WAFER LEVEL PACKAG NG 5 Field of the Invention The present invention
relates to wafer |evel packaging techniques and structures. Mbore
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 denmand nore nenory and processing power fromchip
packages. However, el ectroni cWAVEREGSEVEL PACKAGINGch chi p packages have
continued to shrink. Thus, the demand for integrated circuit packages
having a high density in a smaller package has also increased. Wile it is
desirabl e t0 design a new di e tha&ﬁ&@%%ﬁ1ﬁ£ eIl%nthe needs of the market,
such a desi'gn may not be feasibIe‘Ur—reagkaUr—narket. Thus, dies or chips
are connected togghegiesest igventidhaelirs ro wafehtdveEyRkhdiag cebhigaes &rnsi ty and
el ectronic 20 capacity. Wafer |evel packaging is used to neet these demands.
However, nost Strugifkss. K@@pa@s@l@d@ the Presed arvsasom selaienh o TORBENS AeRIBtY | al
success as such rocesses require a significant amount of wafer thinning
fol | owed by eF@ﬁFﬁﬁW%Paa$§%er drilling processes to create through holes in
the wafer |evel package. SummarBaéderdi@d JfivERt-b@bn2d The present invention
i ncl udes nethods for creating a through via in a substrate and the

resul ting X ruct ur d¥afemMieelglackagmgporidhancemplele ¢lestromit deviesmackagmtsi des of
a substrate. ere.the trenches. cross .t hrough via r .hol es. ar formed. In
" enbod, ment IS EeH 5V Flod TR 4SS S BAHERG R 110G B BPPOL | BHEAE of o

substrat e andcaawi oisiafl ot ulACHH RN pichBes UsifGHedstehal the saving on

30 the fabrication side and sawi ng on the backsi de cross each other to form
the via. Theasbopiated softwhtveapplivitiogs contoive e demendindssmemotyhandsubst rat e are
at | east equal to . the heiﬁght aof the suhstrate. .In an enbodinment, the
substrate i s BrORETSHIS RO SO Elip Packages,) Fipwpyeryelentrogicedevices thal 88 ai ni ng

|t eqr at odsof Lfuhlchh pASedsHOEAMEed cFAEAM! Thus, e YeHhARHRr SBdHcent s, form

menory devi ces, curts an
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 significant 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 creating a through viain a
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 to
the height of the substrate. In an embodiment, the substrate is a wafer that

includes a plurality of dies each containing integrated circuits. The integrated
1



processor circuits. In an enbodi nent, the nethod of the present invention
includes formng trenches on a first side of the substrate and form ng
trenches on a second side of 5 the substrate to formthe through vias at
the intersection of the trenches. Form ng includes nmechanically formng the

trenches. In an e{‘r‘oodi nent , hg. t{e ches on o(pe.si e .are orthogonal to the
trenches on t AECHIEHEY VAIOYR SMPRCIG}eR Seﬁﬂg’d?l?ﬁgﬂlfy, VIcEHIAES CORUS KX cat i on
side of the syRabidfeir@i@ formed in saw streets. In an embodiment, the

trenches formed on the back or non-active side of 10 the substrate are
formed beneat h t heImaeembedimete gheameitiod of theipresentiinuentioniaclufes formmgt i ons of

the t h th f .th h.vj i t t ts. ., T
i mens ons. of HERRSE AR A S e S oalsRE A Futtng FEmEBpa e e S0RP r enches
formed on gach, Sif&rfd 1o R IMOBE SRS as T b D368 of e dicheishes are

determned by the wdths of the mechanical cutter used to create the
respective tr Eomhing Tiodudes nidehanigdilyioasinigribd trelehes. clormhusrhlovdimentettical to form

a contact or co ni cati o line fromthe top side of the substrate to the
back side. | nUsechenppanaeqe are %ﬁw%a%%q]éogwé@gbmthﬁﬁh%%ac & de trenches,
whi ch cont act 6,47 i { ough vi as.
Met hods and st%?1 E{S:('?Hr&gg %%ﬁéﬁgh%r%fs’lgﬁﬁ?E%%F%nﬁ?%ﬁtﬁge ﬁ.’ﬂ“&%‘ﬂ ega'%e 20

nunber of tresedes heonrBbotdinddghdaehches fanefl ohhke sadksdrmahectinelsidewf t he back
side trenches relate to the die copponents. I n an enbodi nent, the nunber of

trenches fl8r nig substiaieans fonmed heaeyth thedesonintegrated draiteqdhus, e or 1 ess t han
h nb I I f
trenchos 1 or Mo 0P8 Rehdfesat orpd e MhRPAH BEETh ind By AEREL 21

trenches forned | ack sl

nunber of bongheGinRadons dheichiddgpads afy Rt aAdyate WadiBs of iHartfinghesvi a t hat
is positioned adjacent the respective die. Traces connect the bond pads to

the through vfagedpn each sidndiode sehfirate: Nderwidie of thedrngheietre sleterminedt hey

alternate whigh,sid of-.t he die. ext.end t nd thys, .adjacent bond
pads are conn@%’ih_gdv ’?@’S%ﬁhcfdg?%ragwﬁfn&%&%wsgggﬁC |§e,<:[ﬁ ﬁeSB%%Jngit{eé&@i ﬁ@% of the
die. In ansenosligheiis inSRa® a toadR fordiAerdd) td AR 4 &intdc® of E/NAFRNARaliBn t he back
side of the substrate. In an enbodi nent, sonme of the traces are skew to

trenches in thee Beawkhe topesidsf ofithe suhstistertaths bagk pidean ambobediorent, t he net hod

of creating aco\ﬂtgctst a% gl%’t]eda}n\f\@c ﬁgcklsptféltllrje%ce:ﬁes, which contacts are connected to

the conductor material in the through vias.
Methods and structures of the present invention further include the

20 number of trenches formed in the back side of the substrate and how the back
side trenches relate to the die components. In 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 adj acent.
the respective die. Traces connect the bond pads to the through vias. In an
embodiment, the traces 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 embodiment,. 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.



providing a substrate with at |east one integrated circuit, formng a first
trench in the top side of the substrate, and formng a second trench in the
back side of the substrate so that the second trench crosses the first

trench to forma 5 through via. In an enbodi nent, a conductor is inserted

inthe th h via.t d f th i de to. the back side. This f
o ehloe Comian VLo 4h 8 EisbSdinent, W Dol OB il 4 Piashiough & Sl et ot Of o
substrate to a CO“E?&EdﬁQashﬂﬁraWﬁhﬁi réss_t%ehﬁggerﬁtégﬁier&%g,nard@g@ﬁr@mbodi ment,

bond pads are on the substrate fabrication si pads are
connected to theecltiortbietipoiide ofithasmbbatentiwidioneing 2 ssconacitershde thedrackct i s

f d at d.qof t d h d t th ductor. |
an enbodi mont SUBRERT TGN et Lo Pt gFAE SRR SRCHL D ORRE Back i de
trench. Insan H@Q%ﬁ.emtanéﬁ%dﬁﬁéﬂ@céﬂaﬁ&ﬁgﬁfs_ihmeu@@metﬁﬁﬁgﬁmm ng the back

side of the substfate so that the back side is essentially  coplanar to the
back side contstehd fidbh r tenideliontbebadk sidd €Tlps zestaniadge nontact apdovi des a

met hod for stacking integrated cirgcuit .devices, The nmethod includes
providing a f PRSI drenertion fiom fedrbricesiop Fide oF hesuBsiats ot coHiRGPat ed

circuit devic Jt€€tSan ! 34 LENGDES sl streets
on a top si deﬁ%f&?gg{dgito?g%e@sﬁgﬁittgate, ean]gidq%l%&ghg’ nélsésag%:ond trgﬁ{é]ﬁbgtsat%n t he
backsi de of t fubrichtict sidelbThe bdrel (sds tfeatonhdgedstechacordctor.ehchres and first

trenches intersect to formthrough vias fromthe top side to the backside
of the firl$t suwbedimenh abagk gide sapfaehi ,edtah%n%ﬁdma‘ﬁhff RePR HenGianddes

inserting a c L Lt i ] top side
and the backgtg;lg‘}eé?&gé%%ﬂe%cc? |nErlllgbeﬂflIhteHl %g%g:&‘é?%?en%,goag?&]ﬁggg gt%%&ogp?hggtpl urality

of first i nteghanddfeidniksiddartnclesin A satndndesithsniabed firhiecthciudes udes a
plurality of 25 second individual integrated circuit devices separated by

streets, is cbkagundingle backsideiofdhe sibpisate 5o that the bagk sidsduesseniiallyt he
plurality of g(%eﬂgl%dt(%mg%gglggiﬁgtcgligﬁ&yit devi ces are connected to the first
rmtegrate

plurality of Crrcul evi ces. Connected pairs of the connected

first intagrated ciAnGabBoddfMiti@Eheiitesentih@bstion fibeidesd adidd erktacidayi ces are
separated fromthe other pairs of connected first 30 integrated circuit

