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, indisEMatcomnvai®or, GAREH IGRACING MERDUGH-HOIMevImsufacture of
semiconductor deviceSNng¢aWeSTaRBaASOW DA \BAEZKIRDENGREDISTRRBYL DN 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 threedipensienal (3P) daterconnects hetweendhe sepicopdyetardevices. The, 3D pterconnects

provide advantages such as size reduction, reduced interconnect length, and integration of devices with
different funclibhality iftd'sn Gverall 3D fadksge-"ORE WP bFimpléntertify 3B5htércdRfects involves the
use of throughakelewdas (hbdM)eTHYS areatypically lagatetharaunchtherpermetenokihetdiesalong its saw
street guides. Most, if not all, semiconductor packages use the THVs to, route signals between adjacent
e, Homever TR AP Sea ot e Faduds St et He sy Torosent day high
density packading regalrediigh demsitgand fexiblerintérconheeteapabiliydvivich is difficult to achieve
through THVS. v i ronAeneed 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 semicoiUUCE d&ViRE dBHpIiSing the steps of br&viaity & pidrality of semiconductor
die with a plusality tof contactpads dispesed iowes a fitst surfacecdfthe 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 E6RAEEITY BT SEAGHBRGRtheohdtittiveddas ¢ the eBHtdct Pads, and forming an
RDL over a sesandsurface-eidhersemicongdyetor dieoppasitetheifist surface.s The RDLwextends across

the second sgr,f%%e of the ];:semiconducitor die to route electri(iﬁsi%wals tQ areas on the second surface
. . erent ctionalit ntg. an overa a age. Oone wa. . .
including a central region of the seémiconductor die? A S8E61id portiort of the’ conductive'Vias is electrically

isolated fromdhe icontlerctive tracesd Thetmetirod frtzeriinehidessthehstep of fofmingrawepassivation layer
over the secqng surface of the, semicerductpr die for elestrical isolation bghween portions of the RDL.

In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providIg & plafality of Semicdnddctdt die Withsa plifalifPorcontact!pads didposed over a first
surface of thexsemicanduetar diey depositing:andasuylatieg materisdasound the semicenductior die, forming
a plurality of %%r%ductive vias tthCUQPl gh'e inésulatineqrm %I, fqrminglal Rlitgcra[ci)ty of c‘lonductive traces over

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

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

of the RDL isglectrically gonnected to-the,conductive; viasiang,a 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 §ufa8E of the 2BAIcArdctoP Bic 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,confactpads githe semiconductar:die, andforming an RDL Quer 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 SUrfip&Rothet embadittentc e preset irvdritior s htethbd Bt mAaking a
semiconductendeavice cemprisingtbesteps of pravdingia pluralityrot-semiconduator dies flepositing an

insulating material oundfthe serrgiconductor.die g)rmcing a plurality of condu}({tiv viascthrough the
. . econd surface, of .th se?fc.h uctor die o?¥051t? Che, T1rst . .
insulating material, orming a plurality of conductive traces over afirst surface of the semiconductor die,

and forming anRBIcever asedond sxfacelof te semichrductordit eppadsieti fitstsurface. A first

portion of the.RRLJs elgetrically conpgcted.tathe conductive Was.Brigf Besgriptian 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 IEE st DAtPE iMEstratE P Ehd Siae \ViBws of thE seTiitoRAtEG Wafer with cut
saw street guides; 2 secddG3a=3billusiratedop anthisidéwdewsaof arnsexpansionofthe 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 vias. 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 the vig hples, o con&IGS; $a- %Q@%@%&%@S . Side viaws of forming backside

redistribution Iayers and repassivation layers; a-9b illustrate top and side views of cutting
the metal via$ Bt Ralf-tiefeviag; © condppsd VR0 ADBNuSH AT fopfand side viedreof a
semiconducterrdienwitl snetad viasciosmedli alopgdbersaw 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 vias 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 stackipgusing dirgct metal-fo-metal via bopdings .  ; cwsFIG- 15 illustrates the

