14 Decenber 2006 WAFER LEVEL PACKAG NG 5 Field of the Invention The present
invention relates to wafer |evel packaging techniques and shLlchufRps Mre
particularly, the present invention relates to formng vias In a wafer

| evel package. Background of the Invention 10 Wafer |evel packagi ng provides
a conplete electronic device package at the wafer level. This provides a
package having a high density of integrated circuits in a small or
ultra-thin profile package. Electronic devices and associated software
applications continue to dennMWAFERLEMEIL PAGKIAGINGEessi ng power from chip
packages. However, electronic devices that use 15 such chip packages have
continued to shrink. Thus, the demand for integrated circuit packages
having a high density in a snall ery: Elk: 3’1!3 5%% | so increased. Wile it is
desirabl e tsg design a new t he thatFlaa% L5 o he needs of the market,
such a design may Mok phsehciasihion elatdseaemfdr dsvelpidkabing Thhsiquds esd or chi ps
are connected together, e.g., stacked, to achjeve the desired density and
el ectroni c 20stagursst Yorgaidiculadyethe prasketghymntion relsted ta Hrming viehis® demands.
However, rmstgﬁ?/af er Iec\é(él packagi ng processes have not had industri al
success as suHICtiPGiRe&R8e equire a significant amount of wafer thinning
followed by etching or |aser dghbid-Behd¥QAEEENRALP Create through holes in
t he wafer |evel package. Sunmmary Ol e I'nvenii o 5 The present invention

i ncl udes @t hods f &Vafer lkem¢lipagkaging povifes wicampietaclestdrst deniee pavdtagdat
resulting stryctures. Trenches e nmechanically fqrged.in.the t si des of
a substrate. %?e‘?’%fgf]ﬁ@e]’( ﬁ@%ﬂ’ﬂ@é’l gdackage ‘Q‘Hg\?ihééig‘%s Pg?t%ﬂr%teg?orned. I n
an enbodi nent .- : ' [ mqfh ' [ j side of a
substrate andcgg@mﬁr%‘aitsﬁft%gdé aéél%%iage 0 ﬁ%&%ﬁ%@?&%tggug@%sﬁ%d the sawi ng on
30 t he fabri catsociatedisdfwarechpplichtivps@ontitne th ackesnd enoce nemoepaird ot her to form

the via. The depths of the sawn nto the two sides qgf .the substrate are
at least equaPreESIERIVIEIRE CBP RAEEstLEPNETE: ClPHTORC dRBERITHEASS t he

bstrat e qi i.ncl : P Do
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circuit packages having a high density in a smaller package has also increased.

While it is desirable to design a new die that meets all of the needs of the market,
such a design may not be feasible or ready for market. Thus, dies or chips are
connected together, e.g., stacked, to achieve the desired density and electronic
20 capacity. Wafer level packaging is used to meet these demands. However, most
wafer level packaging processes have not had industrial success as such
processes require a signi:ﬁcant amount of wafer thinning followed by etching or
' laser drilling processes to create through holes in the wafer level package.
Summary of the Invention
25 The present invention includes methods for créatiﬁg athroughviaina
substrate and the resulting structures. Trenches are mechanically formed in the
two sides of a substrate. Where the trenches cross through vias or holes are
formed. In an embodiment, the method includes sawing into a fabrication side
of a substrate and sawing into a backside of the substrate so that the sawing on
30 the fabrication side and sawing on the backside cross each other to form the via.
The depths of the sawing into the two sides of the substrate are at least equal fo
~ the height of the substrate. In an embodiment, the substrate is a wafer that

includes aplurality of dies each contaiming integrated circuits. The integrated
L



circuits, in various enbodi nents, formnenory devices, logic circuits and/or
processor circuits. In an enbodi nent, the nmethod of the presggbmbdieerd i on
includes formng trenches on a first side of the substrate and form ng
trenches on a second side of . th ubstratei?o.formthet rough vias at
the i nt er sect PEHAEY Tt FASioRs SHERGICRE, Fer Ny oRRR SIS OB AT B ¥or mi ng ¢ he
trenches. |n ghcesbpdird®iRt, the trenches on one side are orthogonal to the
trenches on the other side. In an enbodinent, trenches on a fabrication

si de of the substr & en embodiorent dhé methad of $rerpresest invantion implydds fosming t he
trenches forned gn thesé}at(r:k or on-aﬁrt've Ei de of 1Q the substéa@e%fre
formed beneat HER4REs §F &8l S19e,TGE Sibstrate; 408 GPune FRieres P& SePORdedt i ons of

the trenches t Vi inkddsdchig S.  The
di nensi onsgof ﬁ{&ﬁsnelb%%tg}ﬁq %\?itgéggglzghd%%;%%ﬁﬁgd&%yﬂtﬂgewﬁ‘{fﬁ%&fs the trenches

formed on eacHosnide influddsensohbsicaliy formittptheirdtdiss.om athembodineht shear e
determned by the w dths, of the nechanical cutter used top create the

respective tr BRRdkes PR eng 8ide grerdrpeenaldo thedragiesLnba e sidendi ki al to form
a contact or i j ] : t i e to the
back si de. In&gﬁg&eﬁf%gitdr?gﬁﬁs dngag%ggg%ﬁsohg?dee %%réel%‘g?%feta%%ﬁ%g%g%g%aﬁ% trenches,

whi ch cont act sir&te Iacaretiodinéa, theenclosdoeiedroniht dadlabr non-adieetshie@dgh vi as.
Met hods and structures of the present invention further include the 20

nunber of 10r ethersalstraie msdormed pracpthdhe diegar pfegraied eigputsy Jws4R8 how t he back
side trenches.rel at. | ! nunber of
trenches for nB F%&ﬁ%ﬁ%%@%ﬁ&%ﬂﬁ% owlﬁrgﬂ{seu gélgg?%sggé;&gggg&fsgé%g | ess t han
the nunber ofhéomeeneras obthelthugh&fas abddasrnenhDisly RRvidtHshe thwmdehenf
trenches forned in the back side of the substrate are equal to half the
nunber of bonfrmsd eagsch siHe obsgubsitaie. aFle wilscdithelrerchsp ara deismgtedvi a t hat
IS positione j e_r Lvie die. : b pads to
t he through \cjll) as .e%ﬁﬁa%nc’f en%lgghfa%gc%g ?Nt;%gkﬁ%rtg}é%?eg%g??%%%%e %%l% hgﬁgt hey

al t er nat e 19hi thowhddss Btludba cdhéuctéhayedxtte fistnl o camacttdresmnidiiagiont bond
pads are connected to conductors in through vias qQn opposite sides of the

die. In an emsesiirpadhe taposide ??tﬁéégbsﬁiﬁ@@@hf‘g%ﬁi% In gniepebiodiBenti n t he back

Trenches in ChETicRe g GRR FEYenc R G0 o AP UGRpRIA B HEY 1O

the conductor miaterial in the through vias.

Methods and structures of the present invention further include the
20 pumber of trenches formed in the back side of the substrate and how the back -
side trenches relate to the die components. Tn an embodiment, the number of
trenches formed in the back side of the substrate are equal to or less than the
.number of bond pads on the dies. In an embodiment, the number of trenches
formed in the back side of the substrate are equal to half the number of bond
25 pads. The bond pads are connected to one through via that is positioned adjacent
 the respective die. Traces connect the bond pads to the through vias. Inan
embodiment, the fraces are formed so that they alternate which sides of the die
they extend to and thus; adjacent bond pads are connected to conductors in
through vias on opposite sides of the die. In an embﬁdiment, some traces are
30 parallel to trenches in the back side of the substrate. In an embodiment, some of

the traces are skew to trenches in the back side of the substrate.



In an enbodi ment, the nethod of creating a via through a wafer includes
providing a substrate with at | east one integrated circuit ,14?3541%39 defirst
trench in the top side of the substrate, and form ng a secon trenc% in the
back side of the substrate so that the second trench crosses the first

trench to forma Hnehreobgdingd, the meghpdeofraentivgt via threegiuwesr icdudefsert ed

in the through via to .extend.fraomthe top, side to.the back side. .This forns
an edge contact and P -ad%@sgﬁggﬂﬁxea&ﬁ?agho &' Fﬁgfar%%&.'?]ﬁ%?' E"magﬁae of the
substrate to GNPkt @sidt BEHRaeKstHhs] an@Forhhify 8 et afeBleh I thaBagTbodi ment ,
bond pads are on the substrate fabrication side. The bond pads. are

- connect ed to tsiie afdhesidistrate sbrihadthel @combidichemossenthisdiokt tyinde tecfommact | s
formed at one end of.the second trench and .connected,tq the conductor. In
an embodi magr:t, ek Vi H’balb‘?)rﬁg% n‘é?&"?@?‘ﬁ‘&}s H%SGS%%%&E%HOB&YIMO back side
trench. In an j ook Wigkhethid Aehydss 6&)%;, hdi ng the back
side of the sfggﬁg%@%@tﬁgtﬁe?ﬁe bag gi;i 'dg‘hils essgﬁt?%l y&ggﬂgﬁanar to the
back si de contpaetideslbeohmeetidinfiomethé fabticithun qidesiht sisiat tbarcoptaovdmles a
met hod for stackin i nt ggr ated circuit gev_i ces. The nethod j ncl udes

B

provi di ng a fithebacksifs ¢ifhesubshatey di Ay cwbpdigneathopd drds areop thesubgwaieed
i it devi d : i i i th t t
o' o top ot de Sy Efgh BHECTRY B Bilstee coflllcBde MIREAbUBRTE Dot on the:

backsi de ofp t kenHodirsdnt sa/bsdkrstdecconitact Rafbrhdieatswee@nd of thet seediniteschAndd f i r st
trenches intersect to formthrough vias fromthe tgop side to the backside

of the first saprectesite the pordicionbBrmembodinges hethdde eantadierreifpiardads
| nserting a cARAGlOle hOboud 8 LA 2 LABokhd: b SR AN GTalilfest OP S1 de

and the backside, connecting e Co one o € plurality

of first integsiarding thebhdk déybLds sufsuascntattbbhdlodi@s iswateptiallyicl udes a
plurality of 25 second individual integrated circuit devices separated by

streets, is céhplasarda thobackgiderqoniact.substrate. In an enbodi ment, the
plurality @f second ] O ' ' . L .2 CO 0.t he first
plurality 1§f i nt eg(}gi e gC| rgﬁﬁ?%ée@#géé%}g&égﬁﬁgé%%spaa@?%ggggrt%aé; connect ed
first integratgdoaicditchit devices sTiandetaed arthdek pragdiag adirey substidte devi ces are
separated fromthe other pairs of connected first 30 integrated circuit

devi ces and sésditing aplrlayed festivtgertedeliceib deviees sparatatiotitivelit, the net hod
el s 1o TR AR S e LR o PRl (he second
forming second trenches on the backside of the first substrate so that the second
20 trenches and first trenches intersect to form through vias from the top side to the
backside of the first substrate. In an embodiment, the method further includes |
inserting a conductor into the through vias to form contacts on the top side and
the backside, connecting the conductor to at least one of the plurality of first
integrated circuit devices. A second substrate, which includes a plurality of
25 second individual integrated circuit devices separated by streets, is connected to
the first substrate. In an embodiment, the plurality of second integrated circuit |
devices are connected to the first plurality of integrated circuit devices.
Connected pairs of the connected first integrated circuit devices and secdnd
integrated circuit devices are separated from the other pairs of connected first
30 integrated circuit devices and second integrated circuit devices. In an
embodiment, the method includes forming third trenches in the streets on a top

side of the second substrate, forming fourth trenches on the backside of the

3



14 Decenber 2006 second substrate so that the third and fourth trenches
intersect to formthrough vias fromthe top side to the batksidgo@hodde
second substrate, and inserting a conductor into the through vias to form
contacts on the top_side and t he backside. In_an, enbodi nent,_ the method

i ncl udes conreeierbeRatess ters Saothind gng foyrBhgenohaeintrenct toorpitioseh ty of
second i nt egr\%geﬁ &'t@%‘t‘d tsi{?e%'tﬁ@% c1J[s eao'}tﬁé‘é%g& Lerate i ihOufii b, tr enches
are formed bensatfat: l&ast: one- of € second i ntegrated circui devi ces.