devi ces and sbdemiged prett davieesc The methadanelydes providmg 2 Bsberbshatst . t he net hod
includes formng third tren s.int streets.on a t side of the second
substrate, fo bngf aogl}lfaﬂl%f %’gﬁ%ﬁl %e%‘%gq ﬁléc%ta RECYRRSF Eﬁ?‘?‘ugy gireets,

forming first trenches in the streets on a top side of the first substrate, and

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 sireets, is connected to
the first substrate. In an embodiment, the plurality of second integrated circuit
devices are connected to the first plurality of integrated cirquit devices.
Connected pairs of the connected first integrated circuit devices and second
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
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second substrate so that the third and fourth trenches intersect to form
through vias fromthe top side to the backside of the second substrate, and
inserting a conductor into the through vias to formcontacts on the top
side and the backside. In an enbodinent, the nethod includes connecting the

conductor to at |east_ ope f.the plyrality of second [ntegrated, circuit

devices. In aﬁecé’ﬁgﬁ@%%ts,o%%&e .ralnﬁ ?%ﬁ%ﬁgbe Fryest t?e’[c.?.n%e TER at | east
one of the se¢RYGonRIGHEAE tEiheBHtksidetiTthE&Bond SutRRaRNRRMINERALg at he fourth
trenches are linear. In an enbodinment, the trenches and saw streets of the

first and secoomflustondnto shesthrongh vadsitgferth potitants ewthedor bidg and theAracksidodi ment
of the present invention i§ directed.to a nethod.of orm.n substrate

| evel packag e_i‘b"fn ?’REOC’IWFEB ?‘%IE‘EFEB‘I’E P&EH“@S 8%‘%}138%%8 ﬂ‘?ﬁB“%H?{&B %t Feﬂﬁtlmes
providing 3 fprgk ﬁgﬁﬁ@r@%gﬁdnﬂ%ﬁg‘gféﬁ dc?rcﬁﬂé%léﬁl:ésﬁﬁn@ﬁ efibbaimditaBe separ ated by

streets, the firs i e$ including bond pads on an active side of the
subst r at e andfourthagomshescnn fotred beneatihat lbash dngpaiibs s¢owndiimggratedstirctitenches i n

the streets on a top 15 side of the.first substrate, formn econd trenches
onC i he bacis! Ao T ab pbeginey s it epdioh are Met.c bubamBeBmeres ang
first trenches,.i i f 1de; t he
backsi de of tﬁlg %?lg%%ggSé‘?rsg'?%tgbg@gqilfﬁggg#%gdas{lggc?g?ﬁﬁ%% gllr?grlﬁlrcl1 oot}ﬁoe t hr ough

vias to form dmiigacts on the top side and the backside. The first substrate

is connected to a second substrate. In an enbodinent, the 20 first and
second sub8trate aﬁeemhq%emwé?fwfé%entwvsw%éaﬁﬁﬁﬁqamﬂlqdicrfst and

second subst ray S? ] [ . h er

i ncl udes connec |gi€"i|£g&[ erﬁ%génv ?J@toré% gf%@aiﬁ{e%g%#?ﬁér%%%ﬁ%&bgﬁ%&%gﬁ(?lsa usi ng
one of the traechsles plovidiig £ fibxdusaate, intlhéingaghindligudffrstadies sopatatedids; a
plurality of second individual _ integrated circuit, devices separated by

streets. The freacHotherfiptdies inthidingdwad pras omansetsisiseiotdhs substasaedi ng t he
plurality of second, jta9k %ee%)nﬁyaﬁéf%nﬂﬁg \668 Froh eatixli'ﬁleféhreéﬁs B! %utrosl ity of
separati ng ed pairs of the

integrated cifcurt devices an connec connect ed

first intaegragiedorihe Gitbtisubaiites; Esrmeng st nendhet 6 tiad IR@ksitle 6Pile firsievi ces from
the other pairs of connected first Int e%r ated circuit devices and second

i ntegrated cifubgirate dethat the sependdrenshesomidriipi trenches intersestitodprmitlwopglesent 30
B A U
contacts to {didudtet mt@helthRuePMASed i dohfdots! IhttBE fopt £k Sid GdibhclElédd. ce and
second i nteg rTaltlee i(ijrst substrate is connected t6 a second substrate. In an 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 devices 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 embodiment, the contacts to

the pair of the connected first integrated circuit device and second integrated
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4 circuit device are at the backside of one of the first and second
integrated circuit devices of the pair. Thus, the active device fabrication
side of the substrates are connected together and aligned. In an

enbodi nent, the bond pads of the first and second integrated circuit

devi ces are cannected to ni c n etme n the devices. In an
b veat - CRBRRdeRite' g RRY bk R OL A G Mt ol SR S Sel BeR do  eo
are connect edidQcdl 0P YAASC O Nhe Akt URREIRIRatiBe sidd OF tHeQtibsttdledte

enbodi nent, the conductors in the through vial of the second substrate are
connect ed to tdmmectohthgetter 3nd alignied. Inlaneudiodimen, e boikpddsradthe Bxsband ate. 10

Further features v e of the prese i nvention, as,.well as the
structure andseﬁﬁ%‘fﬁlg‘?%%‘g Ffeiees é‘ﬁ’b‘iﬂ’%f"ﬁ%?f{]toqff’v AECHAMRLGAHIOR ny ent i on, are
described § Q&&@éﬂth’é%ﬁ%é’“m@nreﬁi%ﬂﬁﬂ&ﬁ O hb8 AUCOMRARA RoRT Wi NgS. Bri ef

Descrlptlon of the Drawings Figure 1 shows a substrate having a plurality
of the. 15 Fiitogeat@ ciscuiindesicey atei conadcted tewrovidacpamunmatiombewednttieng a

processi ng step ordin .0 the pres |nv ntion. u 3 is_ a view of
the Figure 2 %%'ﬁqsa whodieat tggﬂ%qdilpﬁoys iyt ﬁalrwgbewasg éﬁaaﬁ*@ﬁs a

rocessi ng st (s a plan view
gf a waf e? du@ﬁgﬁ%%egdggg?ﬁgd%Oﬁg?g%@ﬁg@%%ﬁ]}é@%b%w% egtﬁgachl ngg of the

present i nvendubsimateFi gure 5 is a top perspectl ve view of a wafer according
to the teachl ngs of the present i nvention. gure 6 i.;s a bottom perspective

view of alllafer ackethsrfghies amtkad V?@é&?ﬁ%é@@?ﬁ%é”ﬁﬂ@%ﬁﬁweﬂﬁﬁw on. 25
Fi TA th
oo mont of risas WEUhdhidh Sakioh B B ARGRE bR B 2

substrate ac Cstéﬁim 1t1 deauilfbeldweith refehmdé fetht acdonigiRyigeBanngs.nvent i on.
Figure 8Ais a partial top perspectlve VI ew of a Fi gure 7A die. 30 Figure
8B is a partial top perspect ik VL Lftheg Drawipgs t he. Fi gure 9 is a

partial bottom perﬁgﬁl%tll NS 'aes%&;atghﬂjlﬁg Qﬁﬁl%lﬂ&/ggditeo t he

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 according 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 Figure 10 is a partial view of the Figure 9 die. Figure
11 is a partial view of the Figure 10 die after a processing step. Figure
12 is a partial view of the Figure 11 die after a processing step. top view
of a die according to the further enbodi nent of the present invention. 5

Figure 13Ais a't Vi .of an. enbodi ent. of die after a processing step.
Figure 13Bis at g%egwlﬁgpgﬁiagwggoqﬁ%{’l%e %dlﬁi e after a processing step.
Figure 14 is a botjg eVlileiWagﬁr_tﬁldiie% AGROFRUA0 0 e AR BRAEMBM tgf. the 10

present invention. Figure 15 is a stacked assenbly of a plurality of dies
according to the FigarsHi2rigs pattiat Wewprfdbehiguren\edieiaber a piogessinglseq. s
perspective view. of fer stack_.a ding to a nbodi nent of the present
Pnvention. 1HOBTSY e AR eFeording fo 0 Tdherienthadty il of B Bl VSR or st ack
of the present inyepti1on. ishitgpiRwliBnienRAGhARSI 8 A ARAR prtR¥mpaken _
generally along Iine 17B-17B 'of Figure 17A. Figure 18 is a perspective view
of a singul atsteb.di e stack of the present 20 invention. Figure 19 is a plan
vi ew of a package ccorgbng to an enbodi rigeat of ghg esent invention.
Det ai | ed Descri pt /08P >BHE 24 5% H d FIbermept g6 }q%{qaﬁr%qesglﬁg i nventi on,
reference is S@Qe 25 to the acconpanyi ng drawi ngs which forma part hereof,
and in which is shown, by way of illustration, specific enbodinents in
whi ch the inventi driguay4hea bpttan tvievedf a dicaseordimgdd amenfoedmnent déder i bed in
sufficient detail to enable those skilled in the art to practice the
i nvent i onl0 oEesEnEREEiO%ent s may be utilized and structural, |ogical, and
el ectrical Change%igﬁdé 1895 I8d& ats&%gygﬁggﬁ&ﬂﬁgoﬁﬁieg%@é@r&iﬂgtéﬁ%pe of the
and” su te use

present invention. e terns wafer tra
teachings of the present invention.