semiconductor die with metal vias connected to a second die with solder bumps; FIG. 16
illustrates the”SEMTcontiREtGaRUNItA Wiefaf vids'cdnnettéd o aisedhid 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 numeralstepresentthe sameQr similag glepents; While the inuention s desgribed n tgms 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 cOVEPaREmatives hidtifications SivPequivarits amay e’ Mfuded Within B¥e spirit and
scope of the kventionas defined byrbeappendeshclaims and-theiequivatents assupported by the
following disclosure and drawings, . . he manufacture of semiconductor devices Involves formation
of 2 water At 8 DAl ot e L e oA T oo o ThCS8GS of Earstire and ofher
active and passiveedevices gerforhiing oveldrladre elédricakfunctionsiFot a giveérneer, teach die from

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

transistors and'GtHEF StV And pA8&ivardmboAshits’ BaRk-eHd MisnurBEIHng Feféfs to cutting or
singulating thé<finished wafeninterthernndividiial tie anddhengpackagirgy the diesforsstructural support

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

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

die. The active-surdface is tormed.by a-varietyof senpiconductoy precesses, ingluding layering, patterning,
doping, and heat tre%tgw%nuthgw ghﬁ?slag/ermg Process semiconductor mat%rl%lsoatrg grown or deposited on

the substrate 1y fethhiques Hvolving thEfMAraXdation, mitidation. Chemical Japsr deposition,
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 chip scale pagkages (WLP).are.commonly usedawith integrated cirquits (1Gs) demanding high

speed, high density, and greater pin count. Flip chip style packaging Involves mounting an active area of
the die facedBifrowsid &'ehiprdartiet Substrate’BF prihted Eireuit board (PCB)STHERICtVe area contains
active and passive-devicascconductiveslayess, iand dietecttigdayerssaccording-tp the-etegtrical design of
the die. The ?#?gt{{fgi gndo@egganilcal H[ne}relrccqcninoerg:t is Qieglcegitgéou%h gasoldelrS bump structure
comprising a large number of individuar conductive solder bumps or balls"The solder bumps are formed
on the bump padstghicharevdispesed opthevactiverareal ThecBwmiprgads connect to the active circuits by
conduction tragks ok fracestn the active argandhgseider bumps are electrically and mechanically
connected to the contact pads on the carrier substrate by a solder reflow process. The flip chip

semiconductor package pfovifle§ a'$hoit BlisctitA CoHd Rtionisth oM thefactiveSd&vices on the die to
conduction trabk® ondth@ccarkek sgbstratelin) orges to seducs signat prepagation,dower @apacitance, and
achieve overgll befiet cireuL pPrIIMANSE. g 11 qn LM RIESRNAisaUssIon & WP s prodged having
through-hole vias (THV) formed along saw streets. The backside of the water has redistribution layers
(RDL) for IntéteBnfieetflexibility Bepardted byl repadshationdayeis WEP Wik THWVJorted along saw
streets are desaribed nd-S.Ratent Applicatien analNeall 744654 entitled-"Through- Hole Via on
Saw Streets”, and further in U.S. Patent Application Seréal goBé1/768,844, entitled "Package on Package
Using ThroughFioTé Vi& Dié i Saw Strets™ whidit aFé' Indorporated’Herdin by feferéhce. Turning
to FIG. la, a semicondsictortwafer 80liscstovin hlavingi agpiurality:0f diei 32. The die are séparated by inter
die wafer areg,36, commonjy, known as. saw;steet guides .The sy stregtgyides are siouted around the

warfer such that there is a saw street on every side of each die on the wafer, i.e., around a perimeter of

the die. EachPdig 32 K58 a£pRirafty 18 tomtact54d <38 f6rmed dir &R Afive side 3ftHeURe Contact pads
38 are made of adginum seQpRer, wirsbuRtIurBiaopper @alioys s Comtact pads=38 eleetricalty connect to
active and passive devices thro conduction tracks or layers formed an die 32. The contact pads can
e Clapose S T T Totante oo SAS f Tho e Bt shows 1 I Tn Aftbhatory, the
contact pads Tah Beoffsét immutipleronscagth that ehfist eowWigfcortadctopads are disposed a first

distance from,the,edge of the die and asaecond:-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 COhthtEHAq f6F eleThiicHl ard methafiical interédnnectts &enipcarrier substrate or
printed circuibhoard (REBY.lectridEG. tbhdsa cresssectiohalview obwader 30, taken along line Ib-lb in