In an enbodi n@ptuctbhiitd Herthfdbulh @NEhe Sorf Eontdcied thekdp ide endO@ibiekdide. t he
trenches and saw streets of the first and second substrates are aligned

prior to di cinrsg eni@dimerinthoanstbed inghudeh eoypeetigibe icandustordn at agionected to a
met hod of _formng, a,substrate.leve] .package .of two integrat circuit

Govi ces. The HHbhEHETHET HBL i ERaRgonT Frves JBR FPRPERR 16 ng o |
plurality of flffitredbiRS FERMBY BEndivh atIbdseBASof thh Sedohll $hteSia difddt udi ng bond
pads on an active side of the substrate and - traces connected to the bond

pads, form ngldvigest it mmeerobedimient, theefostth drenshesaredintap Ibanséndeodimenthe fir st
substrate, form ng _second trenches_on the backside of the first . substrate
S0 that the SBEGHRECHE NG NEK SEFRE P1 BLITtHad SR SHOSTALS S RESRBERCE it ough

Vi as fromthedi&gg side to the backside of the first substrate, and inserting
a conductor Tntd the through vias to formcontacts on the top side and the
backsi de. 10 The fi rAh esibodiniait ef % rerenemivedidnds dirseed trda metimidredt €. | n an

enmbodi nrent, the 20 first and second substrate are forped the sane. In an
enbodi nent , tRENMEAYubgtERte 1@@@%%%@%%@&%%% GefradeMStodach

ot her. The ] : i ﬁﬂ\ifa t,..| east ane
of the bond%ﬁ?ﬁ%ﬁ%@r‘%ﬁ g%ltt et tregggelg&fﬂgla anﬁ§' 0 ?tbn%%ét)%ep%%tee%sbglcond
substrat e i nctedestha fipstulied intlpdoily oad pads omah adtheaide dfthegrbatrad agdr cui t

devi ces separated by streets. The thod further .ingludes, in 25 an
enbodi ment , é‘aﬁﬁﬁ%eqn%te@ﬁ%tb&mﬂngmag f@@@%@&%&f@ﬁ?ﬁ@éa thecfogts 08 b devi ces to

the first;pl ural ddye ﬁ{'séis?ﬁs%g%@?&%jﬁ. Eéb‘dg& trfeoHe€ 67 R§BELAHL g sConnect ed

pairs of the connecte Irst integrated circurt devices and second
i nt egrat ed cisubstrdte salthat thesedortnrdnokesndefirsipednchesafitecmonecived thirongh
integrated circujt. devices, and

[ eorat ed ol dey] cet i, SRSM il graLed clr el dovicee i an
05 1 e, SR 0 ol 8 o o, HENAE A BN 001 o
first integrdihedirst subsirite deadnnectadth & swond subsireigr dt enl embodiment, the
20 first and second substrate are formed the same. In an embodiment, the first and
second substrates are mirror images of each other. The method further includes
connecting the conductor to at least one of the bond pads using one of the traces.
In an embodiment, the second substrate includes a plurality of second individual
- integrated circuit devices separated by streets. The method further includes, in
25 an embodiment, connecting the plurality of second integrated circuit devices to
 the first plurality of integrated circuit devices and separating connected pairs of
the connected first integrated circuit dévices and second integrated circuit _'
devices from the other pairs of connected first integrated circuit devices and
- second integrated circuit devices. In an embodiment, the method of the present
30 invention includes encapsulating a pair of the connected first integrated circuit
device and second integrated circuit device. In an embédjment, the contacts to

the pair of the connected first integrated circuit device and second integrated
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4 14 Decenber 2006 <circuit device are at the backside of 'one of the first
and second integrated circuit devices of the pair. Thus, &ﬁfbbﬁ’z%oﬁ'ev' ce
fabrication si de of the substrates are connect ed toget her ana gned. In

an enbodi nment, bond th rst nd i d.ci.rcuit
devi ces are 08%%1 feacy %pﬁgﬁ\?%&g S&‘g‘?ﬁ#_l %fsﬁalbe%%‘kgﬂ g\? €8s, In an
enbodi ment, t RevikEAcRge phir! TRud, &Hééct@@ﬁeﬁ@@%ﬁcaﬁdﬂ S8 af @d sGhdtfatistarglevi ces
are connected to provi de comruni cati on between the devices. In an

enmbodi nent, t kenotediogadher and aligeed Enmughb«)dlmnbﬁhqlﬁéldmd@ndthesﬁmtsmdate are -
connect ed to t he onduc%g the throu gs of é%e first .substrate. 10
' Furt her feals?ﬁo mifgra &Sglcﬁsfar?ﬁ E’g APV P IRIcAEOhe | as t he
structure andypRaL. sibedi ment vention, are
descri bed |%n et al f}%@%owe\;s\i ?#19 gr encgtto t%g@é%%%%%@@ﬁé&& rd;vm ngs. Bri ef
Descri pti on ofnteheteDreaviingsvicés e vennbeed dovprevidutatmanieatianv/betgean fibur al i ty
of the. 15 Fi gure 2 is an _elevational view of a artlal vvafer during a

processi ng st 8pVicee dBEBicHpodBneie thsroadpttons iy the thryeh F"F%ﬁﬂ idhgsgegnd vi ew of
the Figure 2 I ing a
processi ng stgfg)H tan]cgeoaf%\ggr’fg{etc%%ﬁglegcr%ggéﬁ%llsi)ﬁrl\@leen gh@% gure gﬂt&s a plan view
of a wafer dughtgat ocessing thereof according to 20 the teachings of the
present invention. Fi gure 5 is a top perspective view of a wafer according

to the tedéhi ngs ofurtherfeptnessand afvanisaes onthemrefgreingention apwiellaathser spect i ve
vi ew of a waf c eption. 25
Figure 7A is c%&re\%]ng grtaﬁgnlggﬁ%n&‘ I?qbs rzijgst' 0%@% ‘fp ?ﬁfgﬁ%%ﬂa U%reth
enmbodi nent of désl&ﬁb@d B5@diil bElyenkitiofefereh@tb €he/cbpanyiap dviveineof a parti al
substrate according to a tither_ _enbodi nent of t he present invention. Figure
8A is a partial top perspecti BsiefDssgription ofthe Prewingsiie. 30 Figure 8B is a
partial top perspe%%&gl\é#lg‘% gfsubasuF{e% Sfaﬁ?%lgfa@ﬁrgfc%re 9 is a partial

a g

bott om perspective View o i e accor
' 15 Figure 2 is an elevational view of a partial wafer during a processing step

according to the present invention.
Figure 3 is a view of the Figure 2 partial wafer taken generally along line
3-3 during a processing step according to the present invention.
Figure 4 is a plan view of a wafer during processing thereof according to
20 the teachings of the present invention. |
Figure 5 is a top perspective view of a wafer according to the teachings of
the present invention.
Figure 6 is a bottom perspective view of a wafer according to the
teachings of the present invention.
25 Figure 7A is a top view of a partial substrate accordihg to a further
embodiment of the present invention.
Figure 7B is a top view of a partial substrate according to a further
embodiment of the present invention.
Figure 8A is a partial top perspective view of a Figure 7A die.
30 ‘Figure 8B is a partial top perspective view of a Figure 7B die.
Figure 9 is a partial bottom perspective view of a die according to the

present invention.



present invention. 5 14 Decenber 2006 Figure 10 is a partial view of the
Figure 9 die. Figure 11 is a partial view of the Figure 10ifh&cabiSbo@
processing step. Figure 12 is a partial view of the Figure 11 die after a

processi ng step. view of a. die a rdin . the further enbodi nent of
the present invent itEO(ﬂ%JF%Sﬁ QBPIZIag?,&Wi%%geF’@B%/# “of an enbodi ment of a die
after a processingpighel1 ifhYHHRAI +3K dfYhaFiaR M 8 0kr AprRERadi gmNt of a die

after a processing Step. Figure 14 is a bottomview of a die according to
an enbodi nent of t Megurgé02p0s eperial viewsrftthoRiguf budie afisr & pragessingsftepd assenbly
of a plurality of, di ccording.,tq t teachings qf, the present invention.
Figure 16 is %@??ﬁgéﬁs e@?%plﬁgt%mer%%g@&@%ef‘%tmm%%odi ment

of the present 'nV%%L}requliéaEggwe%&f?aﬁéﬁqo%ﬁéﬁso%ascﬁ@aﬁ&%myasﬁw of a
partial wafer stack the present 1nvention. Figure 17B i's a cross _
sectional viewtepaken generally along line 1713-17B of Figure 17A Figure 18
irs a perspective view of a singulated die_stack of the present 20

i nvention. Figure Fogyrs 13Bgp afon view drnsmpediagy ofedst disig nrecestingnbodi ment
of the preseg{ invention. Detailed Description In the follow ng detailed
description o ®Phe inventi on, reference is made 25 to the acconpanying

drawi ngs whi ch for migurpantis Heoreh viewnor i diewetekirgtos@mboditynt wiiyheof
i.llustration, specific enbodinents in which the invention may be practiced.
These enbddi mrasentdpecrd@deri bed in sufficient detail to enable those

skilled in the art & I | ' [ L her ' y be
utilized and str ugﬁélrrgllsq% %éﬁ%%%ﬁ?asgérﬁﬁglggg?F?%t?%gﬁgér%gg&gn%?ﬁgtﬂT"lrf;de w t hout
departing 30 tdenmgher @eopaeaf inkbgiogpr esent invention. The terns wafer and .

substrate used
Figure 16 is perspective view of a wafer stack according to an
embodiment of the present invention.
15 Figure 17A is a cross sectional view of a partial wafer stack of the
present invention.
Figure 17B is a cross sectional view taken generally along line 17B-17B
of Figure 17A.
Figure 18 is a perspective view of a singulated die stack of the present
20  invention.
| Figure 19 is a plan view of a package according to an embodiment of the
present invention,
Detailed Description
In the following detailed description of the invention, reference is made
25 to the accompanying drawings which form a part hereof, and in which is shown,
by way of illustration, specific embodiments in which the invention may be
practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized
and structural, logical, and electrical chahges may be made without departing
30  from the scope of the present invention. The terms wafer and substrate used

herein include any structure having an exposed surface onto which a layer is

deposited according to the present invention, for example, to form the integrated
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herei n include any structure having an exposed surface onto which a |ayer is
deposited according to the present invention, for exanpl e, 4B:ct@pdrbie
integrated 6 14 Decenber 2006 <circuit (1C) structure. The term substrate is
understood to include sem conductor wafers. The term substrate is al so used
to refer to seirrebdEhetrestues (Thsttemesuhgliptedyuptesdeediongsludn semggndustdrude

ot her layers that haye, been.fabhricated her.eupon. . Bot. h_waf er. and substrate
i ncl ude dopedwfﬁ Su %b%’al Sbstidle 5 %ﬂ%%&%?ef%f& 5P RPAUCIRR SERCHRES or | ayers
supported by %uﬁﬁ@ﬁrocé%iﬂé}%ﬂ@ﬁf&ér%clﬂde dtASUb P Othat BSvelRkh fasicatcner

sem conductor structures well nown to one skilled in the art. The term
conductor is timderstoddth wafarahd debstrsenicodeldenedrand vadopadhe term i nsul at or

is defined _to include any naterial. that i |l ess electrically conductive
than the mat ers?r&}@n‘g%ﬁt%rrs’r%wi%ﬁ é@n@ﬁ?@’t‘f&ri@gg SRR }?%?g%%ﬁi ng detail ed

description i §er [ REARIG & infifhtof, 9s BR]ILIKERr EdinRohduBidr RUcRRASFr1 and the
scope of the present invention I's defined only by the appended cl ai ns,

al ong wi t h t héndwh o swogellaf inche axntalTha tant @ndhétohissudbrswloditortnchrde enti t 1 ed.
The present description enpl oys a .nunber, convention where the first
(left-nost), RHBICOBLYHITE; %ﬁe B m%@%tohlrséiegﬁﬁ?alﬁ%mg% agy,@a*fqn@hhgt Bunber on
which 15 the " ' = j T erents wll
have t he samal%gggggﬁ%a |B |&gﬁfgﬁi%%éyh%g?lggggﬁgéé?éﬁoéaéﬁgi‘sstra%e, waf er,
or base | ayer félfowitgde@iiad eebchiptibhi, therefenf haino X0 thkewhe s imidXng kehséhe figure
nunber, e.g., 100, 200, 300, etc. The present description uses_the terns
"top" and " baéRd thgserpe efthe prosent IDyentign indelingd onbyatseths arpgnded clafpegr at ed
circuits are y ,5:? i ch the

| ayers that f%jg)El anﬂﬂa%ltl;l i%\l/%g:% * gg?ﬁ?gé@%lﬁﬁw hssﬁlpﬁgﬁﬁrﬁe%%%enaﬂ?%}?ned. The

term "back" ref er s The ptdrent dgérpticdfenifleyssanstbatcentaiieatwhetdtheditst ace on
whi ch active circuit structures are forned. Figure 1 shows _a wafer 100 that
i ncl udes a pl (egimes)). sroshsignifigantchgif(s) ors thegmeasdhe figwmnagbse enivhighe by saw
streets 1Q8. i ch.i €1 i i tacts that
provi de cg?}wﬁ{é?ﬂb%ﬁsl%%te&ge‘%c@g@gg h]tﬂéégé}ta ec}glf:%g%gfln% yg%ﬁ"%@?é %‘i%t@s out si de
the substr at eleancighificant dézidi Fol Bfample, tAasutstriefwaiitor bapclayelds a nenory

circuit. The menory circuit includes a dynam.c random access nmenory (DRAM.
In ot her enbod¢sgiesd Phige fRRAYFoR 0y Phere “X” is the figure number, e.g., 100,

200, 300, ete.