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 changes 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 exanple, to formthe
integrated 6 circuit (1C structure. The term substrate is understood to

i nclude sem conductor wafers. The termsubstrate is also used to refer to

sem conductor ,str ures cessi.n and . i.ncl ude. ot | ayers

that have bedff¢ Fﬁgﬁ)éﬁl&‘ﬂre %%gwgﬁlﬁ)sﬁggg%%%?og%n EPW8n$W5?rude doped
and undoped &, ggqi %@@éiﬁf%%rat@ﬁélﬁ%hs%lit@%ﬂ&@@&ﬂ%ﬁ&udt&yﬁf&u&wported by a
base seniconductor or insulator, as well as other sem conductor structures

wel | known tdariog@reksding end mawhucledetothéﬁ‘rieyetrethat boredieen dabricgtednder st ood to
i nclude sem conductqrs t or ed to include any
material t hatth‘?rgupqneﬁot@W@E‘Fraf’ sk S?T @%@B@?& dtaﬁ‘aﬁmﬁ terials referred
to as condyctprs, Eta&oﬂso ﬁkia%ﬂlgoﬁcﬁicajrhs%r 551&&&5}091355% therefore, not

to be taken in a |mt|n sense, and the scop t He present invention is
def i ned only semidonducpparidsdatot, as well as atlmngermcbhducltm strubturesowgle of

equi val ents to which s ns a entitl d The esent descyiption
e?rpl oys a nuﬂ@@“é%ﬁ@%%@ﬂ%‘ﬁ%@?’é &E@teﬁnr‘?fﬂ “‘(tP"e‘IStunH‘BQ H ‘Mﬁ‘i i gnl fi cant
digit(s) are F&E:oﬁ%oﬁs e r&%ﬁuwﬂ%{eﬁﬁm he Tide ﬁ&@&wﬂ%&s appear .

Accordingly, simlar errent s wl e s east significant
digits. For emmcmcanpeoﬁd]hﬁw thiae theafiterials oefelred & :isa;oarluctters ddsi gnat ed by
t he convention_ X00, ere "X'. i.s the figure nunber .., .100, 200, 300,
etc. The kﬂei‘é‘ﬁﬂwﬁé%‘@iﬂﬁﬂ desripdensisy Wérf’tf%flen%(’t t Bﬁ"akﬁﬂéflal!i%kﬂg §9E% referring

20 10 the subgh il oBDot b sk lRfRAbAS AU EH R, B o bO5aRa iR o m 1L oP”

refers to the sur e on ayers rve Tritegrated

circuit StrUQldﬂl"g@Vlﬂ’[ﬂleﬁllﬂ)E(E@ﬂOf_E@Iﬁvﬂemm ﬁmhsuﬂeélahﬁsmehﬁﬂed egi on of the
substrate beneath the surface on which active circuit structures are
formed. Figure 1 %MGS&H‘V@FS@FP@@CPH’!H%XSﬁ#‘r@%é@n@@%meﬁ@eé'mtdl e 105 each

25 separat ed oM At ase Uemdicn Mo Rataeshs A0, a8 HhBe 0P, AR60 | ncl ude

|ntegrated CII‘C row € conu on getwe n the

i nt egr at e Cltl![dlmhﬁlﬁer@ﬁ;ﬁbeﬁt r &&dordingly] ﬁltdiﬁr siffarsdlBtnita 1l ARk Be€amdhe die 105,
in an enbodinent, includes a nmenory circuit. The nmenory circuit includes a

dynami c  r andest Sisdfsant gigiesr oy EJF%E(N@I the:subsivaie, walsdir bese leyerie nenory
circuit demgnated by the convention X00, where “X” is the figure number, e.g., 100,
200, 300, etc.
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 coul d be a synchronous nenory device such
as SGRAM ( Synchronous G aphi cs Random Access Menory), SDRAM 7 (Synchronous

Dynam ¢ Random Access Menory), SDRAM I, and DDR SDRAM (Doubl e Data Rate
SDRAM), as weII as Synchlink or us DRAMs oth e rging nmenory
t echnol ogi es (SXCRFRRMS P ﬁn%’é%ﬁ@omq'g@e?'%%ﬁ)egg the die 105,

in an enmbodi W&geﬁmgwﬁmﬁm as%ﬁa%g dﬂi’iﬁk%rk‘dﬁ’fbﬂ@bml*de a

processor. The 05, in an enbodi include a systemon a chip, which
has a pl ural iahg othier etnédfgargamemornyt tegmaleegiescas knowh is thewrt. UFlesintagrajed | ogi ¢

t d 1 Th t t ted
cl ¥ Ul t 5. Thelmgili St hedied 050 AR gH. dAe e FBauoDIENDS Bst r at e
whereat the fé&i%? &a ogésa+rdel€ib'd{'é P04 ‘M’hﬂ’éﬂH@&m%hﬁn&Qgeo%)é}%R grre 2

shows a side view a arti straté i ncl udes
a plurality afchif, aQuéhGﬁs a'ﬂh&aﬂiyeﬁ“dﬂw&enmnﬂegﬂeedl dmoagrs&uaﬂras; eguﬁc@c (not
shown) that are fabricated using techniques _known he art, such as
etching, | i CHegsARynerIRYSEFYitonl hegsp SrgetsdPe dombe@mw@ﬁn’t@we@# the

subst rate 20018 Sl solSeE 08 BelllondiRliye 4RSS oPRl HOMLA Mbithent 2t od

circuits. The Back por acts as base e active

area that cogdltiat ik divedgdahedndivididl diss 105e  back portion |ncI udes a back
surface 211 that comes into contact with substrate handli ngz%) ui pment ( not
shown) duidi ng f abFige 2 showsa sideviert el partd substrabe, weth 2 Wakes dte the dies

recessed. o BALRBAEBRY PRI 20T THRRRS20s Bhl NI AR POCoccea

trench 216, kkovx) tRiOEFBEDBdted Lsing chBiduélykawnt ih e &t lsath as eching, substrate
200 along the saw streets. The trenches 216, in an enbodi nent, extend the

| engt h of théﬂmg@hmpoﬂfﬁ@n,tdoéﬁwhé@ mﬂlpmzb%oéﬁbédbm%%%@m from one

side of the st,ra oth u The
trenches é @?eél 35 eetéarC n"F%‘Pﬁig{%fﬂ t%%é%ﬁ]élgl cﬁT ﬁm?logl defines the
wi dt h of 1t5hea&5a§ b8 EhemppdBing e ﬁﬂﬁv@@ﬁ@dhdt’%ﬂﬁtauﬁshﬁegiﬁﬁéﬂ%cﬁﬁé Tdter 215 is
a saw bl ade. In an enbodi nent, the saw blade is a circul ar saw bl ade t hat

i s mount ed t back postien inghvdes 2 Hagkarfoe Bl hithatepressdtordostash with s(lbmat@ hown). The
saw bl ade ol o bk S0 Ot o U oGS HERLENC A LF ISR i hatRa¢

mat eri al .
intermediate the dies 205, A mechamcal cutter 215 is aligned with the saw street

208 and forms a recessed, closed bottom trench 216 in 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 cutter 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 mounied 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

the substrate 200 relatively 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 into contact wth the
outer boundary of the substrate 200 at the saw street 208. Mechani cal
cutter 215 and the substrate 200 relatively and linearly nove such that the

cutter forns the 8 trench 216 in_the substrate. In an enbodj nent, the cutter
215 is stati ofgRSh Akin the anbsirpter i apenibedimsnh the Qitter 21 1ssttoRay @t er 215.

n an emodi Ml el 260 RRVEARRE% iR AliEl )10 3h Y Afbolfiferf thE OF 215 MDves

relative to the substrate. e cutter 215 is positioned so that it cuts
t hrough a t opsshsthec04R dtationaoy tilskthd chteh2 16fmoves relatied todhe si@tB6ateThe t op

surface 221 is the surface of the substrate 20 wher ei n _and whereon active

i ntegrated ci ABGFEderZle 1?3%??%5@8&%&%@{°“@&é‘t%ﬁww 1antgdbs not cut

conpletelyc<th It t i t he
np Y st NEOHI8E 4,8 gumage RO bR @%@ggagé 5&11% AU RSt R SR the Jﬂggﬁﬁg 300

cutter 215 when -creating the trench oes not cut throu surface
211. I n an enbodidifemid whéreo udtiverinteprlagedi oircoits e fhitafatgdoHovwasvez e of t he 10
substrate. This results in the trenches 216 bei ng open _at the substrate top

surface 221 aRdigeilagoes maeyt camplaelyfbroughths bass portior/dR of s bsiatespaced

upwardly fro e . t?eéh%’ L C er 215

forms the t:n(ghc Ig,zcﬂgiéﬁ%@tg‘igg\@%h cﬁéaéflﬁg fh%e ?%ﬁgioggﬂ%%gﬂg%ﬁg e 200. In
an enbodi nenturfide@1¢ Ul &% edBSdiiehiyehel duttet LRNTIE thettasOpational b of i t hi ckness
of the 15 substrate 200. In an enbodinment, the cutter 215 forns the trenches

to about thflo- sutisirigs ThiresHisdn tesstsenshes Hb bringseneatab tronbstrate (P enbodi ment
Lne Cutting PLgesss: 68 BLihBERsOEHGH M hitoh SPRR!Ellch HnERE pBled e SaW

streets. € i fen cUttT Ng process descr i €réin is repeated

for only thosgpwadlptenahssubifiatkbatk siekiendl.i Acéordghy, tid @ttt 215 rmkhat are
parallel. In this enbodi nent, the saw 20 streets that are transverse to the

same direct i ofhedeenchasi2détie abgg halidke thirkneweof the sbstiats 200 6Imae not cut .