FIG. la, showing, die 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 the R¥&fe? fito individual ‘die CR ¥rsEGBITP i poS el 16 HRE feft BF tHE! isftrAoSES&W street 36. A

second die 32 is disposed between the.spwstreats36: Aethitck die32 is,disposed terthedight of the
rightmost Sav‘\égtrcegrtl g'c‘g)inocne tchreavc\:/ ];eroirsl S‘y}]l%mgg%dfier 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 crogsrsectional yiew taken along ling Zb-2h in FIG. 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 wafefBBtoForhoR wettdrtteAch 421 Thethdtfom tterictd2 1S dekirga K dicing tape 40. The
formation of trench: 42 arisessframra figst-singulation of watet 30 which exeates atrenehawigth that is less

than a width of the channeldof saw stregt guide 36 In FIG. 3a, semiconductor wafer 30 is shown
ted he reter

with its pIuralllti}%?]a?é) %ﬁ, separartganby cut saw street guides 36. Wafer 30 undergoes a wafer expansion
step to increase the width Bfsainstreet lidesl36. FIG b ixcadrosssertidral viéwisf wafer 30, taken

along line 3b-3h,shoying.the die being pulled using.a yyafer expansionstable asshovwy 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 STRPEVHFIGY 34236 To Sréat Witk <A Sfeet guides. In
one embodinent, thevdietseparationdaereasesrHfeomes micromieters (lanfkto 200 kamhIhe expanded

dimension depends qn the ggaigsn&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@BEEyrelyimider(Pd)s oracrylicieesin. k. 4bis a
cross-sectiongll view of wafert 30, gakeg along line O14b-4 , Showing organic material 48 deposited in trench
42. Organic material ISR reRER 22 oM icing tape 40 Up to the'top Sutface of die 32. In FIG.
5a, semiconductoriwaferc3®issshewn ayith its pharadityc 0bdies32 Sseparated by lskw streetguides 36 filled

with organic material: 48, A via hale.50is qut,into organis, 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@¥%hBodMhBAE coRtattpatis: 38 Aid VidHAES 50 ave d mirimdih?B8p&ration distance of
about 20 lamdodkb®lars,idepaendingan thes diameter :anal deptheaitheodarhe die,InekIG. 5b, the
cross-sectional view of r 30, taken.along line 5b-5h, shows via hole 50 cut into organic material 48
o 1o GIONLO0E 40 e Taskh dril SbTo b ceitort boit 1o Ehaael ol (e ey sureet guide
and makes a‘vlahbving a diameterigsstthan the Widet of renel 4 wivich |@avss atayer of organic

material 48 syrrounding viasholeSQ; 1The widthofdrench. 42 s dependent gndhewidth, of saw street width,
but typically smaller than the saw street width. The diameter of via hole 50 is typically about 10 lam to 100

Ianldependﬂa?ﬁ?ﬁufﬁﬂuﬁ&xfﬁ%ﬁﬁﬁﬁhpads 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,



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 spewp,Some via foles; 5Q are-dummy, viasperiorming ng gleetrigal function.