The present description uses the terms “top” and “back™ when referring
20  to the substrate on which integrated circuits are formed. The term “top” refers to
the surface on which the layers that form an active integrated circuit structure are
formed. The term “back” refers to the region of the substrate beneath the surface
on which active circuit structures are formed.
Figure 1 shows a wafer 100 that includes a plurality of die 105 each
25 = separated from adjacent die by saw streets 108. The die 105 each include
integrated circuits and contacts that provide communication between the
integrated circuits and circuits outside the substrate and die. The die 105, in an
~ embodiment, includes a memory circuit. The memory circuit includes a dynamic
random access memory (DRAM). In other embodiments the memory circuit
30 includes at least one of SRAM (Static Random Access Memory) or Flash
memories. Additionally, the DRAM could be a synchronous memory device
such as SGRAM (Synchronous Graphics Random Access Memory), SDRAM
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30 includes at | east one of SRAM (Static Random Access Menory) or Fl ash
menories. Additionally, the DRAM could be a synchronous neppy..H8% 2666 such
as SGRAM ( Synchronous G aphi cs Random Access Menory), SDRAM 7 14 Decenbe
2006 (Synchronous Dynam ¢ Random Access Menory), SDRAMI1, and DDR SDRAM
(Doubl e Data @ﬁr@lﬁlﬁﬁ%@ymﬂﬁw\@éﬂdoﬂﬁA&%@@Méﬁd@psmmmﬁ 4aRAMBR and ot her
ener gi ng mem)r%technolo es as known in the art. The integrated circuits

of the die 105 atadvete SEBM%@W@H@S@W@HW@IW WERM 5
further includ t
on & chip. it ARE SRS petOfk Rifckilles dda PO ELE he slfigde @ system

structures, ecficyitd (FIh€ diedi0b Sl dnSergtitdliBADASire Ibgl'd'(ﬁl@ults-[ hBieSiay Iﬁi}f eets 108
do. not contain integrated circuits. The saw streets 108 define non-active

areas of the ﬁuﬂﬁnmhgiam@pe@son Hihe @GE@i,rlaﬂéewodﬂmllﬂel@Chud@@SYS’Q@il@inual
dies 105. 10 Figure_ 2 a d ew of a tlal rate,

waf er, 200 thétcglpi W hﬂ)mﬁ ac‘fafdt‘{f rSJFtIBf “ﬁfzr”&ﬁ"é%s 585 1?5}& ude
integrated ci geiitSmROlmosoemks tﬂ@ésa@wﬁrefe%hros%tlﬁﬂ cHalint3pRed ques known

in the art, such as etching, [ithography, deposition, doping, etc. A
portion 210 otirtiits. éEHa%w&heetﬁOOS dafnenon-adskianed oﬁﬂlamksﬂnaclwherhaemenot

contain integrated cirgcuits. on 210 15 acts as base for
suppor ti ng thé‘?@gﬁe\}é digp S’é’bﬁ{aiii% 1b$1t egrated circuits. The back
portion ingl udes aF?%E&%HS&@?% g4 devt Bﬂg&ﬂﬂ?ﬁbb@&t@ &g”&%%r"‘ﬂéd‘ﬂaﬁ#bﬁ rate
handl i ng equi pnent ot shown ur| ng fabrication aw street 208 is
formed inter m&sapﬂMh@lo&"@@S A"hﬂdmds@lﬁ}ﬁomﬂudmmt@ratadﬁmmtsa(hmgned with

t he saw street 8 and recessed, osed. bottaomtrench_ 216 in the
saw st reet 2081}0ergéhazt@r¢ @uﬁms 3}85 Gvinin Frﬁﬁd?‘%?éﬁ?eqh%ngfor med by

cutting a kerfiq al nches
216, in an e%@g&%ﬁ?,dq}%?ﬁ%%a&oﬁggggnﬁ 01 Qlé% %gugg%ae%ﬁgq}t%%ﬁches 216,
i n an enbodi mdefinedesttenbacky doas mneomaxdenﬁagratddanmujjst Th¢ bakOfbrtion 2He ot her

si de of th substrgte 200. The trenches 6 are.li.near. The Wld of t he

mechani call cuf‘-‘ft%PS FRFIPRERNG e@ﬁﬁd’ﬁﬁr‘“&f shrenians intagrated cisopgls. |

enbodi nent, hz%ﬁide&%ﬁ&fs&%a@e&fl%a?% dﬁﬁ?coﬂtﬁbt th & !sm?,nt’ the
sawbladelsa0|rcu ar saw bl ade t I's nounted to a rotati ona drive
such as an el batdling equiporent{ (not sbdvmymnngrfﬂamammbl Achawadtmagzw&m fomteglr

cutting circunference inclu rmnd mat er.i. al. ration, the
rTechanlgcaI 1r171fterme ate edlesdz%% aAn:tec anical cutter 21§1s ahgne e e Saw street

208 and forms a recessed, closed bottom trench 216 int the saw street 208. The

20 recessed trench 216, in an embodiment, is formed by cutting a kerf in the
substrate 200 along the saw streets. The trenches 216, in an embodiment, extend
the length of the dies 205, The trenches 216, in an embodiment, extend from
one side of the substrate 200 to the other side of the substrate 200, The trenches
216 are linear. The width of the mechanical cutier 215 defines the width of the

25 trenches 216. In an embodiment, the mechanical cutter 215 is a saw blade. In an
embodiment, the saw blade is a circular saw blade that is mounted to a rotational
drive such as an electric motor (not shown). The saw blade along its outer
cutting circumference includes a diamond material. In operation, the mechanical
cutter 215 is aligned with a saw street 208 outside the outer boundary of the

30 substrate 200. The cutter 215 is first brought into contact with the outer _
boundary of the substrate 200 at the saw street 208. Mechanical cutter 215 and
t]ie‘ substrate 200 relatiVer and linearly move such that the cutter forms the
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cutter 215 is aligned with a saw street 208 outside the outer boundary of
the 30 substrate 200. The cutter 215 is first brought intoj£eaLa6i-20béh the
outer boundary of the substrate 200 at the saw street 208 Mechani cal -

tt 215 d | a d | that th
St form it ias Bt SisGto dae cemoiiinens 8BS cut i Sad iRy B | Dot e
embodi ment, t hg. GiLESE zaé%ldv%s %19%%@%%&&9 ztbenﬁapaﬁt@&lﬁegpawmves

relative to the cutter . I'n an enbodi nent, the substrate 200 is
stationary andubémata:m&mmtanmﬁarméﬁer@it@rEbi‘emoae&mt@ab@theaﬁubstraté:he cutter
215 is positigped so t

of ttte subetr h@CEH?F21%H§P%’%B°]g%?f%°atg§“gg‘fts%gg‘?%esgﬁ’rsggfgezﬁl] i ngt rSat)gdy

200 where'snz%gﬂ%%&l%%asgu%@ézooe T%tt%glsg&ts ﬂ1rﬁtﬁe}@rgt@ofﬁ%ﬁ&%edzo gHowever ,

the -cutter oes not cut conp roug ase portion 210 of the
substrate. Thalerdis and Wheruh betiveXhfegrdtehcicsuiatatenfybtibeted. r Eowbes, 226 does not
cut through back surface 211. In an enbodinent, the cutter cuts into the

base portion 2uierclSidess 1ot %B%Itlplﬂﬂyﬂlrﬁ?@%?Weﬂ%orﬂ%ﬂ%%oﬂhéﬁ@fé@tezm bei ng
open at the subsirae %R&Zl%%%%cc?e%n#tﬁﬁgagﬁgp? bgés%t@ﬁt % m of the

trench, which™s s’pace upwar e back sur c

Accordingly, shea@@itien aﬁémt;oament fiheclitteeraRastodAS bide pabiesH 2macbffthé he
t hi ckness of the substrate 200. In an enbodi ment, the cutter 215 forns the

trenches tl§ oﬁ@bsmaw fThlmeStﬂm @léhegﬁn@resQhébalagen%@t@@éu@@@fe tPA an

hi cknoss of NG AR Pd bRinsgh T e e oh AR an e i B ot ocess

described her gpwaidy Hepeat ethshare AR RuGhcd 18 . YRWorlAES] the chitera Seviadi nent,
the cutting process described herein is repeated for only those saw streets

208 that ext étmnfmh@s%laﬁfeabputeltﬂtlmnﬂ@pbtqaa@f@ﬁéuwm2® Injag this

enbodi nent, the.s e.tr er t h ection saw
streets 208 tﬁ%’tb lﬁ%ﬁnuéﬁecﬁ né%g : e‘é‘re%" n%?'{o ha&%%ﬁ‘éﬁ?eiﬁn%@

subst r at e 1300 s@strate 001 tHhah epiboaRsH e etﬁérmstfbmwee%en&wa% B t\%lo- A
mechani cal cutter 315 is positioned adjacent the nonactive substrate back

portion 310 c#rtdsithe Mickmaenoidhesubstrateci00; fe ax gmbodimant. 3bocutiing proces
enbodi ment, the. 5 E’éhér &ﬁ&%%ateﬁf%%é{- B%?ﬂ%osé%r snteQ% gn%&%“&%en%%%e are

f or ned. In ane ate sane ori atlon as

the Figure 2 c@tﬁhgpf@te@s EQribgicheréia igRpbasd fcﬂc|on15Uﬂth£E sawl Sirdes J03shit oned

beneath the substrate.
extend in a same direction or that are parallel. In this embodiment, the saw

20  streets that are transverse to the same direction saw streets 208 that include
trenches 216 are not cut.

Figure 3 shows a substrate 300 after further processing of the Figure 2
substrate 200. A mechanical cutter 315 is posittoned adjacent the nonactive
substrate back portion 310 containing back side 311 of the substrate 300. In an

25 embodiment, the substrate 200 is flipped after the top trenches 216 are formed.
In an embodiment, the substrate 300 is in the same orientation as the Figure 2
substrate 200 and the mechanical cutter 315 is positioned beneath the substrate.
The mechanical cutter 315 includes the same embodiments as described herein
for mechanical cutter 215. Cutter 315 is aligned with the outer boundary of

30 substrate 300 and first contacts and begins cutting at the outer edge of the
substrate 300. The cutter 315 cuts at least one back trench or kerf 326, which 1s

shown on the top of Figure 3. The term “ back” refers to a back or base area of a
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The mechani cal cutter 315 includes the sanme enbodi nents as described herein
for mechanical cutter 215. Cutter 315 is aligned with the pubgembouogkary of
30 substrate 300 and first contacts and begins cutting at the outer edge of

the substrate 300. The cutter .315 cuts. at l.east one. back tyench or kerf
DG, whboh s vl BNTH an PE ORI Croyit RS S R I B SPBPES (b

back or base apea Rl fea %%e%gf%%%%%ﬂ@ 8188 QfcutBRIoRERs Ot ch

integrated circuit layers are that “supports the active area and
does not cont diatk aehdhvE24 3tae frasitte dalfithecthidknesichentstrat€360. Raekatk ench 326
is at least to half _the thickness of the subsgrate 300. The_back _trench 326

i s about hal f emneh pR¢ iahouthelf therbicknass of Besubsirnte 300 Baghackwneh3396 5 i s
| th f i i t,
 the back ot olelr St B8 AKERIAR: bRy SHRRRND, B hfboBlERNE, £ 500

In an enbodi ragk tre@cH328 Rlabbiyt ok-thiad ket thizRe e of BGudEieaté Q0METh #eneat h an
active area of a die 205. The back trenches 326 are out at a different

angl e t han t hemhsgimentemphedlity pBbackgeanichesciR0l ape fqrmed diepeath o aetivsfarethe | C -
fabrication side ¢r 16 .10 an he back trenches aie . transverse to
cach other. | A AREABbATHERER FRERR ARt PRS2 GHTORE P IORLLo4%8 "and 326
ar e ort hogonalgenbibsa 66 HRHREGIHIRINE, thd diRsctighd §Cthe WD FalRfcatife siHE @REARS 3346 and
326 are at about 90 degrées with respect to each other. In an enbodi nent,

di recti onsl®f apthéha bashdtrash@ LR 6amIraBsEemse & each cdivayuin 4% entbgdisesnt, Whe h r espect
to each other..In.an odi nent ir ions of th 5 trenches 316 and 326-
are at an ang!dérc‘étf‘?r{jroggﬁ%&eﬁﬁ%?’5%%‘1??%88 %%Cgla&i ‘?néel%‘)ﬁ]gl@?me t her .
enbodi ment,  digi8ehdRT 188 trkktied § RNGRER 4 e 88Ut D0 ABe3dOwRARBE& 187 € at an

angl e greater than about 10 degrees with respect to each other. The
trench(es) 326ach ethtnrived embodindep: dirachiats efibis drsnchee Ml b anpBP6arsadtl y cross at

I t f the t t 6 i,nt ti 327... T
e sect | ons 999 45GTHRIoZ8 S GO ROES oAb oy A CRTORAR BRERIE OF O ¢ he
substrate ff5 r $fenchlB 18168 334 krd £ shRBle DRt R tRSREANGs dBacks wigde 321.