Figure 3 shows ubstrate 30 ter further proc i f.the EFj,qure 2
substrate 200°™ Oﬁﬂfﬂéﬁﬁ% Wtéﬁg{f%)r’mﬁﬁfutf °§%9_sﬁ8t‘%"8ﬁ§3§%§’%jt§8'§'ﬁ%“?ﬁ nonact i ve
subst r at e 1gackitiRRhiei200. 38 &APsEMRL) theagir 31 TRrBd Ihcdterches ®WBsHI @ice 300. In
an 25 enbodi nent, the substrate 200 is flipped after the top trenches 216

are forned. thirdsthecthiskdessod the subetraie Beq. r ntan @ disentnthelegttmgmeoenss ent at i on
as the Figure

beneath t he s‘él%glflﬁ o %rgi%tig rf:%(e':)z(t)tec‘%1 ?oq e%tc Tof the Q%{? ist%gelts.cﬂlté[neermb% R !31%, %%Si tioned
cutting process described herein is repeated for only those saw streets 208 that
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 positioned adjacent the nonactive
substrate back portion 310 containing back side 311 of the substrate 300. In an
25 embodiment, the substrate 200 is flipped afier 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 atrleast one back trench or kerf 326, which is

shown on the top of Figure 3. The term * back” refers to a back or base area of a
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The nechani cal cutter 315 includes the sane enbodi nents as descri bed herein
for mechanical cutter 215. Cutter 315 is aligned wth 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 |east one back trench or kerf

326, which is hown on the taop of Figure 3, The term" back" refers to a
back or base WREHOpfubsiralg %‘Y@Bh H’rte%ﬁtg‘if’%i’t@aﬁ‘?fsm %HHF%F%‘%&Q{ BWPETS i ¢t

layers are fofediangdel bad dSHRBPESain aBE PhldotRePERGIREN AR The CONt &1 N
active integrated circuit conponents. The back trench 326 is at |east to

hal f the thi chavkdsnoh 326 = Idzst todtadf tROMhickhkss dfdbksubstrete 3003 Iheibaclabout hal f
the thickness of _the .substrate 300, The .hack, tren 326 s |le han about
hal f the thi cts%élsﬁ_éfm? ti@ﬁ&? 0GB PaH R A0 ambacHRIch 326K 1 r anch
326 is aboyt E'Tf'sastr’c]gﬁl{acﬁo{lh?alﬂﬁfe%@ms Bf thle RELSHARSIJALIR 2R Uhboliindh, th

enbodinment, a p ty o ack trenches 326 are forned beneat aneacti ve
area of a dikacRlfencHB26 Faablout srerthird shShéckaess of tite satbstaatdi3DO0elemt angl e t han

the top trenches 316. Specifically, the directions of the |IC fabrication
side trenchessBaetingnt AR Ry oA BRcY ﬁr@wQPﬁegiéﬂze f%dtheaﬁ@gé%%mf%ar@aach ot her .
I'n an enmbodi neat 4ot ' I : e
orthogonal . In a(’;rllwtgB .Ogﬂ%)%g%&%ﬂgeﬁcﬁéﬁgﬂﬁtgﬁgﬁgﬁ&ﬁ%ﬁgfﬂtﬁgﬁ@tgéts and 326
are at about ®éhctegsresSpicifitallgshediredtions efihb IO fikeicatibi side teatiadidnent
directions of the trenches 316 and 326 are at about 45 degrees with respect

to each offerand the hpckdrmshes i are Hppwirse dhgachiotheie In an e t.31% and 326
o g e g 4 5 AR 0B R R o

other. In an e I men lrectrons o are at an

angl e gr eat erditdeabnadiaue réteidegieeand 324 dre hEsHmE DO Hogrearwith rpect td he
trench(es) 326 are forned at a depth that causes themto physically cross at
| east one ofcachetheppin sresrabqdimpntzdiseciions af Eie Sisaehes 346 3nd 32 eesa

i ntersections,_327 rm. 20 t.hrough, hol pertu -1 hat .ext.end om t he
substrate 11 rapt 44 R e EOBER q R SulsRP AL b lRlanaRt g g bSD,
However, the tsdtofiéy EandCR 6Bl aSankle of grébidiehanSshduess @zgfbé@ﬁtﬁr, e.g.,
wafer. That is, a plurality of dies 305 renmai nh connecte to each other

through the nespestito dogle Rthen ghnom @alpdineniudisactigneof3be trenches316anh 3 nent , t he
Dk, 1 oo 220 SRR B o TRl e KBl SRR Sl o 0 T
I nvention. trench(es) 326 are formed at a depth that causes them to physically cross at least
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 other 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 formed in saw sireets.
Figure 4 shows a substrate 400 according to the present invention.
Substrate 400 includes a plurality of die 405 separated by saw streets 408A and
408B. Saw sireets 408A extend in a first difection. 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
a plurality 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. Saw streets 408B
extend in a second direction generally perpendicular to saw streets 408A.
Top trenches 30 416 are fornmed in saw streets 408A. A plurality of back

trenches 426 are_ forpmed. in the_back portion of sulstrate 400, Each of the
back trenches&%%ﬁf%‘fﬁ t‘i?ﬁ@?rs 42g eﬁﬁeﬂgéﬂl etr)?a.f}:f a@@@%@%ﬂémﬁfﬁcﬁ i nearly
aligned in th&cﬁ%@ﬁ&%ﬂ ﬁ‘&{ebg!i'ﬁ 1t defd HhRNVELY tdfﬁheﬁﬁ%lﬁti&ﬂ 8RB eaci426 extend

under each aligned die 485 and intersect each of the top trenches 416 that
ext end transviessbes 42G Hehrdiglecins 62V of folneedod the interssatbssof4RG6topTamdough vi as

427 are forned at the inte i Qns, of the p_and, back. trenches 416, 426.
The back trenl?ﬁ‘fggeﬁ%s 43%) {jr%gcfheﬁ{?'@]fﬁﬁlﬂ‘é’&s 3%6& strajed g Bhallel to
the secondsdi LeGld PR RAYS Ble's6&I8 dhlBFn ﬁ%ﬁfééts%&?ﬂ. }g%%gdrin%lg%h%ﬁes 426 do

not formintersections or through vias wwth any tren formed in
t he saw st r eetrsich&B386 damdttfern idterséatiahedr eandupdiviesntith aoy trermhairdsrfare  f or ned

in the saw streets, 408B. Fi gur shows.a top, perspective view of a

substrate 5000HE® rbﬁ?lﬁ@awatrsqﬁs 3@@%1@%@6@%@%&%@ eHEi on.