Accordingly, metal trace 52 need not be routed to every via depending on the device function. FIG. 6b is a
cross-sectioriaf Viele of Witer 36 Cfakerfalongdinec6h-Bbt Shbwing eI frack 52 Eonfécting contact pad
38 to via holei3e@.. In FIG. 7a, semiconductor wafer 30 is shown with its plurality of die 32,
separated by saw street gyideEsI%§ V\Qtah metal.—filleddgiats05r4.w% gg@dypti\i% material iskg)e osited into via

hole 50 through a depositiorﬁ process sbcﬁeénslﬁf%l?ingcor plugging to form metal vias 54, The conductive

material can Bétdoppe? (Cuyraluntiuat (Al audgsterepay asedlldys thereot, or Thixtessst other

conductive magerials; Metgl viasdSdare formed inand are surioundedeby. grganic dnatesial 48. Metal via 54
electrically connects to contact pad 38 by way of trace 52. Traces 52 are provided for each contact pad

and metal vid'Bafingds SROWRT EYEL 7bs a*trdRRidetibnbl Gield b tvafsr 36 %takdh along line 7b-7b,
showing metalefillegviacb 4 etectrically-connecing:tol contact padi38throngh trace252 whhetottom of metal

via 54 coincides with digingtape4Q;.; ;o JNElR. B3, semiconductor wafer 30, shown with its plurality

of die 32, separated by saw street guides 36 with metal-filled vias 54. Dicing tape 40 is removed. Wafer
30 is InvertedP3Uicls th&cdontaet pads S8taiy traees TWarefakirtd dowh! a2 shGHR 1 FIS Bb which is a

cross-sectionak view §f wafer 3@ taken along line 8b-8b Wafer sippertistauctune-56 is attaghed to the
bottom side of wafer 30. W%fe suggort structure 56 can be r%ld% fr%rs %ass, sil'ﬁon substrate, or other
material suitable for Stctarally sapporting the Wafer A Backeide ROI5E i€ fofmed Oh the backside of
wafer 30. RDtrs8 can 4. matkeewith triickel(Ni); mickal vahadiurdgNiv§CoyorCuialtoyt |RI8L 58 operates

as an intermegjate eqnduyctive layer, to, royteelegtrical signals tg-vapious areas of the die, including active

and passive circuits, and provides various electrical Interconnect options during package integration,
such as shovwit IFPEIGS 1P5-18" REYESsivition'fayer 661§ 6fitied Hetieeh thedhaividid nodes of backside
RDL 58 for elestricaliselationidfibe repassivatiaahayar can bawnade awth silicas rwide (SIN), silicon
dioxide (5102), silicon oxypitride (SION). polyimide, benzocyclobutee (BCB), polyhenzoxpzole (P30), or
other insulating material.

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 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



In FIG. 9a, semiconductor wafer 30 is shown with its plurality of die 32, separated by saw street guides 36
with its plurality of die 32 having contact pads 38 connected to metal vias 64 by traces 52. Wafer support
structure 56 is removed. Wafer 30 is again Inverted such that contact pads 38 and traces 52 are facing
up, as shown in FIG. 9b which is a cross-sectional view of wafer 30 taken along line 9b-9b. Dicing tape 62

is attached tq.the, bo; gr_pogggéq{ese@i@gpgug@f afen 30 fof strugtural syppert of the wafer during the
e

second or final singulation to separate die 32. Metal vias 54 are cut through center area 68 by cutting tool
70 as shown it EIG#9b! fh BneetfiBodiféntoRatting 561 70 ¢4if BE & Saw'sria8ef THE cut extends down
through RDL bfnto dising-tapsn6z ie gopipletely sevee mefal viasdbdivia twa equal haltf-eircle vias 64. A
pick and place operation removes die 32 as individual units fr icing tape.62. FIG. 10a,
Comiconductardie 53 e Sami i Comterd pids chhe et o el s 1 57 Racéd 52, FIG, 10b i
a cross-sectigialbdewsf die8x akeralory fitle 10b-10b, showing a metal via on saw street

configuration, as produced pyrthe magufacturing steps et Fias$.1-% Solder;humps,ar:balls: §2 are formed
on RDL 58. In FIG. 11a, semiconductor die 32 is shown with contact pads 38 connected to metal