However, the substrate 300 remains in a [large scale formfactor, e.g.,
waf er. That i sgspactpbgrci othyr. dh adiegdbodiBent ediractionoeiitbe treuches 316 anth 326 her

LI oush the DO S4s 36 L5588, 34098 BHRRL i 55000 RBBeS RS TR (1
?gy/verS] E |r g‘r’f S.  InefiH(8s)B 28RN Formed b8 HEph ehaA BRusS BRI thykRallP BroBs ASEAE
one of the top trench(es) 316 at intersections 327. These intersections 327 form
20 through holes (apertures) that extend from the substrate first, top side 311 to the
substrate second, back side 321. However, the substrate 300 remains in a large
scale form factor, e.g., wafer. That is, a plurality of dies 305 remain connected
to each dther through the non-cut back region 310 of substrate 300. In an
embodiment, the back trenches 326 are parallel to some of the top trenches 316
25 .form'ed in saw streets. | |
Figure 4 shows a substrate 400 according fo the present invention.
Substrate 400 includes a plurality of die 405 separated by saw streets 408A and
408B. Saw streets 408A extend in a first direction. Saw streets 408B extend in
a second direction generally perpendicular to saw streets 408A. Top trenches
30 416 are formed in saw streets 408A. A plurality of back trenches 426 are formed
in the back portion of substrate 400. Each of the back trenches 426 extend under

~ aplurality of dies 405 that are linearly aligned in the second direction. A
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Substrate 400 includes a plurality of die 405 separated by saw streets 408A
and 408B. Saw streets 408A extend in a first direction. Spmnhsleh8&:90408B
extend in a second direction generally perpendicular to saw streets 408A.

Top trenches 30 416 are formed in saw streets 408A. A pl ural iqt%/ of back
trenches 426 awaitighback franehse 486 extcpdpndes sael alignsd died® aoniersseh of -t he

back trenches ) @HB i L ' . i nearly
aligned in theeéékg?:gfr%%%d?%&gbﬂlg %ﬁl h%gt%%égg%gl}&%%%%%%%@h% ?égof back
trenches 426 eheg 426dahreathisd 4ned fifhed4d heinttricotietisethe topamid of the
top trenches 416 that extend transverse to the direction of the back

trenches 426. buplk Gergheyie 4297 Thedatlardhond29.Ha haillaptsaed pwhedisfent.he t op
d back t 416, - 426, Th 1 4 in the il t ed

enbod ment 5 & SHEPBRATRS e por0Re B SREFR ORR, ekl Y foss

Accordingly, BaekheslagehRs fdAbing@sdt@ibnd OF tRrduhi&ekih efptreichidikergh Vi as

with any trench or kerf fornmed in the saw streets 408B." In the illustrated
enbodi nent, ndotmehinlessaw sireskf0fE Inrthe Hskatad smbedingemt08Brerfhguare 5 shows

a top perspectjve vi of sub te 500 according to an 10 enbodi nent of
the present i %‘i’ﬁq]ﬁ}ﬁﬁé%§ '?eg"tééﬁo includes a plurality dies 505 bound on
two parallel sides P?ym%%V!hé%%.%?pé@ﬁ%’ci@@%e@ﬁofﬁ&b@.ﬁ%@%%c&éﬁ?'tb% si des
by trenches 516. I n an enbodi nent, the trenches 516 are top kerfs formed by
mechani cal 1 utehibodimdttief Brgkesenbimyentiore Sidbsirate 500 indlodescf plsmabist diag 20500 i s

mechanically cut to form back.trenches 526. an enpodj nent, t back 15
trenches 526 2F8" 8?%08%“3%133& ?S%ﬁaW%Fﬁ.50%@BSB$?gfh?éﬁ‘é@?)afgﬁ%{nd back
trenches 526 igfeehsechcits 558.711"19:1&{&%8&54%8%&1«:@& 5K %gg@]ﬁe giely

through substrate”500, 1.e. fromthe top'side to t st de. Each of the
di es 505 furt bgmechmobaidastingrithejads, mRactiBolediqeansti@BOf sbstrate G0Uict | ve

contacts that arg el ectri ca%l connect ed ég he inhe r at e%ckﬁui ts of die
505. The bond "F&ds™s CubEp EEMTECAE 20t B &7 PRpPdisnenkths to the die
505. I'n ansenbQgdin®nbe atdierfRoRdiesRARa nadth atke pPINSChe&k T6ddiqads in a

package (not shown). Bond pads 530 are fornmed by netalization of a
nonnmasked ar e&enthes$86 waibmects0027 Bofodmphoeigh 3tks eatending avarblémbythebiughf r om t he

cgoe o 0 Rl R Bp Sl PR ALLSER AOPRAGLEP Pocs

includes bond pads 530. Bond pads 530 are conductive contacts that are
electrically connected to the integrated circuits of die 505. The bond pads 530

20 form connectors to circuits extemal to the die 505. In an embodiment, the bond
pads 530 are connected to leads in a package (not shown). Bond pads 530 are
formed by metalization of a nonmasked area of the wafer 500. Bond pads 530
are formed inwardly from the edges of die 505, the edges being defined by saw
streets 508B and top trenches 516. The bond pads 530 are formed in a line

25 essentially centered on die. That is, each bond pad 530 is equal distant from the
two trenches 516 that bound the two opposite sides of the generally rectangular
die. Further, the bond pads 530 are positioned inwardly on the die 505 from the
saw streets 508B, which as shown in Figure 5 are not cut or trenched.

Figure 6 shows a back perspective view of a substrate 600, which is the
30 same as substrate 500. Substrate 600 includes a plurality of active circuit side

trenches or kerfs 616 and a plurality of non-active circuit side trenches or kerfs
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25 essentially centered on the. That is, each bond pad 530 is equal distant
fromthe two trenches 516 that bound the two opposite sidespRiendbBSo006
generally rectangular the. Further, the bond pads 530 are positioned

inwardly on the the 505 fromthe saw streets 508B, whjch as shown in Figure
5 are not cut % tTg‘ér‘i’E?ﬁ‘élEﬁS HOGHAE26 ¥iraddraasvsEaeno Fatspaeh Preial of a

substrate 600, i i : L€6 . t%in?c}u% :
i ncl udes a pl L?regqélhta{;u%a? a%?ﬁvgglclﬁ cuigté%%?gg&g%o?enc%e)% fgrﬁﬂllg%ér S ?g]@%hd a
plurality of non-acIHeweiddi ofthe torsireheches 21 3¢6, 416, K&6,fis an Bhhbbdinbdecanber 2006

626. The trenches 616 and 626 _extend transver seg,ilo e %h of her, essentially
per pendi cul ar faEnaHaEsRH2 peghamuca culier o &l e e dpe Hidigof thestop diershase t hr ough
vias. The w dt he [ enbodi nent
are forned b %@%)r%ygqu%%hﬁééﬁgg %ﬁ%&?c a%)? '5?‘%‘?‘?{3%% ¥ of the top

trenches 5 (kgédhsdicaraatemly nidket Beinsdlias of tHehebseaband,cab, 404, 560 or
Accordingly, the nechanical cutter OM makes a si ngl emgass on the substrate
fif e

200, 300, 400,60800 fom omOErf. ol hoked prdh ke, STHY, ke adiment, G3gbosi6W in
an enbodi nent ,,..S_.about 2 1 I onget er kerf wi,dt.h 416W 516W in an
embodi ment , i5086%‘8{0&3‘36%3%6gﬁﬁ%@@@tﬁ%’%ﬁe@@w R he back
trenches 326, H4babon?f0@hfcrdeRidalhd Ridihef e bhbistrodchich 826,006t sRGHes. | n an
enbodi nent, the width of the top trenches are greater than the width of the

back trencHes eqildothe wiitishoitbe topptaeriched. Tsubsmbatiangoothe adthiofdhatdps a ful |
die 705 bound  between t 0 renches . 716,. which in turn abut two outer
di es 705 that “&P es&ggqe\é\ﬁéféﬂaglﬁ%wft%oighe%gkﬁg% “Fncl ude bonding pads 730
that are positi One¢igLﬁe@A1§hoWsr'hep£‘gﬁ@gb§ﬁ?e SRS infudbd £ il Giel705 bbénd

| ongi tudi nal di nension. Bonding pads 730 are positioned on the substrate
top surface 72gtwden tan teprisentihee i ¢, viunkl imgrpatd twi 30tea dies70P thpdsiet i oned on

t he back bstrat f . j nt ted. ci i i the. die d t
extend i nt ot REHEH MRV DIl ok Blmecetine Reibdr) SeLarspRdPG: ads. 730
ar e posi Ui anedink el af the R0 98 16 AT Rsioe B G 9adfr 20

embodi ment. The bondi ng pads are equal distance fromthe sides of the die
705 as defi netk pyitidied vndae fubstratedop Turfese 2731n axemhedimeninbohdinppadh ng pads

73010, 2050 SABLASkA ol Sl S585 ik el FIER FERheals SRHIER, Y 1
conducti ve matiey digldomdt bRend O I oAl REvd Bdok REEOK OF 8 lsMbstRfD eBGtAcCt s 732
pads 730 are positioned longitudinally from top to bottom in the Figure 7A
20 embodiment. The bonding pads are equal distance from the sides of the die 705
as defined by the trenches 716. Traces 731 extend from the bonding pads 730 to
edge contacts 732. Traces 731, in an embodiment, are formed by third
metallization processes. The edge contacts 732 are formed by depositing a
conductive material in the through vias 727. Accordingly, edge contacts 732
25  extend from the substrate top surface 721 to the substrate back surface (not
shown in Figure 7A). The edge contacts 732 thus are formed in the substrate top
surface trenches 716 and in the substrate back surface trenches (not shown in
Figure 7A). Accordingly, electrically communication to the integrated circuits in
dies 705 are made from either side of the substrate 700 through the'édge contacts
30 732 formed in the through vias 727, and through the traces 731 and bond pads on
the substrate top surface 721.
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25 extend fromthe substrate top surface 721 to the substrate back surface
(not shown in Figure 7A). The edge contacts 732 thus are {oppRgstivobbe’
substrate top surface tr_enche_s 716 and in the substrate back surface

~trenches (not shown in Figure 7A). Accordingly, electrically conmrunication
to the integrated cl}lraﬁll?il’t@%%em & SubgyBte, igﬁ%'aée‘fw AOPHAALEHE of the

substrate 700 qg% ]m%ﬁ‘%& f eg%ql i ugh vi as
727, and througzﬂél?%%ggé aglels ?L a Oﬁlgé,(p)tgggfegr\]ﬁ{t eﬂis%%c{arggéggﬁop surface
721. 12 14 DedemieY and0B6 thrbumglaviae Wi dinrerdmbddiaecrst s thraags7 F043e fenedat ed with

a.non-conductive material except on the bondjing pads_ 730, the area whereat
the traces 73PndpRof themeaFoafectivsanaterial grr.y Eadnnioy of {hs ngp-ORdudivient , the
traces 731 are_for . . - ct i i yer.. Exanpl es
of the non-%o%laaﬁ%{lﬁrgdg&%%%%%g’ clgrg%flg ecaggpgl#i %f{e&sll?en%?%g%b%k%%gaggﬁ | ant, and

benzocycl obut eness 73hed thfoagh $1aéF27 andlfonhed Ugihe braas fré 6f teendror med in the
areas free of the non- conducting material. The individual dies 705 are

separat ed frogpeductingeaterinl. The exdiviguali desniPSare prpatded Seordhe adios®tand
conpleting the.cuyt through the s ate at tyen 716, In an

crbod ment, ¢ AV Phena® srEt st mpl e e AR Sar1y
cutting. In agyyraeditiBRtrendh TI6NUniaf RBOHREIRAWOWicilBSRhe dld(s embodi ment ,
dicing is perforned by water jet. Figure 7B shows an enbodi ment of the

subst r at e 1000 pesfhingdd hysmsthanicatly cottinghdn s brsbediment lising isrpeEfogue@ by A except

some traces 731E are angl with .respect tag.,corresponding traces 731 shown

in Figure 7A z}ggr.glrgsa&qng%o Wﬁ?teﬁlﬁpgfgg%rgﬂ?egiﬂt‘%t?@eg% are formed in

i ntersections 727. plfige 7Rl b8 Gh lcRBSdifdeht BF te shbdtRMINOM) AH18Sh Ishithg tgubst rat e
700 where the top trénch 716 crosses a back trench. In the Figure 7B

embodi nent, sdresubsimate pheisn #8RIRure BA ateppoung fresse d3 1Biareengled ovtbr a back
trench. Thus, the trace 731B that nects .such bond pads .730B are angl ed
so that the bBEf‘fBe(ﬁaEQ@IEWHE‘%Pg tﬁa8esgﬁlesglﬁg'nd%m%? 9‘9‘32A&f FeRPEiTSB: t he sane
back trengl agiaeReaes TIVBFmbddn GRERE&IAE 709, The abRE&IYnsIONdPad 730.