Substrate 50%8@&5”&%@33”%%@@3/ dies 505 bound on two parallel sides by
an

saw streets on the other two parallel sides by trenches 516. In an
enbodi ment, the trEgahkessHo®6 agop ptiepediies Wiew of amdbstrity 508 abeordinglto et t i ng.
The back, nonactive device portion of substrate 500 is mnechanically cut to

f or m back 19 r efetReimentet the praseng HYSAI R Rubsirale SQQé’RCIH@StaﬂﬂW@HE%diSQ@O re kerfs
as descri bed '%Elﬁ'Oﬂ'ﬁgﬁrl"?}{atggpse@%gﬁpﬁ%sm%é Slﬁgﬁ eapg%h thd Sﬁﬁfﬁgoﬁ%ag%l?el' nt er sect

at 527 to formthrou ng conp hr oug rate 500,

i.e. from theid®bystci€hdst16hén haekebsdigent, Baclherthed S ate esp kit fortheder
i ncl udes bond pads 530. Bond pads 530 are conductive contacts that are

el ectrically Wonedenisal eusting el herhaskrnanaelive deyisietrsrimm of; subsipse 5S4his bond pads
: e P
530 20 for mrﬁée)éﬂbgﬁ;%%@ %Lgég f%ﬁéékttﬁngﬁ(ets%bﬁgél %19 ex}nﬁgd fit, 2Wpackn an

enbodi ment, t are connec 0 l'eads 11 a package (not

shown) . Bpfd tRndBesT¥@ aaé Rerfd 4 dveetivey hersial TEetoparenehess 16and®aked area of the
waf er 500. Bond pads 530 are forned inwardly fromthe edges of die 505, the

edges bei ng destichrscpAeyiniorsaet & 52 & & HrogbRugh glas sptendisgceawlgals thrplgh bond pads
230 are 1 or edlilyshd 18, AmTReRRR LA ERLSIET K Ot fre s frngRch Do
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 external 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 1s, 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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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 fromthe 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 th t 500.. . Subst r at 00,1 ncl ud I it
ofI ;ct: \S;e c?r%%?tf%r%él%ﬁ?sf@??i%gg&grexggpﬁrgg%vsfég%gﬂgac %Pl?ﬁr’lgﬁ%{l B]&a Ir[:oﬁr :C![i ze
circuit side fdrpsaiRSarak skéwh fn Fikikrct? @nd T&sédt eI 648 tangr&dh wxt end

transverse to each other, essentrally éfﬁe\rﬁpendi cul ar as shown in Figure 6,
21gH.

and intersect at 6PlE wilthef thettpretrennhs il 63 L 6T A0, \iP g1 lgmbdimentasp t r enches
216, 316, 416, 51 i.n_an_enbodi nen e  .Loraed by, us a .nechani cal
cutter 215 orfoﬁggb?fﬁgng\naﬁ%gﬁwﬁg&?ro%Storr é&%?hg@e “%Xtell??rtﬁesqsc’paur@émeeqsual to the
width of the meabant eqlal (e FidthATARS fhlefltinioal SliRr "ReBa iy, tRéit ter only
makes a single pass on the substrate 200, 300, 400, 500 or" 600 to form one

kerf. The kermesliadical at@y\wnls neales 2 single ashod thesubstrate 26k 300, 40000 or

i t . f i dt 6 516W, .| di t,. | t th
Thout 200, 1 edgm oKt Tt ks pidta i, R o Fannmmn easimeie gt SEE 4 0" 20
equal to the ModhRsordétetshernt @R ivAMCNSIV, 415V aARAHABRENt fslﬁ?ea\ﬂérdt h of the

top trenches are greater than the width of the back trenches. Figure 7A
shows a part ithin shius 200 trecrpORterh athe woltudEthe dadlutrénaiee 3262 26plfdare bet ween

two top trenches, 716, jch.in turn abut. two er di 1 that are
par t1 a1y LEh et itas vl SR i esBe do e ot 88 ot oBosi ¢ oned
in a 15 |ine glang 4Dg-oRRHRM (RE widlf ofiiR Habk irbRcHe@Ngi tudi nal di mensi on.

Bondi ng pads 730 are~positioned on the substrate top surface 721. In an
enbodi nent, bondi rifjgpadsA sIkeG apaetialctbgmsd TG0othetinclndehe filibdik 786 bstmdt e

surface as the integrated circuifs i.n .the die do not ex dinto the
non-active b HEIedAP 3?“@?@%%}5’%@2%%@“8&%”@Ouﬁééﬁes%gg thatareyosi ti oned

| ongi t udi nal 1.y £ k HGU I - The

bondi ng pads %{ﬁeﬂ@%&ﬁﬂdl&g?iﬁa&@g%z%d%g;oglhglggagﬁ%cﬁ@ag%@g@%ﬂ%%m efi ned by

t he trench®s lifitGlonk the esnt#i3df thadiend ith tangithfimalbdinghsign pBdading@atio73(edge
contacts 732. Tracges 731, in _an enbodi nen are formed by third

met al | i zat i orffpPeBsdon the gnhshats R FHr ?2#-351 o) enbsimsat, Byndigpsads i ng a

conduct| e, it ehryhek el O B Winyl T Repigl D TR 2012 T
(not the die do not extend into the non-active back portion of the substrate. Bonding
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 i 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 edge 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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shown in Figure 7A). The edge contacts 732 thus are forned in the substrate
top surface trenches 716 and in the substrate back surface trenches (not
shown in Figure 7A). Accordingly, electrically comrunication to the
integrated circuits in dies 705 are nade fromeither side of the substrate

700 through the edge contacts 30 732 for .in the . through wi 727, and

t hr ough the.tracesﬂﬁerﬁlﬁ{gac”ﬁl(%td zﬂé#@% ?@ﬂlé Cgﬁtﬁgf”ﬂ Ch “gf)ong}%‘éepe 721. 12
I'n an enmbodi "Bhferiat é}&eﬁmﬁmé%ﬁdiﬁ%w@mafe%wﬁaeﬁ thORa&RMIUGtd ve

mat eri al except on the bonding pads 730, the area whereat the traces 731 are

formed and t hionnhd endjthevtheugly 2ias 72A. Bnarcerboedlivnent, thettrases Y3kcars foguedar e f or med
on top of the non-conductive material. l.ayer . Exanpl of the .non-conductive
5 material in® BESHOT Yo CRIEC Ryl AV BRI o e Mo B Sout enes.
The traces 7@1&&9}%&1&@59%&4&@?0@%&%@&&91@5@% BedZd8yAsRRsndk! epneof the

e

non- conducting materi al . i ndi'vi dual "di es 705 are separated fromthe

adj acent  di eisadey 781 endtiraughigas iV ¢ feoted 08B wens fowmiliet Doy t he cut
through the suhstrate at. t t.rench 716. an _enbodi.nent, the dicing of
the dle 705 | SractEraPtel Ty HEVHIA G5 07w Corged FRLe e et
dicing is per&es pRaich aibfS8iv sttddt AREEAROYRHng ﬂb%hﬂﬂrdu%%ﬁﬁéfor med by

water jet. Figure /B shows an enbodi nent of 'the 'substrate 700, which is
simlar to tdubsisatbat topttenshdidh nranFanghodemens, the deptg shiie dia Hies 731B ar e
angled with respect to corresponding _traces 731 shown in Figure 7A. As
descri bed lRerRt ,ﬂnf%b@age@ﬁ% lyceuttings Jn 33 emperliguati HOPSITRSEYEEORY 727, The

i ntersection 7 . i ﬁﬁ'@ e 700 where the top

trench 716 c?gg%éggéﬁ%n&%@ﬁ?ggﬁ%ge%#e{fﬁe |§ur§&:§%&'enbodi ment, some bond
pads 730B are not RigsietTRstenvs wh angaidingerd\oé theesubsiedke TO@Neich Twimilat foe trace
731B that connects such bond pads_, 73.0B are angl ed _so that the bond pads

connects to ofe&MgEratcahowain Fugire SApXeens somp Uit 'SdBearp aogled Witich as an edge

contact 732 -adi . . Ahi PS el he
substrate 70 %%ﬁ{gq%gtre %%&vﬁtﬁgiaﬁélr%%ﬂﬁ%uﬁgﬁ%é ‘%ﬂg%(;ﬁit)ie nﬁ%ber of bond
pads 730, 1¥30dge bontacts §pbarth forntd intinRreondmcs. The iesectiodsT@d agd each end
of one back trench at through vias 727. Thus, the m ni mum nunber of back

trenches or tthravgh holgs i thesubsteatey 20G where tha tep dieneht 7%%?%@332]5 730. In an
embodi ment . gf L, R 1f {8 FigRE 9B efibBirhOR! softd A fulls 9568 el BsiliBed! ©

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 substrate 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
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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 froma substrate, such as substrate 700
shown in Figure 7. The die 805 30 is di ced fromthe adjacent dies along

both the saw stre in which at f and, t he saw reets in
which a trencﬁ’ cglrht(gfnpgiaﬁréxéepqﬁfgngg Sug%e c'%@ﬂ??g %lgﬁgeﬂtsgﬁrgﬁgce 811
due to the plyalif eaﬁfthbﬁ&gftﬁw@cwme@@én&zﬁs%? Ty ae &0k Nintdae non-active
portion of the substrate. Each of the edge contacts 832 are aligned with

one of the bawkbadimenicis nackanch @sing 2s: edplssoniaets §38 that arepgecessitlofiorent , i s

packaged usin e 2 tha re fr top, si de
or back of th&® peSIEdF% q%?-ﬁﬁ%ﬁ%ﬁ?”?ﬁ% %W?g@ﬁaé% u&f‘ie Q@niwéﬁc does not
contain acki Vges nbEstinksin abibveiRUE i4iBlouhd hﬁtﬂhﬁls%%%ﬁb]lﬁbia}t‘laﬁ']ﬁ%r In an

enbodi ment, the back surface 811 i's ground to the back of the edge contacts

832. After trﬂnﬂmhlmemlﬂiedmekmiaw&@mmundtdﬁebmé{meﬁ@gq)ackaged In an
enmbodi nent, the die 805 ted to ur.t sub I n an
embodi nent, t P&t %?Eﬁﬁ;gr Pb'#erﬁgeg]%“? B#T‘FD? léﬁgrqugga{h 318 E’r ‘5} e nunber
of 10 bond paﬁﬁer@@tﬁnh@nttﬁﬁcﬁé‘kds @@ﬁrﬁ&%@aﬁhed&zfﬁﬁﬁ%ﬁsﬂb@ﬁ%c% Rack trench.