vias 80 by trdtEs52. 15 b 115 crgss-SE&T 0 View bf Ui 320 taken dibhiie 116415 Showing metal
vias 80 alongvsaw stregi 36 Thetmetallfull ircle viasaateoprodutedsby-the steps described in FIGs. 1-9,
with the exceplipn.thal twg via beles ke 0 Are famegd side:by:side n organicapalerial 48 The
side-by-side via holes 50 are separated by organic material 48. Conductive fraces 52 connect contact
pads 38 and Vitthofes5¢ SFhélsitebyside id hote AR filted withlGordud@ie>Matértal to form metal vias
80. Indz &z ctRas 1sergicandugtordie A2-istshawr wittheentagt pads 38 conngcted to metal vias 80
by traces 52. Dicing, tape is applied to the back of semiconductor wafer 30 for stryctural support of the
waer during T T SR GGIATRE Se iite A 350aY Shollf RO Ty ol A iHBas sectional view

taken along limeck2ia-1Pbn Tiessecored of finalosingdlation toosdfdratenthelprealityrof die 321 cut through

organic mategial 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 sHéwhWith eBntdctDatioss coRRBLER b rhktal \ids BOIY tralkes 52. FIG. 13b is
a cross-sectianalariewlefrdje 132, daken atgng line 4 3bl3bn shewing aumetalvda Ondsaw street
configuration. The metal full-circle vias are produced by the s described.in FIGs. 1-9 and 11-12. The
ciie-by-ide (18 TS Tk B BrE sSEat Aty Grupnict Aintot a4 Cona v fiktes like 52 connect the
contact pads @rriviaitales sThe Sida-py-side Wia hotescarnfiidd adthtdondirstivetmasdrial to form metal

vias 80. The finakgingylationdoseparate the, plurglity of die32%is cutdbrqugh,organic material 48 between
the side-by-side metal vias 80 resultin%[in the metal vias on saw street configuration. FIG. 14
i

llustrates dir€Ct dieSddie StackingUsing Hifett Gia Metal EondihgAsiuf4iity of dfe 32 is stacked as
shown to suitsarpasticulangpplicationl. £&ch. of thieemetalthalb¥iasreh can4ie joined tegether as shown by

union 90 using.a direct yia metal honding procegs o solderpasie; Allernately, semicopdyctor 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’Serfrdneitetstdis is shown Stackednf the IRverted pesitontd make use of backside RDL

58 for Interconpiect ta othendewvices apgd packages hpt sbpwin).i RPL-58 is separatedand electrically

Isolated by reé)eassivation layer 60. The bottom semiconductor die 32 has solder bumps 72 formed on

RDL 58 separatbe%hby repassivation layers 60 for electrical isolation. The backside RDL 58 provides
intermediate Interconnect frorh Béldérshumps it tolthet activeeSerfadé of the bottony sémiddrrductor die 32.

The interconngction betwegn RRLs;in thedie-o-die siacking can.beused: with orgvifhoyf solder bumps
2. 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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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/gggw%}ﬁ@quggr ggr%lg%%yrggnggggp&glgfrM@ 406 through conductive layer

108. The packages are sealed by epoxy encapsulant 110. FIG. 16 shows semiconductor die 120
electrically cotietted 16 tHntdtt Fad 38 3t metaiSAds B2 orP80 Tt Boh& Wires 122 and conductive

layer 124. BagksisledRRY:. 58 eteciricaly eenfeetstoqactiveraircuitson dies32:angssolder bumps 126, which
in turn electrically connect to solder bumps 128 through canductive layer 130. Die 32.is supported by
Substrate 135 THe SAEades hr€ el by Eobxy st TH1: g ondaiil Fatdas 136 can bs used
for stress religktal trREG, 17 showsesdricorehictarcdiert4D éfectricalhacdrmected through bond wires

142 to backside RDL 58 of semigonguctor dis 32, Backside,RbL, 58 glecirically,connest toactive circuits
on die 32, as well as providing interconnect to die 140. Passive devices 144 also connect to backside

RDL 58 with 841te? phste 1467 Metdr vial B4 ERicHicdlK Eathect 6 SoldeY Hlimps 45 tHrough conductive
layer 147. Died2-3-stpposted/hy substrater 148ndhe tpackages<aresealed dyrepoxyeendapsulant 149.

