 20, further including singulating the
semiconductor device through or between the conductive vias to

separate the semiconductor die.

25. The method of claim 20, further including:
stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die

through the RDL and conductive vias.
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