In this enbodinent, oné back trench 826 is cut so that it passes directly
under one bormhlquandeﬁ;%theIﬂxé)er:oﬁb@kttreﬁ&ﬁesﬁ%ﬁmdwt a;uaﬂ)tteﬂﬁrmdnﬂfereﬁch back

trench 826 at the _edge of the die. e 8 sho o per spective view
of anot het? rﬁ@g'%ﬁgﬂ&fﬂ%@m?geﬁ‘i’%@% Hit‘?aﬁ gﬂi Sextend from
bond pads 83 t e Qgpg)ﬁgm ) < ygi tioned
directly aboveghl%cﬁle gﬂl ﬁ%?"é’gﬁn%hzg ISAccor I'n ?&&sé%%g%? H ‘_;L%&{extend at an
angl e to connedt830h©reandtap’B i8 Fahedamt onmmd:mfrﬁaalmbsck&iaéhch(&ié atdret act 832 is

formed at each end of one trench 826. The traces 831B are at an angle
relative to t998c8HYEIHf the die 805. The traces 831B 20 are at an angle

with respect to trg 8%35&@@9&?36@@%8%?@@?% ﬁﬁ:enelbgﬂmré BﬂfébOd' ment, a

back trench 826 is u so tha one bond pad 830

One edge tHntmedenBidRentont Traed SallBeamlnd@mhbnﬁndelsaoB tb cemadts 882.bot h  edges
of the die 805. The traces 831 are parallel to the back trench 826 and
connect bond %0&‘1@0{1@3"5ﬁéoﬁéﬁen@@ﬁt‘l&eﬂe‘ja@lr‘@ﬂé apeffethe paglwerthdB26The traces

Accordingly, traces 831B extend at an angle to connect the bond pads 830B to
the contacts 832. One contact 832 is formed at each end of one trench 826. The
traces 831B are at an angle relative to the edges of the die 805. The traces 831B

20  are at an angle with respect to traces 831 and the back trenches 826. In this
embodiment, a back trench 826 is cut so that it passes directly beneath one bond
pad 830. One edge contact 832 is formed at each end of the back trench at both
edges of the die 805. The traces 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 die. The traces 831B are parallel to each
other. In this embodiment, the number of back trenches 826 is equal to half the
number of bond pads 830. Thus, the number of back trenches 826 that extend
under a single die 805, in an embodiment according to the present invention, is

30 in the range of equal to the number of bond pads 830, 830B to half the number of
bond pads 830, 830B.
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25 831B are nonparallel to the back trench 826 and connect bond pad 830B to
an edge contact at the other edge of the die. The traces 831B are parall el
to each other. In this enbodi nent, the nunber of back trenches 826 is equal
to half the nunber of bond pads 830. Thus, the nunber of back trenches 826

t hat t end d di th
prgseﬁt( ?zventjpoﬁrFt%lr @9'?%%@ g@g&atgss?@gﬁn?qggﬁfeﬂge%% Ba gﬁd Sads
830, 830B to Halih atask petEpRtive viewh 6h-Bafle 8a6n (RRAPsurfAe EMJB[' gieDoshows a

die 905 that is simlar to the die 805 shown in Figure 8 but in a back
perspective vmewdemnlvadttV@éSﬁ]?@gﬁf@rba(ﬂbH@mhe%826 thebarg fornegd aficerddasto | ncl udes

a plurality o substrate bac n formed according to the
present inven @ﬁeseﬂc]@g?lﬁ ng :%FCO%F: %%?(g%c&frst’]rgfé%e%h%fsmam%ﬁeﬁugat ed 5
appear ances Aldi3nRdcdM Algidasyiite Hatleftehides 92628z 8etRat993 ACTRe 932. The
die 905 is representative of one of the plurality of dies that forma

substrate or dw®08rs mpraselgalﬁmﬁ angtof dhre. plialigvelrdies that formlasubsirate bust r at i on

only a single dj e 905 s sho in Fi onal dles
con%ect ed gl ohg'et E‘C‘t‘ffo W}éowﬁ'ﬁﬁ%u? ?‘9?? &fﬁﬁ“@hogﬁﬂg’tar%t‘%lg 1a“h%)i/)vaf ers as
descri bed ab%%ho&tﬁ if FRMFEo 1R dieNA cﬁesF\%ﬁlﬂ 88 cdhiReiclal et 9rie BEAEdI ng one

back side trench 1026 and a region of the substrate adjacent the back side
trench, whi ch905, é@mnip@smstratwendwfersmdascmrbetdl"@oback side trench 1026. It

will be regognized . tha h|s portio 3 Ltself t forma conmpl ete
die, for gﬁarrple Higure °¥“§a§t?69\?f1r9’?]5 %ﬁ‘?@% ecqpess a recess

that has a cl Gaegl jonbehd Qesitls HAGE sdd3RuAeh Medadii &@ﬁﬁﬁ&ﬁ%% e.g.

cut, vol une e substrate and sides 103 ef 1 ne e uncut reglon of
t he subst r at ereglodidms aorbeatcst tbd8Rn diecchdchsidedreath 1862 h'[t emﬂl betredolgmizedibst r at e

portion 1035 aI| ned W|th and at t%lf e ds of thf? % si de tr nch_1026. The
edge cont act stheths nestien ] 035aepeats splfgodaran & cemplste @9 sfop gramplgcdig §485 enough -

area to form z?ss‘ﬁ 1ﬁ @%9 T}_éﬁ%%tit@%é(lssal&reéééﬁ%a%ﬂgsga Obsdd 'R e?ﬁggtfg%cgcom act

1032 is essentl a ar wt trench interior sur ace Fi gure
11 shows fthe Hi3@tdeﬁnéd)byltlm rpooved)e.glG3E valungy off e biltstrater amdesdis1@37 Die
portion 1135 includes a back contact pad 1140 in the recessed trench 1126 in

physi cal and dafied by shg uncghregian Q/ﬁﬂﬂ%suésﬁﬁék}i%r"f’&@émd@3g e Paged abnt act
1132. In an anhadh BPAk subGtEBHiaE 1 032Pight d QithSnbi 4 FREnAS ofAGMaERd OF the

trench 1126.

side trench 1026. 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 embodimeﬁt, one contact pad 1140 is 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 cdge
contacts 1132 and traces (not shown 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 correspond to the contact pads areas

at the end of the trench. In an embodiment, the substrate back surface is covered

15



25 The contact pad 1140 is on a portion of the recessed trench interior
surface 1136. The back contact pad 1140 provi des back contacts that

el ectrically connect to the bond pads (not shown in Figure 11) of the
integrated circuit through edge contacts 1132 and traces (not shown in

Figure 11). The hack, contacts .11 ar f b Lting. a. ductor in
the trench. IW%HE ?%Cﬁ%%tta,% @%@ngﬁagaqigﬁ%%cogﬁgﬁﬁlémg ue%lsa? }sgﬁéh i s masked
then the condggiositedtafrared atitie ippRhacd 1182 hitBin physRsked dvtticons in the

trench 1126 which correspond to the contact pads areas at the end of the
trench. |n ancantsbwiifrehe edgerrontagbiotforn badaequtacty Fld0e In gn embediseent,15 by a

dielectric except t he edge. cont. 1 ~The c uct or ,. rial is then
depost ted i n Bk socl s gy B M b ol bibrpltEn ol o SRS IR the

el ectrical 5 caidagiverhitbridin@veddee &oBfr@s badlosurREMmBRKh&EPRERG Sval140. I n an
enbodi nent, back contacts are forned by third netal redistribution. In an

enbodi ment, téxsept foothgbeck ventats £140al covers the substrate back surface and
is then etched a ., except for, the. back copta 0. .Figure 12 shows a
back view of a port] Wﬁﬁqaﬁlév?gﬂvb%ﬂ(ar%qlﬁo%ﬁ@r&é eis\f}?ﬁttr%_ r15f Bcessi ng of
the substrat eﬁﬂtﬁéﬁﬁr@&s@&%%fﬁﬁa stBSMic botibh A48 £ as dhowt i@ FipRENI10MKE245 i ncl udes

both substrate regions that are adjacent and upraised 10 relative to the
back trench 12286on TS moludes btk sphatiaieongivBsithal areladihesnttand uprasedh 1226 with

one edge ntact. 123 | i.gned. wi ch end of the nch.. One back contact
12401 o f S et e Gai0n PR UGICH 120, AR CH L EPorieie o Bes TRttt o back
surface 1242, 14iGifh bise éﬂ%&%bﬁt‘i& 1@%%11@&@@%@%%&*&&5 £aR,. Bbhaprd the

back contacts 1240 i1s subjjected to back grinding to bring the back contacts
1240 15 i nt o gateet 8240/is fbrararin cetla¢ridorfshé pench 1286. Thbwprasted shbstkats ur f ace