This allows the substrate 700 to be formed with fewer back trenches than
t he nunmber of tHyowngh heldsin7Be sutr8e®. 700rwiare drelfoplinmectt 716G ¢resseontback s 732 are

number of backetRerBBE RGP 1 SHROGreEt o7 (ool Ratt PREL Sk ab b tetedbnd prds

directly over a back trench. Thus, the trace 731B that connects such bond pads

730B are angled so that the bond pads connects to an edge contact 732 formed at
20  the same back trench as an edge contact 732 connected to an adjacent bond pad
730. This allows the substrate 700 to be formed with fewer back trenches than
the number of bond pads 730, 730B. In an embodiment, the contacts 732 are
formed at each end of one back trench at through vias 727. Thus, the minimum
number of back trenches or through vias 727 is half the number of bond pads
25 730. In an embodiment, all of the traces 731B that extend to one side of the die
705 are formed at an angle. The traces 731B are not perpendicular to the top
trench 716 or side of the die.
Figure 8A shows a top perspective view of a single die 805 that is
separated from a substrate, such as éubstrate 700 shown in Figure 7. The die 805
30 is diced from the adjacent dies along both the saw streets in which a top trench
was formed and the saw streets in which a trench was not formed. Die 805 has a

corrugated back surface 811 due to the plurality of back side trenches 826

13



25 730. In an enbodinment, all of the traces 731E that extend to one side of
the die 705 are fornmed at an angle. The traces 731B are nQipRehigngiscul ar
to the top trench 716 or side of the die Fi gure 8A shows a top perspective

view of a single die_ 805 that is . d froma substrate, such as
substrate 7009 i the mpgqﬁlée?ortrm@%%i giate 3Gaghso fgﬁ%é@ﬂ??‘%ﬁcl%@%dj acent

di I b d dth
Stroets |n whiGh B et RhE BELS Hel KREER bR (R TaD Al et ad back

surface 811 de@bsdimieie i atkagddtgsnfgfthb ade cintletd $3Nhhese 32@sdBlelforecenber
2006 forned in the non-active portion of the substrate. Each of_ the edge

contacts 832 thgien,sidegndackpt hediee lprnambadimpntsthetbaciesirfasadhésviol. The die-
805, d 8 hat
Socessi bi 65t r I eRbEain i BEGKANE e gRURR e R SSpRONN AR (el P2 BEC ok

surface 811, Wib&dimeht, HRSSacRRlrfEQIRIAI P gARIIME 116 BRKRIof She ddgeground until it
is essentially planar. In an enbodi nent, the back surface 811 is ground to

t he back of tmt@mg@?cohﬂgc’fhgbmmﬂﬁ@ éilt%o@%khe@pﬁa@esmkag@ dround, the

di e 805 ka d th ted t
further Suporiedbsymls eRuERiot dehte pblihlE » Hithe SR Moo 806 i ¢ ot
| east equal tgubBmBHTRR MRhbet @ B&Hlptrélﬁﬁés Sisiat leta&%qgélﬂtﬁ t@é'ﬁurﬁ@é}tdfct i's

formed in each back trench. In this enbodi nent, one back trench 826 is cut
so that i f0pasmdypads 83¢ifithe unkj'eme@netauuﬂdomgmidn&aﬂl baohdrepomt EcthisB32 i s

f d at d..of h, back t h 826 th ft t 8B
shows a ( OB”S@SQ%%WEEW e T08 it Sn Qi asees gt eptheuicrs oy Baadht ' ©
i nventi on. BHR &%ﬁa%@@ﬁ roghanst Rrdaq SR RckArhackss §38  The bond

contacts 830 are not positioned directly above the back trench 826.
Accordingly, ¢dgaofthed81B extend, at an angle to connect the bond pads 830B

to the contacts gé Oﬂf% ontact 832 is. formedfat t(flach en Oﬂ]tﬁ trench
826. The traces 838HS W O TR e eAF P Y O PROP iR eBtfo % die 805.
The tracess 831 B L0iRERIH. mc@m1% Heddy £ E3RRAH phs $IAF RS BREED t he back
trenches 826." In this enbodi nent, a back trench 826 is cut so that it

passes di rectTl;cHumde:@ntactsrﬂQOBmdnonmhtRﬁﬁdd@aeﬂwdg:efecthmlb@kttrmwé formed at
cach end of  REacky ke th DL o 10958 XLkl hlBoPias Wpp200s 831

are parall el
the contacts 832! One contact 832 is formed at each end of one trench 826. The

traces 831B are at an angle relauve to the edges of the die 805. The traces 831B
20° are at an angle with respect to traces 831 and the back trerlches 826. In this
embodiment, a back freneﬁ 826 lé cut 5o lhat it passes directly beneath one bond
. pad 830. One edge contact 832 ig formed at each end of the back trench at both
'.edges of the die 805. The trac : '-'":"831 are parallel to the back trench 826 and

_ _connect bond pad 830 to one edge contact at one edge of the die. The traces
25 .831B are nonparallel to the back trench 826 and connect bond pad 830B to an -

- edge contact at the other edge of the d1e ‘The traces 831B are parallel to each |
other In this embodiment, the numb er of back trenches 826 is equal to half the
number of bond pads 830. Thus, the number of back trenches 826 that extend

B under a single die 805, in an embodiment according to the present invention, is
30  inthe range of equal to the number of bond pads 830, 830B to half the number of
bond pads 830, 830B. o
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connect bond pad 830 to one edge contact at one edge of the die. The traces
25 831B are nonparallel to the back-.trench 826 and connecis BrgrRado830B to
an edge contact at the other edge of the die, The traces 831B are parallel

to each other. In _this enbodi nent, the nunber of back trenches 826 is equal
to half the nunberFigtrefogwsadhe 889 thatispsmilafe thefiss0S shownakFigtEnthes 826

t hat extend nder il 89 i e 805 71N, & | ' : he

present i nven'lt:h|1lolr1:rl,aisl%C 4|I:%m?%ee"lrégvhgl\édno? eaggﬂﬁ&?@at%ﬁ)tes nun%ggig di %rqg pads
830, 830B to hadiiddsheplaratibest ibsirite beckoreeh8396 B30Ee fdrncihcbeaipner 2006
Figure 9 shows a die 905 that is simlar to the the 805 showm in Figure 8

but in a back thepsprtinveation.efccoidings thekack shifers Y p coumgated 911 of die

905 includes a plurality of, substrat.e back ch e forned
accordi ng to %PREH%Es gnl%%ﬁ??‘&&?@%&%ﬁﬁ? %qe%}e eﬁ%%gcﬁg%cﬁygiﬁ’f %% 911 has a
corrugated 5 poedy ARGFeseDtdtBR otk b iHehRurRRE o idi@NBINGB A AGuBdRtSslge _
contacts 932. The the 905 is representative of one of the plurality of dies

that form a swtrdirmgdabricetibar Hiwdvay frdsrlieadillutrativhaelyersinglediesil e of
illustration only a single di Q5 is shown in Figure 9. Additiopal dies
woul d be conné%flé’&'na’in AE§MeHe é@%@gnﬁ@qsﬁ@u\i\gb?)?omﬁgteé%ﬂﬂﬁ? Sléﬁ%%{]‘gﬁt es and
waf ers as des%g,(b:%gg‘?%gmg.Su%gtrﬁgeggﬁ(pwgt@rssﬂ%c&eg%wgn 1035 of die 905

i ncluding one b trench 1026 and a regi on of the substrate adjacent
t he back side trendhgureichows egiodinrhES Srdidico@Eninobmlirtecorfedrank sikde back si de

trench 1026. It wil e recogni z that this portjon 1035 repeats itself to:
forma conpl etﬂ@n\éﬂiL é(,BZ@md %5?&%361 %fetﬂ? RbsGais agb'f"ge‘gtﬁ%%ha‘ﬂ?ﬁl té‘iﬂcg @ﬁlérench 1026
is a recess that ' b i ' Lhne
renoved, e.g. ?@%at ,ﬁésvxgﬁt&%?%t?ﬁ%ﬁg%sbta?gtglfg@glﬁgég}%%qig?%w%f) ng%l(hby t he
uncut regi on diattliepstiontI086 ecpdatipiesetfdotfant s cdfiffltteadie, fooexmublatdic888h end of

the substrate portion 1035 al with and at tge ends of the back side

i.gned
trench 1026. ﬁﬁéh%@%amea%ttrem%éo SRGECEX Hehaas hEl8seHBIFIrE MHE026 but
i ncl ude enaughogk gasddd yhByamst e.%%he%mm%tﬁéa%saafefﬁa%id%g?taaf)f the

edge 20 contact 1032 is essentialfy~Coplanar wth the trench interior
surface 1036. definglibetht insitowsionlvd tike gubsteatd Edfccoptactsi 1032 203fbraéd er f urt her

processing ous BSY RDAATE I ncludcsa beck cantact el LB e
of the edge copkathcH18%. THE edge contacts 1032 do not extend into the trench 1026 but
include enough area to form a side contact. The back surface 1039 of the edge
20 contact 1032 is essentially coplanar with the trench interior surface 1036.
Figure 11 shows the Figure 10 die portion 1035 after further processing.
Die portion 1135 includes a back contact pad 1140 in the recessed trench 1126 in
physical and electrical contact with a back surface of the edge contact 1132, In
an embodiment, one contact pad 1140 1s formed at each end of the trench 1126.
25 The contact pad 1140 is on a portion of the recessed trench interior surface 1136.
The back contact pad 1140 provides back contacts that electrically connect to the
bond pads (not shown in Figure 11) of the integrated circuit through edge
contacts 1132 and traces (not shoﬁrn in Figure 11). The back contacts 1140 are
formed by depositing a conductor in the trench. In an embodiment, the back
30 surface of the substrate is masked then the conductor material is deposited in the’
unmasked portions in the trench 1126 which coﬁespond to the contact pads areas

at the end of the trench. In an embodiment, the substrate back sﬁ;rface 1s covered
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an enbodi rfent, one contact pad 1140 is forned at each end of the trench
1126. 25 The contact pad 1140 is on a portion of the recesgef.th68%006
interior surface 1136. The back contact pad 1140 provi des back contacts

h | i [y, I bond d h i i gl f th
e arhtod o o S RATE e ot e cognrenthds T “net P ettt Segah, Tn
Figure 11). T*a%géﬁ&hiﬁgfmgta%ﬂ%%@%g@gm@ o1 3Bghdy Ogagﬁliadre@ecaa&@nductor in

the trench. I n an enbodi nent, the 30 surface e substrate is nmasked
t hen t he conduehfart wih étd @lgeicsnideiro fomeHadkreonteets Wrle dk ed epbotiinoms i n t he

trench 1126 which correspond to the contact, pads areas at the end of the
trench. |n an beplbeentaEnare fPH%e‘glﬂﬁb@?ﬁdd?"éalﬁéélﬁ Fpac iﬂée@g(% L 14

Decerber 2006 cobtydtivd il &eh hfeb Bthsithe bI% OGS GRS ol nyalhe

conductor nateri eposi I'n an area at the edge co cts 1132

and i n physi cakcépidorehebadld eakactcomoact with the edge contact to form back
contacts 1140. In an enbodi nent, back contacts are forned by third netal

redi stribution. | nHBgredBslipweavack ewpiameicn 1240 ofdhe subgirakeaifisr 8 t he

substrate bac urface and ks . th tch cept f.or the-back contacts
1140. Figure 1¥ %@ﬁ%ceaﬁﬂ%gtﬁ\?isg%%ﬁe%orﬁg??%asl%égmolp%%geslﬂbﬁ? ate after a
further procegsiih Bf45tiAcu8ssiN Al trRR 4O thiBhe agdjash@adiuprdidedur e 11. The
portion 1245 includes both substrate regions that are adjacent and uprai sed