FIG. 18 shows; seqicondugtar die, 1,30 5'%&%&%@%&%@?‘%@89& netalyyias 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 semiebndieist die 1BsorithsolderBamps4:62 BYwapbfBehd Firés 1641 pdndafires 166, and

conductive layer 468pBie 32us suppertecd by substrate; 140+ Ehe packagesaresgncased by epoxy

encapsulant %Zz'r AQ fLJndoezl[filrLrg{attgrigglg% ca b% uggg C[orC gtrsgs rrrlgléef.ri 1s Irg4 summary, stackable
semiconductor die hag béen tescribed with S formed i the saAw streéts” The Semiconductor die use a

redistributiontayer, séparatetchynadepassivationdayer; toinctedse sigralaoutingoptionsland density. The
RDL, in addition to mwvvpgogigeélr@e@r§L9£ﬂi§0%mgg&i0@@|iyoa@gél€§%tyé@it@% the package.
[

While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciat8thaf nddifiCatiotts: and Bdaptatich ST tHuseVembodirmentemaye htsde Rithout departing

from the scope af the: present ipvantionyas setferti in thertollomwsng €laims oss-sectional
view of wafer 30, taken along line 7b-7b, showing metal-filled
via 54 electrically connecting to contact pad 38 through trace
52. The bottom of metal via 54 coincides with dicing tape 40.

In FIG. 8a, semiconductor wafer 30 is shown with its

plurality of die 32, separated by saw street guides 36 with
metal-filled vias 54. Dicing tape 40 is removed. Wafer 30 is
inverted such that contact pads 38 and traces 52 are facing
down, as shown in FIG. 8b which is a cross-sectional view of
wafer 30 taken along line 8b-8b. Wafer support structure 56
is attached to the bottom side of wafer 30. Wafer support
structure 56 can be made from glass, silicon substrate, 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. pyerthe first spriaceelectrically connecting a.first portion of e copguctive vias to the

contact pads; forming a redistribution layer (RDL) over a second surface of the semiconductor die
opposite the fitstsutface e RBL Extehding atross HPeeSand stifface Bfthe Semitonductor die to route
electrical sigralsite @reas wadhetsecontiswiface includiag a eeptakeegien b the sepreonductor die,
wherein a segqnd portion of the cpnductiveyias,is electrically isolated from. the condugtive traces; and
with silicon nitride (SiN), silicon dioxide (Si02), silicon
oxynitride (SiON), polyimide, benzocyclobutene (BCB),
polybenzoxazole (PBO), or other insulating material.
In FIG. 9a, semiconductor wafer 30 is shown with its
plurality of die 32, separated by saw street guides 36 with
its plurality of die 32 having contact pads 38 connected to
metal vias 64 by traces 52. Wafer support structure 56 is
removed. Wafer 30 is again inverted such that contact pads 38
and traces 52 are facing up, as shown in FIG. 9b which is a
cross—-sectional view of wafer 30 taken along line 9b-9b.
Dicing tape 62 1is 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 with
contact pads 38 connected to metal vias 64 by traces 52. FIG.
10b is a cross—-sectional view of die 32, taken along line 10b-
10b, showing a metal via on saw street configuration, 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 with
contact pads 38 connected to metal vias 80 by traces 52. FIG.
11b is a cross-sectional view of die 32, taken along line 11lb-

11b, showing metal vias 80 along saw street 36. The metal
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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. 4.