1242. That is, fhe_ s rate regions.adjacen he trenc 22 hat were not
cut are renoi¥d §6rfi“1‘?g]§iﬁtﬁéwhil% prasedraplive t%h?tﬁ’z}ﬁ%ﬁ?%& "‘é‘g tially
flush with t : ' -n;]'i?ﬁ% ' f fini shed
di e 1305 accgfdglpgg&f%@?%?fs%}%%gﬁg t(ls:h%gn I on. t%i%glﬁggeé%cc}shgggq%lgl urality
of bond pafls ih3entially phmear fel BiondMip patte, subdiratbacksnefade 1342, iTiaeyr diced

circuits interpnal to the die to external circuits (not shown), A trace 1331
connects eackUBEHe ff&@nf@g@"?fg %ﬁ%‘@&eﬁ@g that ¥ere nof gyt arpremapeksa Bk act s 1332

i ncl ude a_porhi A 100 tHEk LidPhcs Yok A& sliall) RuliN SN baiROILAN A0, the si de

of the die extending fromthe die top surface to t
Figure 13A shows a top view of a finished die 1305 according to the

present invention. Die 1305 includes a plurality of bond pads 1330 that are /O

20 pads, which connect the integrated circuits internal to the die to external circuits
(not shown). A trace 1331 copnects each bond pad 1330 to an edge contact
1332. The edge 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, Inan
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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surface. In an enbodi ment, the die 1305 includes at |east one upstanding, 25
conductive contact 1350 on at |east one of the edge contacts 1332. In an
enbodi nent, the contact 1350 is a ball contact. In an enbodi nent, the bal

contact is a solder ball. In an enbodi nent, each of t he edge contacts 1332
is connected to 0. t s, that are
generally parall :f%ﬁ% gach ]ogt%h toE'g gﬂigc(&e%% d{lﬁelg{s)ls d{erggglfe the die.

Accordingly, inbededpaiadQF coaacthashe ﬁfaemraﬁgnédwithebmmhextdmtpo@mlonemawe one
edge contact 1332 fornmed in_ alignnent therewith. Thus, the nunber of back

trenches is e¥parite edges REthein bt ofonﬁﬁfdh?)a%oa@mﬂ@%@@@mwmdﬁw enbodi nent .

Il ugos pai R dara BPePLERAE 135 (TRl RN B ol B g™ '

posi ti oneds atcon@RRORI3RE Teed Géiter @fﬂiefpaudifeoﬂtaa'é is é3Meettd b @tﬂ%@é 133B gont act s
is connected to a bond pad 1330 through a trace 1331 t is also aligned

with the pai rabindgigdel 350Bdhatasnef aligned Wllihéhﬁtﬂ%@f@mﬂpﬁe Tﬁ@ﬁfacgﬁ%kﬁlt acts is

connect ed by trac 0B;.1 aligned with the
pair of cont a@q‘i‘nds ?rf'giewngﬁsfﬁaqgng iﬁ“BCH g%ﬁ %W%I?SES %t to the
edge of the %@u&@@ﬁn%%%&bbm@%&ﬁmnbae)fbbm@@tsléﬁareldalumrb@nbodl nent,
the nunber of contacts 1332 are equal on both edges of the die 1305. The

number of badioth edgesieéthe(hoil3@holle mefﬁrglﬁb@ckltoefm &) (npbshosgsintfiguret he nunber

one trenchl 1 TPt Bn Bl Buriomas of ot a0 fF FiE porfes T T8 dRm " an5
each end of 4ol &S B nAERREHL BAIH: Th AR cAENRIerfcabR Bk R ERASa&Or med i n

die 1305 is equal to half the number of bond pads 1330. Figure 14 shows a
back vi ew of auefconiashEdb2dit eachd8 odi¢leeoretichg Acoortdimegly, Be purebamf baclvent i on. Di e

op surface teiehe et e 15PE %S Bifmn rrspaspr barkpeBdashcr s 1440 ar e

connected to the phpralisthoRt a BIGEVIERYIAH Mt e 14PCREUUG oGROt aCt 1432 is

connected to one baCk contact 1440. Thus, the die 1405 i ncl uges contacts on
the die ttp guedeatimyedion. ddigd468hidfchules amhlralfrtg ofl edgdbaakactsur432dhat One 20 back

Cont act 1450 SETBLIE fls i a0t tdbe dihsck SRCork BRFAIEB0ARN an
ggﬁfg'ct”e”t CRRaRG! 44630 dotndotsPlodRE phithilty of B LAMRRAIB NEacPafd: Lack
contact 1432 is connected to one back contact 1440. Thus, the die 1405 includes
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 contact 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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1440 has a contact 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

enbodi ment, each of the dies 1505 include nenory devices. Thus, the the

stack 1555 expandscie fIRiRiot sSaRE] bie@iRlircli RO0BbEnS! epdRER: pllte contact s

1550 connect an upper die's substrate active surface contacts (not shown,
but desi gnat it Hif6\shows iXBurenttehas idé dostactsd 560 duee drod0 contadimg)anpthen | ower

di es non-active circuit sjde contacts 1540 eto st .die . 1505 as shown
" Fi gur e 1505, d1 oA BRTITEL (iRt RoNARS ) 131 B Be B AL ARk A 1640 1 1 oo
from ot her Cgﬁ?ﬁeﬂﬁi éir(i(u g@ggsﬂtag& a¢hss Hrdlles msmvﬁig(t&%mn th)@rt(?p Mged 17 to

connect the die stac n external circuit (not shown). The | ower
nost  di e 515085cksdupfane aliovilguties throhaxtéd to admoermicliss shbb that theadié stank cont act i ng

another die 1505. In an enbodi nent, these contacts. 1550 connect the wafer
stack to an 183} ]éﬁsr?al?mglertgﬁﬁ if eysqpiiallyrrawabio tW§’,%fﬁt ?fé’l‘ﬁfilﬁ COBHEUIIE i ng

contacts on ti&dcRA s380n@ uRACKIRHI 1536 Snlihithit ae §idso regRnect ed to

adj acent di es suc e stac a profi at is
essential | y embadinient,ichetapisdbss ereabontrbediédapaotamnedtions tgat hhtwea kivack 1555
and the contacts 1550 internedi ate adjacent dies. In_an enbodi nent,

contacts 155804H® i€eheiedl | Bas prvides ssmabltaskdictahs thap i espepislly thegim prof j | e,

i.e., height IS i . i t i izal |y the sum
10 of theI%t hPE}Eﬁé@g@é&%ﬁ?q’? ﬁé@%}?éggidfsgg.%ﬁ%@gg&%oﬁ?hﬁﬁ?ﬁ?@g@{%@k contacts
1550 connectorreet e diesdttko bB@A BEAiRE cloih RefinebstBuct@anect structure. Figure

16 shows two wafers 1600, the top wafer being inverted relative to the
bot t om waf er suchFigia 16 showsdwioseafans 1088, the thp wafeebeingswesed rdalivgdPer s 1600

face each other,. ..Thu t he tive Vi reqiaon f di.es 1605 both wafers
15 1600 faceﬂgé)c?ﬁto%]t‘ﬁ%ﬁg S‘W%i %t%%%c(éls g\%\/ﬁi Y %9%:365 eacfé’f erw?tglgs%frqg of

clarity, eachce@hdh KBE5 This, tideaiveareics gehidktoraish 1908EF ot mhfetdNt er connect
t he bonding pads to edge contacts fornmed in through vias according to the

t eachi ngdSof 16Mbfape eashretheri Whikenad show inkigareblédionesssons ofeclarp, 990k t i ons of
cdge com act 5 Ro8R Bl bRk BLSLRI0RR P B S OBE LRE R AT, 1
ot her waf er d@RQGonRAeEITHEWINhro8dl RiadacordiRB R M t&RBINB0LEthd pre@hect rically
and physically connected to one die of the other
invention. In an embodiment, the top 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 connections form a portion of the edge contact. In
an embodiment, back contacts as described herein are connected to the 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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waf er. 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 nmaterial in the through
vias. In an 25 enbodi nent, the trough via connections forma portion of the

edge contact. In n. odi ment ck contacts as Scri rel are
connected to the e d@ﬁrgg(g?ﬁogﬁltzg m?ﬁﬂés Wftﬁéﬁleo%ﬁ?l?e%&’leé’é%qeg‘fmg?n 148t one of
the wafers 16Qfnkst tRIARS ReFetL1 600QBRAR Y Jilfer etBFIsUNBHn 16 i0h6 W bkill in
Accordingly, the present invention provides contacts and connections to the
di es t hrough ﬂlh@WlFasemeie,dhaw&miw pod thealigonrash evitfer aeenunestedsuch t hat