10 rel ati vid t aeleties todb backenesich 1226, Thgsubstrbistportion pbAY inglndeths tienedlt udes t he
trench 1226 w one edge cont 232 al.igned,w t.h ch end of .t he trench.
e back sonti3e? "1BR5 Bes Sed Tead AEAaHaT SHeni R Y Y B s BrfE

upr ai sed substhatag: 12A0GK friell 36 Bachletddf M &lRhi 1926 P TAE SBFhideal sabdtivee t 0 bot h
the trench 1226 and the back contacts 1240 is sul;fm;ct ed to back grinding to

bring the baclkadosirfice 4242 40hielsis upraisglnelatiap kyboth dharendl B26ondiiie to the

bstrate b f . That is..the . substrat ' dj t th
rench 1226t RE CRET bR e Rered Btrd rod e P ARG S B a0l 1350 "
surface that kfo@ssaally plabhyr elatishshth tdihk RebdaatdbaeRRlAEES 1324 0rhatisgiee 13A

shows a top view of a finished die 1305 according to the present invention.
Di e 1305 i ncl sdestrate nskiona pdjrgend thegomgh 1336 theg gera idtcubare removeds® thaids, whi ch

comest e BT B SR b S PR L
1332. The edge contragirs 1323BowbalitiiGied dTorfidided e 1565 4dRrdibg fme of the die
and present invention. Die 1305 includes a plurality of bond pads 1330 that are I/O
20 pads, which connect the integrated circuits internal to the die to external circuits
(not shown). A trace 1331 connects each bond pad 1330 to an edge contact
1332. The edgé contacts 1332 include a portion on the top surface of the die and
a portion on the side of the die extending from the die top surface to the die back
surface. In an embodiment, the die 1305 includes at least one upstanding,
25 conductive contact 1350 on at least one of the edge contacts 1332, In an
| . embodiment, the contact 1350 is a ball contact. In an embodiment, the ball
contact is a solder ball. In an embodiment, each of the edge contacts 1332 is
connected to a .contact 1350. Die 1305 has a plurality of traces that are generally
parallel to each other and perpendicular to the sides of the die. Accordingly, die
30 1305 has back trenches (not shown) that only have one edge contact 1332
formed in alignment therewith. Thus, the number of back trenches is equal to

the number of bond pads and traces in this embodiment.
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a portion on the side of the die extending fromthe die top surface to the
~die back surface. In an enbodinent, the die 1305 includesgp.lEastizogne
upst andi ng, 25 conductive contact 1350 on at |east one of the edge contacts
1332. In an enbodinent, the contact 1350 is a ball contact. In an

enbodi ment, the balfigure dABabows g tep putntetiviuicl. oflafinishedrboddferithe dach of

th d t 1332 | e t . tact 135Q0. Di 1305
bllural y of - dicdidss BafnpP ol FEb Iyt BuFRa etatior i nartap &
per pendi cul ar obﬁ%s&éa)%dgésd&%@fﬁetmsﬂtﬁe AU S¥HoVitacti i€ cdhel @A BaS back

trenches (not sShown hat only have one edde contact 1332 forned in
al i gnnent t hebend pd 13Huthroushe traseiids 1 dfat saaddo dlrgnnd weth the peigofibddeo t he

nb f d d in this enbodi t. 16 14 De 2006
Pl gure 1389 h6okiot | 47 BPCHOER PLIL° DR ERE YV FCUNEAeRLS R905L RO o
| ncl udes- pai r %bBLd@Q&“l?ﬁ?th%?’i%éoft ?ﬁ%aeﬁr\ﬁt%gﬁﬁgg‘gb%t?ct@aﬂe %@é’i%ﬁ%d

positioned at oppoOsite edges t he the pair of contacts

i s connected brteads standnpkdviiiBREpdditioihgledge bf hedic BBIS dndavith sespdcs @ al i gned
with the pair of edge 5 contacts 1332. The other of the ﬁai r of. contacts is

connect ed by Hettrased 3353 gubediment theagmbesoBcemagts L 33hee carilghed with the

air of conta . 1 I j r. to the
Page of the tRategbatol GBAR 1503 Tne GRS flotlafd BoMrb B EIRERE 10 LY
t he nunber;gof 18BN isdedsThdn3he nﬁﬁﬂeﬁ@lﬂﬁindgq'z!ds bo3hapddesomictd Mg fda2d. The
g

nunber of back trenches (not shown in ure 10 13B) is less than the nunber
of bond pads 3380h gadseiht lesstrnedtanch3Bpameiabedimentl cach bashttrenehinsluges at | east

one Lo | Bae BRI TR SR B Rl AER RS BB 1997

each end of tR&°YPEHCh: S forned in

die 1305 is e@uidhel Gorfiaddfin el JD3Hefubto hanthepr@bet 38Bondpaldr183d4 shows a
back view of a finished the 1405 accordi ngmto the 15 present invention. D e

1405 includes a pl Gigre 14 shrwseabrekoteaw of edinished dienkd05 asgerding toitn t he di e
top S“”aﬁﬁot gﬁtsé‘n‘? T '??.Cbi Piecgsgf&e&&ud@ ngtégﬁﬁggggcf’gfgac%ﬁ?agggf&g@&t s 1440 are

connect ed e pluralrty ot cont a e ntact 1432 is

connected to eftendasin hediceh sudddd to Thiigie bhllesitifRe. 1l AOSlutdliey bk contacts on
the die top surface, die edge surface and the die back surface. One 20 back

contact 1440 fantaess kP are cemmsstediia et plperdity of edgeivontaos 148A. Backerdssdi nent, a
contact 1450 [5R29945h Y&%nOcdlo dRFbr A0FaliAH0C FBLEGhe 4iE1%05 iifEs

contacts on the die top surface, die edge surface and the die back surface. One
20  back contact 1440 is formed at each end of back trench 1426. In an embodiment,

a contact 1450 is positioned on at least one back contact 1440, In an
embodiment, contact 1450 is a solder ball. In an embodiment, each back contact
1440 has a contacf 1450 thereon.
| Figure 15 shows a die stack 1555 that includes a plurality of dies 1505
25 electrically connected together. A die stack 1555 expands the functional
capacity of the dies 1505. In an embodiment, each of the dies 1505 include
memory devices. Thus, the die stack 1555 expands the memory capacity over a
single die 1505. The contacts 1550 connect an upper die’s substrate active
surface contacts (not shown, but designated above as X32, where X is the figure
30 number) to a lower dies non-active circuit side contacts 1540, The top most die
1505 as shown in Figure 15 has its non-active, back substrate surface contacts

1540 free from other contacts. These contacts 1540, in an embodiment, are used
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enbodi nent, contact 1450 is a solder ball. In an enbodi nent, each back
contact 1440 has a contact 1450 thereon. Figure 15 shows @4 BLemdtaolis 1555
that includes a plurality of dies 1505 25 electrically connected together,
A di e stack 1555 expands the functional capacity of the dies 1505. In an
enbodi ment, edolondfiect the di etack 3655 foranl axtenalmawoit ynadebéwrs . ThHRhower trioet di e

tack 1555 ) it ' i | di 1505. T t act
1550  connect - JA° bperiaTE e s s &b sgt s 1SS RPACBILIATRE EHBE shown.
but desi gnat edijghoye BSaB@RboEHE hEsd Sortdtes {3DUWBNSQ tREHVREE Stab©tPard OV

dies non-active circuit side contacts 1540. The top nost the 1505 as shown
in Figure 15 haserhdlsinoit-(acttshoen). bEnks, thelktsr 06 hsumgaortacenrngbe &p @840 free

fromother contacts. These contacts 1540, in_ an enbodi ment, .are used 17 14
Decenber 2006 btk SeEMsELIo 198 difsdo Somestedan adingent dicssnat tal theidie sack (not
shown). The | ' L1l Ja s 1550
free from con'?l \ag?:’F ih%ﬁgﬁ%@h??&%%?sg%}%ggehﬁt&ég&geﬁ%%%iﬁﬁ? &11%? ﬁ%%éﬁtt%o tacts

1550 connect tihestaelf e55Samtihelcontatts 1630 gitaialedbite sdjaden( dies. &hwwn) . Thus, the
di es 1505 having contacts on the top and 5 back surface allow the dies to
connected to & enteeeniacis éhd  Hacoptpledicollapsgernnections Ruthavem oM | e t hat

5 o5t AL eabhe Al oA LB RAALE Loyt U ke 1559

and the contadte n e adj acent dres

contacts 1555 gitles thdknb&el adthealidsaipos. toanaebbdntnt, ied bddk\@ntctsawsopr of i | e,
i.e., height. This provides a-small stack height that is essentially the sum
10 of the thi cknesdde & stagk ek 864 sDether up pormepbyirugle., t he back contacts

1590, os2"1oCt L1 iy beh G B o B R B ATy 0

bot t om vaf er suehottdiatwaffiGuok tHay thedRUVE BevitJ8AObr SiifabacLieiwifbg 1eB0ers 1600
face each other. Thus, the active device regions of dies 1605 of both wafers

15 1600 face &arseach pther. Fhis.dhaantive devine ragiqns@l dies 160f of bedasafas of

The. bond ng pddogs® aa et M3 B BB RIS GRS SRl U Cre

teachi ngs of tdhe1srEmenides b pa3.ant firadds RadiaRkdBRnEct thdBoriddfy Pasttb ons of
edge contacts on one of the wafers 1600 include connectors (not shown) that

provi de a di r édge edninrte formsdtin dhroueh vips prsprdiegity e teashingagbtheaviesaet s on the
other waf er 160 nGC M ) Qﬁ%&inﬁ%ﬁ Qhéjfos portions of edge contacts on one of the

wafers 1600 include connectors (not shown) that provide a direct connect to the

20 top portions of the edge contacts on the other wafer 1600. Accordingly, each die
1605 of one wafer is electrically and physically connected to one die of the other
wafer. Each wafer 1600 includes a plurality of through vias that are filled with a
conductive material, thus the integrated circuits of each die 1605 is electrically
accessible through the conductive material in the through vias. In an

25  embodiment, the trough via connecﬁons form a portion of the edge contact. In

an embodiment, back contacts as described herein are connected to thé edge

contacts. Thus, the back surface of at least one of the wafers 1600 is adapted to
connected to an external circuit. Accordingly, the present invention provides
contacts and connections to the dies through the vias formed according to the

30 present invention such that external connections are made through the backside

of at least one of the wafers 1600.
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1605 of one wafer is electrically and physically connected to one die of the
other wafer. Each wafer 1600 includes a plurality of throughchgs 20dat are

filled with a conductive material, thus the integrated circuits of each die
1605 is electrically accessible through the conductive material in the

t hrough vias. |n arft 25l éabendemand that Hes with dlgghsoppa of thenmeetehbmgerdtpmtoa porti on

of the edge contact. In an.e iment , .back contacts as descri.bhed.herein
are connect ed CtOBn?clli_éhee ewa%asn"f@gttgg_e%{& ,Oﬁ?eﬁén%%‘% %WE@E_SP%%HII%ast one
of the wafers {600 ks 89aR1IEANE FaftOTEIRC hfink i Abfdc B dbr, fle'coHhdoted
Accordingly, the present i'nvention provides contacts and connections to the

di es t hrough thysnvdnastibprcneddedoerfding to the 30 present invention such that
external connectio are de thrqugh the backsid f at. | east. one of the
ol o0 1600 16, 14 BBERIBRISGHOH IHE G 01 e THETO IS AuPIEEL R bR w th t he
scope of the e : (Vs) r get her by
ot her net hods%ﬁg\?\ﬁ{gt’?o on%&%l?qgiﬁafe??ﬁ&@lﬁ l’tlg‘ﬁhie 3@%"3% ,se:nﬁe waf ers
1600, and t he ifiveesioan Te&cduuvalire cormicts Lompee by edndueyivamaadtis ot thephrough
conductive film 5 _In an enbodi nent, at |east one of the wafers 1600 is

subj ected to BaKCr bgek pemtAYs fumedin ertrprhes K36 toke &f thadweek arfrgerdthene
teachi ngs of Pl GRifer 1@0?21&1{5%% ks 1684287 ud ARuBRALATE Bop O med DY

conducti ve mat'eri a Vi as ontacts formed in the
trenches 1626 sipubfediétatche back surface of the at |east one wafer 1600.

Thus, the wafer 1600 can be nounted in its non 10 singulated state. In an

enbodi ment, the st dekBsrBvdieaiibe segkedandconnatel wakrsi ¢ifarasizgulasd di ced

such that the | - i j . [ emai el I hus, the
Chav dan  unior ABASAANAE! B0 in kARG BRAL AR Rl Affled BIHIE Tl IbS, (L NE
The external ghd gdivhidia vaddeebtiecudotvid\@ss onbdis/ireialackl BT the tab vidfasedge

contacts in 15 an enbodinent. In an_enbodinent, the external circuit is -
connected to tIhesaternalgirgdifegongegtediogheserindipiur] eyt adhecdgricgniests IFA shows