The method gf glairg 1, fynther including founing.theconductive.yias side-byzside n the jnsulating
material. 5. The method of claim 1, further including smg.ulatln%the semiconductor device between the

conductive viasto s&patate theSsEmiioructordie 8 THE nisthsa of cigin? §, ffrtherihtRMing: stacking a

plurality of segigendyctordlie;iandrganic material 48. The side-by-side via
holes 50 are separated by organic material 48. Conductive
traces 52 connect contact pads 38 and via holes 50. The side-
by-side via holes are filled with conductive material to form
metal vias 80.

In FIG. 12a, semiconductor die 32 is shown with
contact pads 38 connected to metal vias 80 by traces 52.
Dicing tape 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
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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, +.farming.a plurality, of conductive fraces over the first sydage elgctrically connecting
a first portion of the conductive vias to the contact pads; forming a redistribution layer (RDL) over a
second surfabé bf Tiie $&nfitonaiictor die oPposite thE first Sttfate Wheréin'a st portibitafthe RDL is
electrically cennected to the caaductive vasnand acseconbpolivnieithesRBi .is electrically isolated from
the conductive vias: and, . foming g fepassivation layer aer the speond surface of the gemiconductor
die for electrical |soEalt|on Bétweern portions of the RDL.

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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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 including a central region of

the semiconductor die. 10. The method of claim 7, further including singulating the semiconductor device

through the cpggductiyg viasito-senarate the semi¢apductor die.,, 114 Thg,methad,af claim s further

including forming the conductive vias side-by-side in the insulating material. 12. The method of claim 7,
further including singulatirfg-fhe s€micstitfuctsrdevice betieetithe cbhdiitive\ias td Eeparate the

semiconductendie: ct3.dT he methodrefclaim 7 further inclusing sstaskirgra piuratity of semiconductor die;
and semiconductor die 32. Backside RDL 58 electrically connect to

active circuits on die 32, as well as providing interconnect

to die 140. Passive devices 144 also connect to backside RDL

58 with solder paste 146. Metal vias 64 electrically connect

to solder bumps 145 through conductive layer 147. Die 32 is

supported by substrate 148. The packages are sealed by epoxy

encapsulant 149.

FIG. 18 shows semiconductor die 150 electrically
connected to metal vias 64 or 80 by way of bond wires 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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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 conductive vias to garjagipads 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, wherein a second
portion of therwRBL is<electicay tsolated from 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.
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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16. 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. 17. The method of claim 14, further
including singulating the semiconductor device through or between the conductive vias to separate the
semiconductor die. 18. 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.
19. A method of making a semiconductor device, comprising: providing a plurality of semiconductor die;
depositing arffinsulatiify FftER4al abuntthid %m%%ﬁ%‘éforldié,lwlﬂﬁnﬁﬁﬁ BpEralit§ of conductive vias
through the insidating matetialis side-by-side in the insulating material.

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 vias; 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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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, wherein a second
portion of the RDL is electrically isolated from the conductive vias. 20. The method of claim 19, further

including forming a ygpassiyation layer qver th(,a segond surface.of the %%rpgp&giu&prtqijg for electrical

isolation between portions of the RDL. 21. The method of claim 19, wherein the RDL extends across the
second surfat8dt & sEmitdAductdr e t& Fout eldctital sigifald Tearéds oAthe §eohd surface. 22.
The method efrelags 19, further including singulating the semiconductor device through or between the
conductive vias to separate the semiconductor die. 23. The method of claim 19, further including:
stacking a plurality of semiconductor die; and electrically connecting the stacked semiconductor die
through the RDL anthcomiudting vids c241A methdthofmaking alidmicohdudtoradevics, ¢omprising:

providing a pluality of semicondyetandiesemiconductor 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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depositing an insulating material around the semiconductor die; forming a plurality of vias through the
insulating material, depositing a conductive material in the vias to form a plurality of conductive vias;
and forming a plurality of conductive traces over a first surface of the semiconductor die electrically
connecting a first portion of the conductive vias to contact pads of the semiconductor die, wherein a

second portiqn, afithe: condugtive vigs ig glectricallyisolated from the canduyctive traces. ;2p. The method
of claim 24, further including forming a redistribution layer (RDL) over a second surface of the
semiconductor die SppasitEte filkt stHatB vhereihy fifst gottion Of the RIE 78 Bfectrically connected to
the conductivewviasc6, T henmethod of claint 22, whereippmsecend portian of the:RPAcis, electrically
isolated from,fhe condustive vigs.. 27, The methad otglaim 25, whereln, the KDL, gxtends across the
second surface of the semiconductor die to routé electrica sngna?s fo areas on the second surface.