1700, The 61 ook skt b SuRHE T Bhn T Al 0Bl b0 d RS L2
si de trenches iddizRuafurtifaet thabask asiees.substrate 1700. Each 20 substrate 1700
neludes at 1 east Li0 e 15A shows a choss-sootions, pattial view oF subsirate Siack that
has two substrates 1700. The cross-section is taken generally along vertically-
aligned, back side trenches 1726 of the two stacked substrate 1700. Each
20  subsfrate 1700 includes at least two die 1705. The two die of the top substrate
are positioned directly above the two die of the bottom substrate. Bond pads
1730 are formed on the active circuit side of the dies 1705. The bond pads 1730
of the bottom die are aligned with bond pads of the die that is positioned above
the bottom die. Traces 1731 extend from the bond pads 1730 outwardly to the
25 side of the die 1705. Edge contacts 1732 are formed aligned with the non-active
side trench intermediate the dies 1705 that are formed on the same substrate. In
- the embodiment shown, the dies at the bottom are formed on the same substrate
and the dies at the top are formed on the same substrate. The non-active side
trenches cross the active side trenches 1716 at intersections to form through
30 holes 1727 that extend from the top to the back of the respective substrate and
die. The through holes 1727 are filled with conductive material and connect to

non-active side contacts 1740, The dies 1705 thus are interconnected at the
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are positioned directly above the two die of the bottom substrate. Bond pads
1730 are formed on the active circuit side of the dies 1703pcdishcPoitd pads
1730 of the bottomdie are aligned with bond pads of the die that is

posi ti oned above _fhe bot gom die. Traces 1731 extend fromthe bond pads 1730

outwardly to Yecaly digged Bend pasdsdi7e0 ppdrertiegibrealemied fepss 17232 CepEctsor ned
b ne o+ het 1 BOTEAEK2 Baciclfe LoSER: LI Bbe big eIl | 1ot e

formed on the he dies at the

bottom are f asoidctivhstdexteanbeisstisti(het howand the dies at the top are formed
on the sane substrate. The non-active side trenches cross the active side
trenches 1716 at i WigeresEet s & rosusaeiioraloppshialsuew of substar7 70at  ext end

fromthe top to the back.of ect | S [ € di e.,. The t hrough
hol es 17279ar%enﬁamlyeagon\ﬁ il 18?%36%{% ?\%g%?‘réa;@?l g?‘ ggﬁgﬁ%ﬁln 87 FE Y non- act i ve
si de cont act sfoliddR actecifbueSideiBdnchbiI 571 oF Hotl &ibeeaes Gigeh atndhie 11y 14
Decenber 2006 vertically aligned bond pads 1730 and vertically aligned

traces 1731. @ontdicady aligd. at non-active sides of the connected, vertically
aligned dies 1705 provide., connectjo o _external. cj jts 0 hown) .

i gir e 175 shove o RS BEBR A Flach i fuarodss 545 gic LR dhiare el s
general l'y al ogg ¢|den§ tdp/Bad 7Busfis, ihOifre hfds of IR thWotBe deBiglatBniagner al |y

follows active circuit side trenches 1716 of both substrates, which trenches
1716 ar elWeranotimir| Thatwagdedl 80BiagejoendiBogttbevsasaistussedtaboke intrawafiencl udes two

die 1805 that_are stacked. top.side to to jde.. That.ls, the active areas
of the two dif_@ﬂaﬁ%aaafﬂgegﬁ%nﬁ%%@mf? 18 ﬁé%a&}@r%@l@%ﬂfﬂ%@ﬁ oi ned
together as diSEHESE%ARMNE iR BOYATSEn, thejdhdd Wil LHB AHelBE epaldit!S, the top

die 1805 is froma different substrate or “"wafer than the bottom di e 1805.
Then, the joipaid ofidfesrl$0a fimniadjecknt paisepatiet elhephiqughofiasdises atBdignkd om

adj acent pairs of dies. The_through via 827 are i.gned bet n the dies
1805 and ar e SRR EHANS EHb S CERUA oI CuS iR 4 SFRGTHY §OEhe
adj acent (4 egpe I(gﬁcem Aes18hE v?ars%fz?gféiﬁwuw@a EHIBEd ¥GterRE Sfch@hatSUCh that

the vias wth conductive materi al i nt erconnection between the two,:
joined die 1BOFiasThth aondecti@Atatenkl fed inkitrcbnreonoiubttivmeen thettenoi, mlinddutie her

define_edge capLacts sand bagk cant acts LhaL Comeel {15, 2\ agkeddies 1805
and back contacts that connect tl'ie stacked dies 1805 to external circuits (not
shown). |

20 Figure 19 shows a top view of a package 1970 according to the present
invention. The package 1970 includes one of a die, die stack, or wafer stack that
includes back contacts 1940. The dieis gncapsualted in a protective case that
seals the active area from the environment. Connectors 1972 extend through the
protective case and electrically contact the back contacts 1940. Connectors 1972

25  further connect to leads 1974 that allow the package 1970 to connect to external
circuits, which include address and data buses and 9011’(1'01 circuits.

A method for fabricating a wafer level package according to an
embodiment of the present invention includes fabricating an active area on a
substrate. The active area includes integrated circuits. In an embodiment, the

30 integrated circuits form memory devices. In an embodiment, the iﬁtegrated

circuits perform logic functions or processor tasks. In an embodiment, the active

area is a system on a chip device that includes logic functions and memory

20



20 Figure 19 shows a top view of a package 1970 according to the present
invention. The package 1970 includes one of a die, die stapkpeQmbMahey Stack
that includes back contacts 1940. The die is encapsualted in a protective
case that seals the active area fromthe environment, Connectors 1972

ext end t hr oughundtens. p?{’b@ é@f Fiyestrintremariatesthe integratall cFowisrara pertieHs chtiak

contacts 1940. n 25 furt he nnec | eads 74 that allow
‘}%Ott%recé %or{no eé’x{l%r RatSeit P iy taCﬁ‘\g/)\e?nm?ﬁ ap O%

t he package 18 eGPt de address and

dat a buses andysmntd, gbné‘mm;ewﬁem the fRédr0Ed bREuifsaddIdisakré patialiywehen | evel
package accordi ng to an enbodi nent of the present invention includes

fabricating afioracnpn-ectivesideodr back sighetes ar kerfhla aa@mhpélraﬁéaa phicalifye§

i nt egrated CII‘CUIt | n an. enbodi 30|nt ed circuits. form
menory devi’ceS§Ut SI%%WWP%?ES%é F“&Pﬁgﬁﬁﬁff@a‘a % Wt@lﬁr@r 6¥im | ogi ¢
functions or PBLAGRESOEIE ﬁ%ﬂfcﬁles'm?e ELeA A treddB8s Qxﬁiﬁd&ﬁact%%?de‘ S a system

on a chip device that includes logic functions and nenory 20 14 Decenber
2006 funct i onsnchEséntsmectshere etesfoimed threditaties inttke sultsegreatBasethrought s are
partially cut in a first directi formtrenches or kerfs. The non-active

regi ons of th&RsPEHEHs Beles, vHupR W F?@%S‘é%@t%c ‘éthVﬁtnéﬁF’a?léHO‘Gﬁ?cw ts or dies
are partiall yc&;’f&ct%%nbfoﬁ{ % @@5}5)‘@%1’%&9& RE sREKelhBNENESh-Asivger fs. In an

enbodi nment , urality o I'n the non-active regions of the substrate
are made t10 fdja@k}lsmfad;eaatftﬂeysubﬁtramon active side trenches. Were the active

side trenches and non-active side trenches intersect there are forned
t hrough vias in th@%@?%%v@eswpﬁaﬁ}%ﬁﬁﬁseWlt}&é"ﬁfﬁvl%f‘épﬁ@?%@asvxlm ch when

fi 11 ed with agQnduehiNs, MBS calcal O b ORAR SRR dtigact T ve (10P)

surface of the su e an € non-active ace of the

substrate. Nupseeedtc@\dhims ciaduit :adayles bhandrgmddndesyaidcaanpaérerand evel package
as described here| n. Such devi.ces_include indiyvidyal I C packages, sonetines

referred to aSleehpps SY%F?%UW“H@&RBI@@“%%W Inds @ fiekavingan E@%G?@r s and
el ectroni GsSySLeITE. tyhf&gfl%ke@kﬁ??ﬂmcoﬁaacéﬁ%gﬁte k¢ bAHIEng b Gl aN it

i ndi vi dual " 15" patte y rectan on a substrate t%t cont ai ns
circuitry, orcirntiededtesdio parfomnlatspdaﬁmfmmuonpsuphraﬁ aremay Sipetivhs, dodicnct i on,

such as nenory functions, lOg}l@g functions, and ad res functions. A
sem conduct or igps. gpfl pd $tiQnsc ghieapRonducias SeirllfapicallnceaiBdeh di es

containing thg, 3308 pfaHé]r‘ﬁtdfgﬂ&i &by contBfingtil ¥dngé’ﬁllncuonahty. The individual
IC package includes structures of the present invention or is manufactured
20 according to the methods of the present invention. The individual IC package, in
an embodiment, further contains additional circuitry to extend to such complex
devices as a monolithic processor with multiple functionality and/or a processor
and memory module in a single IC package. Individual IC packages typically
include a protective casing (not shown) with leads extending thereﬁ:onﬁ (not
25 shown) providing access to the circuitry of the IC package for unilateral or
bilateral cornmu&ication.and control. In an embodiment, the leads are connected
to the edge contacts, ball contacts or other contacts as described herein.
Circuit modules include two or more dies that are combined, with or
without protective casing, Such a combination enhances or extends the
30 functionality of an individual die. The circuit module includes a combination of
dies representing a variety of functions, or a combination of dies containing the

same functionality, One or more dies of circuit module contain structures

21



| C package includes structures of the present invention or is manufactured
20 according to the nethods of the present invention. The {nging4abod C
package, in an enbodi nent, further contains additional circuitry to extend
to such conplex devices as a nonolithic processor with nultiple

functional i t y sgevading tathsrisessstiowventiondorraserbmpnedbamhethods of the prgbent| C package.

| ndi vi dual I C, typi cal | i ncl . ti [ t. sh
wth | eads extBROTRD CREFEFPORCt Abt CoatCReMNS TS0 HHhg atetds’ tBreRe
circuitry of tAfedkGpiaghadiéQboHMuhRh8sRno@Ems Hirbédsssaho&agmyai cation and

control. In an enbodiment, the | eads are connected to the edge contacts,
bal | cont act s appliatibespesofit HB1E) asodidsse andomdy relwdemulGlayeyinultrodnl es i ncl ude

two or nore dies that, are conbined, mth or .. withou rotectiye casing. Such
2 Conbi nat Hon "M 4Le SOGL OHHE 18 5 GrPaHiEt o ey gPocH of RYRUTHUSI  di o
The circuit Bird @g*gg&ﬁ Sonbj I QReiRfisictl £S5l SRERS §RES a variety of
functi ons, opggwgon%?na Fon of d%gta)léag%)ltrit a?nilrﬁlgogf he ggm’?@%fg??%nal ity. One
or nore dies obmputet,pietsonmicdisteattingian astoneiiier asindisttid] eteibdten? GH6
according to t_he%%r esent invention or_ are fornmed by methods of the present

i nvention. SoAECRBLARAESTHT e erquiinedule dgs @ Verel i deads sutepdingdul es, devi ce
dri , i | : [ dul d
appl §oat i o ot Gg P ETBL ) (B MR B SRREE A ERREBARLLIP N P Tl chip 5

modul es. Tie ebmettinicatiotlah®cdrizoli N an enbodi nent,. a subconponent of a
variety of electronic systens, such as a clock, a television, a cell phone,
a personal conput &te TpeR sbasicyhmedaleds 8 merrory e dila chsyrpRoryARO¢Hust ri al
control syste J jy i i a variety of
| eads ext endi %ﬂt%ﬁg;ﬂ éﬁ@%%ﬁ%ﬁ?@g@%ﬁgg?%ﬂhﬁgﬁa@%g{ usﬁﬂgg?g#qggﬁgﬁsl ateral or
bilateral 10 gesemln dpbhdifigapén geniekddd bineidtiosia bk dasiéd fog Phiitydldl e is a
menory nodul e. The nmenory nodul e. contains nultiple mem)ré | C devices on

support, the B§msey metuleacaenis 8 esmmpad sigapl JomapsHinray capballerieotdesi red bus

wi dt h and ;t:he Ny fQF R i £ The . \V ceept s: ommand si gnal
from an ex1 er F\lgq%&?ntaro e%ﬁ%#gf &Tﬁ;l?rgﬁ%&\%n Jrgﬁ%ﬂ%ﬁ%@n%% ‘%‘%E@taogld‘{%k ovi des
for data i nputindiigadormsridlink il ¢iad Hnkd dreksnnetied to dendsegichiink fond dat a

| inks are connected to ] eads extending _ from _the suppart. The nenory nodul e
and/ or the di B¢ stAeart cEhsmeperemeduleagdfor e dicpthat constitute at least part of

the memory module include structures of the present invention or are formed

according to methods of the present invention.

20 Electronic systems include one or more circuit modules. An electronic
system generally contains a user interface that communicates with an electronic
unit, that processes or stores electrical information. The user interface provides a
user of the electronic system with some form of control or observation of the
results of the electronic unit. Some examples of user interface include the

25 keyboard, pointing device, monitor or printer of a personal computer; the tuning
dial, display or speakers of a radio; the ignition switch, ganges or gas pedal of an
automobile; and the card reader, keypad, display or currency dispenser of an
automated teller machine. The user interface, in an embodiment, provides
access ports provided to electronic unit. Access ports are used to connect an

30 electronic unit to the more tangible user interface components previously
exemplified. One or more of the circuit modules include a processor providing

some form of manipulation, control or direction of inputs from or outputs to user
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t he menory nodul e i nclude structures of the present invention or are forned
according to nethods of the present invention. 20 El ectronjfps¥sb&™®od ncl ude
one or nore circuit nmodules. An electronic systemgenerally contains a user
interface that. cormunicates with an electronic wunit, that processes or
stores el ect r il Popheibrvmfomegion seheripreap sraEEn g B0, @B theT™isker of t he

el ectronic sy { £ h i results
of the elect r?%?‘gh%&ngot Fh%gg%élfoglic?ln%{' e%?%;ﬂgsa q‘%{?ﬁ%@tg 1ﬁ%c l%zélla? e 25
keyboard, poi piéngustieyives, eletufinicdys@i R) inthemtedineieisodalkd aoiustiet; t he
tuning dial, display or speakers of a radio;, the ignition swtch, gauges or
gas pedal of arechapiedpepoaents eptishewerinaddidionde tha@impqnodilessmgyher

currency dispenser a ted.teller i T ik nt. ace, in
an enbodi mssflt ,uS%rr%Q??%%% Tt gﬁgteog‘rsg% %%erg aéeedpth%vt}léc}g%]{’%ﬁgfee%ﬁ%ﬁgcd%%iD_?.rLﬁeAccess
ports are useldBofRRHREM 2013l DGl Cintdtirited SiréiLin B @nBoiRged] e user
interface conponents previousl exenplitied. One or nore of the circuit
nmodul es i ncl ude aa epbodiazmbrthe egoiraiin gysten iea subcmnppnend oif p ldrgen ageronisnt r ol or
direction of inputs.fr or. out put,s ser 22 14 Decenber 2006 interface,
or of ot her i 1IPSat B LR hOFPISFEReB L Rkt e 8 TErsgr R P ihr ovi ded ¢ o,
the el ectroni %d!@dés-strﬁétuﬂs!a'ccélﬁir%&@%ﬁ@ﬁl’eséﬁ BRRchiéh b BiSmdd a%é&ﬂﬁlg% ,
previously given, electronic systemis, in an enbodi nent, associdted with
certain ndchamitihals accorpmgdntthe freetnt shewntidn.i n addition to the circuit

nodul es and the 5 user interface. It.will be. a greciated that the qgne or

more circuit nodul é%sﬁeﬁl Ggnb i 1t o ncelecfropie t!e@ PAPELe Byteq- gl e
integrated ci hedhdryisP@R iRETRON Yy mdrl nth R RRALTER Bhd aﬁ@gﬁ%ﬁ%@&lﬁr? system

is a subconponent of”" a larger electronic system It w
appreci at ed t A&t namdrg asidubssecaoh cofteinrmmenr morethehesy IC detioeednshr uct ur es

according to th yesent _inventipn or is forne ccording to 10 nethods
according to Pﬂ’%og?%@%ﬁtﬂ?aﬁ?/%‘?‘ﬁ‘? CMAYSFECET Wf‘@%ﬁéﬁ??ﬁéﬁ?gafﬂméﬂgm tronic
system as & NBERLM i#VetkiSHlor 11 8briBREP hdbofMRE %b%?és@ﬂﬁﬁv&ﬁﬁn@%@r € nenory
nodul es and a " nenory controller. The nenofy nodul es each contain one or

more nenory | Gaiery cegrollan providesnddioneols 2 tedirdcéanal inteefact betwrar y devi ces

i ncludes structures accordi,ng to the 15 present invention or is fabricated
according to W?éﬂcﬁ'yé%sg?ﬁ a}lﬂ@gﬁfqﬂy}ﬂl S)f“%%n%ﬁ%nﬁﬁ?m@ﬁﬁw DR 245eBFiddes and

controls a bi dhkemhi 9akl HhehE BCRAEHYESRA relays it to the one or more memory

modules on a command link. The memory system provides for data input and

20  data output between the one or more memory modules and external system bus
on data links.

Another specific embodiment of an electronic system as a computer
system. The computer system includes a processor and a memory system housed
in a computer unit. The computer system is but one example of an electronic

25 system containiﬁg another electronic system, i.e., the memory system, as a
subcomponent. The computer system optionally contains user interface
components. User interface components include, but are not limited to a
keyboard, a pointing device, a monitor, a printer and a bulk storage device. It
will be appreciated that other components are often associated with computer

30 system such as modems, device driver cards, additional storage devices, etc. It
will further be appreciated that the processor and the memory system of the

“computer system, in an embodiment, are incorporated on a single die or IC
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menory system and an external system bus. The nenory system accepts a
command signal fromthe external bus and relays it to the;Qpg. QMg NMENDrY
modul es on a command |ink. The nenory system provides for data I nput and 20
data out put between the one or nore nenory nodul es and external system bus
on dat a | i nkspackagt.hBuchspegle backagapudiessing viofs raduceltee coromiugicsijen tmeas a

conputer sysiem The conputer .systemincl udes, a.pyocessar d.a ry
syst em hous_ed't:’et?ﬁﬁe%g?&ffﬂ%é‘?r aﬁi’ﬂl © MEEOTY. GRAY 2@‘”&@@? %Pﬁrf’%la‘i?agh%%fggggnpl e of
an el ectroni Cogo, S8 HABEOR LA me%eﬁ?ﬁlgtﬁﬁ'ém%oﬁ% e %%g%?@ Rcordifig to L he

menory system as a subconponent. onputer syste ional l y contai ns
user interfacthe pesgpbimeantson User interface conponents include, but are not
limted to_a keyboard, a pointing device, a nonitor rinter and a bul k
st orage devi ce. ItThWab‘l’Vedgisﬁtﬂﬁi@clieB@F%@ RO HEY'S Egﬁ%éﬁ'é‘i% dafre often

associ at ed Wi 4y GATRRL A0 SYPHE AU A TRIBe. YL GR driper car ds,

addi ti onal storage devices, e urt her be appréciated that the

processor anddizke toRAhargess tiafplided bbede tociapiuite theptededbinvienti@n Berbodi nent,
are incorporated on a single die or IC 23 14 Decenber 2006 package. Such
si ngl e packagexasiiedhe pawy Seats and digyshwvimia lgrdrire shawhin 3 gatebet ween t he

processor and_t.he memory.cliicuit...lt wll be recl at, tgt | east one
of the proce_s%%?’rgg_?ﬁ%c eH%%c!%B(?j%/Ofs%}%Prgmo%%f%q %nglﬁﬁls %%tga(qiﬁ'a ge g%géorqi ng to
the present i aweRedreforteling saR\\R pdeskle tPLIlGHA nideé Bles 16 Be fotiRIdQS Vi ews of
substrates that illustrate enbodinents of the present invention. These

views are, atsinglgssbstragg.awn to an enlarges, sinplified scale to illustrate
the present invention. For exanple, hem%alé/l\/1 streets and dies shown in
-Figure 4 are shown in a greater enl | e. Hundreds of die are forned

on a singl e substr@heforiifs §PNe HoEEK $RE 5r AetubarAREs@fbedMRtdin pfoviR§Si bl e to
allow nore dies to be formed on a single substrate. Conclusion The form ng

of the throughtty¢ Fefalew)packages-tisa dup proffed Therisiasigrifoaiispacea true waf er
| evel pac

B N L

through vias are determined by the size of the mechanical cutters used to form
the partial cuts in the substrate. That is, with a saw blade, the width of the blade
making the cut in the substrate top surface determines one dimension (e.g.,
length). The width of a blade making the cut in the substrate back surface

20 determines another dimension (e.g., width). Accordingly, the dimensions of the
via can be made as small as the width of saw blades. In an embodiment, a
dimension of the via is about 0.2mm. The techniques described herein provide a
low cost and an industrial acceptable method to produce through vias compared
to conventional etching and laser drill techniques. As a result, space savings are

25 achieved in packaging a substrate according to the present invention.
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t hrough vial are determ ned by the size of the nechanical cutters used to
form the partial cuts in the substrate. That is, wth a gaw.bladeood he

wi dth of the blade nmaking the cut in the substrate top surface determ nes
one dinmension (e.g., length). The width of a blade nmaking the cut in the
substrate back surface 20 det erm nes another dinension (e.g., wdth).
Accor di ngl y, Theaavgnemelabned st the via can be nade as small as the wi dth of
saw bl ades. In an enbodinment, a dinmension of the via is about 0.2mm The

t echni ques described herein provide a |ow cost and an industrial acceptable
met hod to produceethbd@fgreatih@s vixthpaphd wifer, compggihgonal et ching and | aser
drill techniques. As a result, space savings are 25 achieved in packaging a
substrate accor di PRViDg inthe fpbrealinn sidewd g Bafer; and 14 Decenber 2006 The -

i i | ai med js. 1., A.nethed i ia.th he.a_.\af er
compri singe s R PRLHoR PRk REaftes o0 ob My s e Ag R RAREREEL: g e
a backsi de ofidk hfd WATiaE ofi®hd betksilb 8rox@hdhD R th Rétnf ABRiigation  side and

sawi ng on the backside cross each other to formthe via. 2. The method of
claim1l, wherein sawing into the fabrication side includes saw ng about

hal f the thigkpess af wafer.. 10 3. The hod .of .claim 1. wherein saw ng
"to the fabt ot Esiied QHetR fhetetn Sawagr Bihe HrCH EbtdkElT °t he

thi ckness of 3 R8o WeE R halMhe H&nERIFIRe Rbsesl @i M 1, wherein sawing into the |
fabrication side includes 15 saw ng about three-quarters the thickness of i
the wafed0 5. The nethod of claim 1, wherein sawing the fabrication side
includes saw,ng, in saw streets .in.the wafer. 20 6. A nmethod of creating a |
via through -&,Q?g}e}h%oq%i&qlgﬁ &hGEW%@%H@%e?@HF?t%QI%@i Sof the wafer |
using a saw plgag tmbﬁ%ﬂ@#&r%oﬁtfh%lf‘%ﬁéﬁﬁélm%&doﬁ%ﬂ nto a backside of the |
wafer using the Saw bfade so that the sawng on the fabrication side and !
sawi ng on the backside cross each other to 25 formthe via. 7. The nethod

of clalm 6, Hhg e T b it !, Sherin SEPing Gato thE FabriCstion s Miefudes

15 sawing about three-quarters the thickness of the wafer. ' |

5. The method of claim 1, wherein sawing the fabrication side includes sawing

1n saw streets in the wafer.

20 6. A method of creating a via through a wafer, comprising:
sawing into a fabrication side of the wafer using a saw blade;
flipping the wafer; and
sawing into a backside of the wafer using the saw blade so that the
sawing on the fabrication side and sawing on the backside cross each other to

25 form the via.

7. The method of claim 6, wherein sawing into the fabrication side includes

sawing about three-quarters the thickness of the wafer.

30 8. The method of claim 6, wherein sawing the fabrication side includes sawing

in saw streets in the wafer.
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sawi ng about three-quarters the thickness of the wafer. 30 8. The nethod of
claim6, wherein sawing the fabrication side includes sawjDfecedbeS06 St T eets
in the wafer. 25 14 Decenber 2006 9. A nethod of creating a via through a
substrate, conprising: sawing-into a fabrication side of the substrate; and
saw ng into a backside of the substrate so that the saw ng on the
fabrication side and sawi ng on the backsi de cross each other to formthe

via. 5 10. e, e | Wi the fabrication side
i ncludes sa ,{bﬂg@b%toff?gqﬂﬁngﬁ%%ﬂ@ﬁg@% cg&é’hgﬁlgrate 11. The met hod
of claim.9, wher eigRwidvihidth f2BticatioRQidcdFttcablefiesdnde | ncl.udes 10- saw ng
through over about half the thickness of the substrate: 12. The net hod of

claim9, wherein sawinggniors backside fbﬁﬂhmsn@ttﬁatmogh@téhﬁ: sryvingen thesawi ng about

three-quarters the thickn ss of tglge rate %ﬁ?ﬁ TP thod of claim9,

wher ei n sawi ngPHHRER SAF AR ﬁarvgﬁgg}l [?aﬁ Eil HEESS r?éher cho €¥¥eets in the

substrate.5 14. A nmethod of creating a via through a substrate, conprising:

sawing into a fabrication side of the substrate using a saw bl ade; 20

fli pping the I9ulidematteod afulainadyi witpréin soviagihato kbs thbriodtidnisdesinbmtiesat e usi ng

t he saw bl ade sp that th saw path_on the fabrication side and the saw path
thakthe tyeigiees ofh

on the backsisawngagut §othsieiRe via. 25 15. The net hod of

claim 14, wherein sawing into the fabrication side includes saw ng about
three-quarters the thickness of the substrate. 16. The nethod of claim 14,

wher ei n saw ng. tThe nhathsd efdlaiand, svitkeeih Revindéso thafibAgation sidainsludest s in the
substrate, 30 26
sawing through over about half the thickness of the substrate.

12. The method of claim 9, wherein sawing into the fabrication side includes

sawing about three-quarters the thickness of the substrate.

15 13. The method of claim 9, wherein saﬁviﬂg the fabrication side includes sawing

in saw streets in the substrate.

14. A method of creating a via through a substrate, comprising;:
sawing into a fabrication side of the substraie using a saw blade;
20 flipping the substrate;‘ and
sawing into a backside of the substrate using the saw blade so that the
saw path on the fabrication side and the saw path on the backside cross each

other to form the via.

25 15. The method of claim 14, wherein sawing into the fabrication side includes

sawing about three-quarters the thickness of the substrate.
16. The method of claim 14, wherein sawing the fabrication side includes

sawing in saw streets in tI_ie substrate.

26