to the conductive vias, wherein a second portion of the RDL is

electrically isolated from 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 the RDL extends across
the second surface of the semiconductor die to route

electrical signals to areas on the second surface.

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

separate the semiconductor die.

18. 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.

19. 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; and
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28. The method of claim 24, further including singulating the semiconductor device through or between
the conductive vias to separate the semiconductor die. 29. The method of claim 24, further including:
stacking a plurality of semiconductor die; and electrically connecting the stacked semiconductor die
through the conductive vias. 30. A method of making a semiconductor device, comprising: providing a

plurality of semiconduetor die; forming ap;ipsulating,material aroynd the semicapductor die;  forming a
plurality of conductive vias through the insulating material;

surface of the semiconductor die opposite the first surface,

wherein a first portion of the RDL is electrically connected

to the conductive vias, wherein a second portion of the RDL is

electrically isolated from the conductive vias.

20. The method of claim 19, further including forming a
repassivation layer over the second surface of the
semiconductor die for electrical isolation between portions of

the RDL.

21. The method of claim 19, wherein the RDL extends across
the second surface of the semiconductor die to route

electrical signals to areas on the second surface.

22. The method of claim 19, further including singulating the
semiconductor device through or between the conductive vias to

separate the semiconductor die.

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

through the RDL and conductive vias.

24. 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 vias through the insulating
material;

depositing a conductive material in the wvias to form a
plurality of conductive vias; and

forming a plurality of conductive traces over a first
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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 and a second portion of
the RDL is electrically isolated from the conductive vias. 31. The method of claim 30, wherein the RDL

extends across fhe secordsiiace of the semiconguctandiedo royte electiical signals fo areas on the

second surface. 32. The method of claim 30, further including singulating the semiconductor device
through or betweeh thedorftfuctive Wids £ SeparatBths seinicBndttict die P33 THe method of claim 30,
wherein a first porton of the coaductive viasiis eleestsically connected torcantact pads of the
semiconductg]r. gise Vi’i;,[h etq% Ccopgggﬁi\ie tracgfa%ned a Eregon&peortign dof Ct@(ie &grpugéigg vias is electrically
isolated from the conductlve%races. 44 The metﬁod ot claim 38, further includ]fng: stacking a plurality of
semiconductor die; and electrically connecting the stacked semiconductor die through the conductive

vias. 25. The method of claim 24, further including 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.

26. The method of claim 25, wherein a second portion of the

RDL is electrically isolated from the conductive vias.

27. The method of claim 25, wherein the RDL extends across
the second surface of the semiconductor die to route

electrical signals to areas on the second surface.

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

separate the semiconductor die.

29. The method of claim 24, further including:
stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die

through the conductive vias.

30. A method of making a semiconductor device, comprising:
providing a plurality of semiconductor die;
forming an insulating material around the semiconductor
die;
forming a plurality of conductive vias 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 and a second portion of the RDL is

electrically isolated from the conductive vias.

31. The method of claim 30, wherein the RDL extends across
the second surface of the semiconductor die to route

electrical signals to areas on the second surface.

32. The method of claim 30, further including singulating the
semiconductor device through or between the conductive vias to

separate the semiconductor die.

33. The method of claim 30, wherein a first portion of the
conductive vias is electrically connected to contact pads of
the semiconductor die with the conductive traces and a second
portion of the conductive vias is electrically isolated from

the conductive traces.

34. The method of claim 30, further including:
stacking a plurality of semiconductor die; and
electrically connecting the stacked semiconductor die

through the conductive vias.
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