external connections are nade thr h the backside of at | east one of the
waf ers 1600. 2837 FHGHaPIGeendueive d that it is with the scope of the

present inyention ﬁp,m&ﬂwa%ﬁ&mtMeéswenéﬂ@iftﬁésvairéé)@s@mﬁ%h&@ae@yoBﬁéker met hods
known to one of skill in the art. For exanple, the wafers 1600, and the

di es on each gxzat(hmg toaﬁlahudhmﬁhewferlayccadmgmm wtcathr[gsotﬂﬂmmwné film 5 1In
an enbodi nent, at t. one of the vva%qeﬂrr% #600 IS subj ect é‘l(ﬁﬁf élé
grinding to f‘EPIV?IHE?nt HoquRes g Faptacty 6% cPy "tcﬂge pr esent
nvention. Thisss GHRE3oh{Rs FRIAGH Id ERRC maq%%pﬂl%% 1&%@5 bk len the

t hrough i arswgsr acg%g%n‘?cggtsefaorﬁled@%n the trenches 165 tocbe at the back
surface of ths least oheewafer D6, iEHus) the G&der THH0san bhmonafediin #686ncan be mount ed

inits non 10 si ng[ul ated state. In an enbodi nent, the stacked and connected
waf ers 1609 ofiesW ﬁ%ﬁtla?t ed or diced such that the interconnected, facing

di es  remi n | of nedy! ayRiy e subhE ddlokhhel whil FRAEDshghge t vo

di es, one dlefromeac two wafers eextern circu
connect ed to dridiel suoklthat thedhtcrdnhectat, fadieg didgeeneimjoieddstopthe Thas,
enbodi nent. In an _enbodi nent, the external cifrcuit is connected to these

i ndi vi dual urthe &diyidulamifs eachdpeipde iveo dies. i diciromeneine! e dve safetect i onal |
|
part ol vt o1 e SUBRAIGES! Affcfly nBBS b RSHOSI RUES A el

trenches 17 Z&Iﬁmﬁdmmew Iﬁmemeddxmehﬁttmameﬁamﬁrcu&@borﬂﬁcﬁdb@tlfeaé e 1700
includes at least two die 1705. The two die of the top substrate are
posi tioned diipdizidupl amtpat theheck gentaets of the bottom substrate. Bond pads

Figure 17A shows a cross-sectional, partial view of substrate stack 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 substrate 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—acﬁve 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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1730 are fornmed on the active circuit side of the dies 1705. The bond pads
1730 of the bottomdie are aligned with bond pads of the die that is

positi oned above the bottomdie. Traces 1731 extend fromthe bond pads 1730
outwardly to the 25 side of the die 1705. Edge contacts 1732 are forned

aligned with th acti enhi.nt r di et [ 705 that are
formed on the" gﬁlﬁé&%&} flé?}éd (g?e”%’pu Shﬁ'?cez gisé% gst t he
bottom are fonmegadntd6ve sides whékémedwxéﬂgﬂlgﬁgd&%sw@sf)fwlc@re for med
on the sane substrate. The non-active side trenchés cross the active side

trenches 1716cennepm@rtg@memglrmuwf(n@tmhpwbugh 30 holes 1727 that extend
fromthetoptoth f,. the res trate.and i The t hrough
hol es 1727 are fi I ?/\hlﬁ }E%‘?EI%EIPF %echﬁ?ag’rli’aiﬁaVﬁﬂvegﬁ%éc‘g?%t@mnon-acti ve
si de cont agt s s dnedflly Abies BiheEB7E-19B of Pithr@ I BA 'Ih@hﬁ@WBClt d@berdliye 19
vertically ali gned bond pads 1730 and vertically aligned traceS 1731.

Cont acts 1746lmwsreetivacirduiriesids dewhef 17 ieeofbotinabseates, wénch trandhgs a7igned di es
1705 provide connechl ons to external circuits (not shown). Figure 17B shows
a cross-secti giaicrt 1g#d,i ew of substrate 1700 5 generally along |ine

17B-17B of Figure pifire I9ghdwsdid e it Hﬁﬂﬁlreéhw diel 1B05 MG aRCIth@aCi M cui t

side trenches 1716 of both substrates, which trenches 1716 are vertically
al i gned. Fi gutap sia&mhop\slda. Thet 1s,tthe:kcttvhareas ofthedes disvaredidpacé®Qmet hat ar e
st acked ﬁp si de t sl de, That t he active aregs of the two die are

adj acent dffe i’@’]&‘ﬁo Oﬂ%lﬁ%&rww@éese%?r@sjdﬁcwa o @\éﬁ’l‘?&w&@r di scussed
b f T f
above in a wafgp, inf Q" 'Eﬂl:ioﬁ er' ?‘Eaﬁ'ﬂﬁﬂgf) d1ef%b%1s?ﬁ%ﬁ11%g§fe‘ilé?ﬁen, td & froma

different substrate of bottomdie e joined
waf ers are di wafbrtthmsth@hmmhﬂdiqomass Takn,dhe piddDbafersane dﬂjedc@s&pam:ers of

di es. The through vjas 1827 are aligned etween the dies 1805 and are
separ at ed whePFSRf digsi 1 ffﬂnéégﬁa%ﬁ%bh@féﬁ% Fhedhyoughvins 1847 atethiengdes. The

vias 1827 are étwe t cﬁ@s ﬁo@%ﬂgufégepﬁa&atva{eh% nﬁ&!@é&@%esgaﬁ ga M th

conducti ve erla i nterconnecti on betwee 1805.
The vi as 1827thfelaﬂjae€ht\ﬂlésh ThendascitBRy argilled rithl a Eandobigve meﬁenalaslﬁﬂgl@tcont acts
and back contacts that connect the stacked dies 1805 to external circuits

(not  shown) . theoigsiwidh eondockiyromaterak fgpinfereqpnsetion betwrenthetopaioiredatiali ng t o
the present 1805. The vias 1827 filled with conductive material further define edge contacts

and back contacts that connect the 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 dis, die stack, or wafer stack that
includes back contacts 1940. The die is encapsualted 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 control circuits.

A method for fabricating a wafer level package accordiﬁg 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 integrated

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
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i nvention. The package 1970 includes one of a die, die stack, or wafer stack
that includes back contacts 1940. The die is encapsualted in a protective
case that seals the active area fromthe environment. Connectors 1972
extend through the protective case and el ectri cally contact the back

contacts 1940 nnect.ors 1972 25 fu er nect, t.o lLeads 1974 that all ow
t he package 15’7’(%:8?165 W Stegts tF@f‘?‘fgfl‘ Eagfag%dmmtﬁﬁrqwlﬂg'e WAr ess and

data buses ang fequiirkiorCio64h irnchis BEkAR T&rnofna&rtweeégl&g athgfer |evel
package according to an enbodi nent of the present invention includes
fabricating asuhstrateygenaradly bsneath theibtesratadecirchite ondies ous partédlyiqut fudes

integrated circuits. lLh a O.inte uli

nmenory devi cei orm RPnaetYR i Eg?ﬁq( béﬁ ?{q@ agl?eﬁ“e f’?‘%meP 2 g‘l’:f"ﬁﬁ'rﬁ | ogi ¢
functions ar Q&t@ﬁﬁﬁé%"onlaaﬁkéregioﬂs %Pt&@ﬁgﬁta@@ﬁ%mm%%yﬁmﬁfﬁéf I's a system
on a chip device that includes |ogic functions and nmenory 20 functions. The

saw streets inorenstiaisadedrancbes. Whoredhedtive stleittepclmsengaopiaativysidet in a
first direction to formtrenche erfs, The non-active i.ons of the
Substrat e geErdis JLeBHbHERE #E doRirIBuER it 7 i O GTRELAERER 1 ol 1 y
cut Lo for M gasARIdIRISL ARicwIRAKII WP BESn ot feidaferial prodlucenbodi ment, a
plurality of 5 ths In thé non-active regions of the substrate are made to
forma plural cdnfaadd on h@th-th?caatwe (episirface of thesnbitfate and the nantactree si de
trenches and non-act] e trenches intersect there are formed through
vial in tA8 sthsshrsiiac §§“lisﬁﬁ§9ugh vias provide holes, which when filled
with a conductive m}n% lqePic t ]?]%C t op)
surface of the substrate u%degl %%ﬁﬁgrf&%g%?é\;reﬁ bag%%eﬁs%ﬁ‘re acké(%eféS

substrate. Nudstobesl ltesinc Sacladevieddntladd individuali §© pudkiaesy sovaéibmned evel package
as described herein. Such devjces include individual |IC packages, sonetines
referred to aif@Rdfe as ehips Frcumaduls, mﬁ@ﬁﬁwowawa@cmaﬁwte ters and

T oy Srak eréﬁ?@'%@/ %&L/ dlu J&EQ%%HE&&&@UQ&G% ra%&pﬁa? cont ai ns

i ndi vi dual 15 pa icall on a su

circuitryl50rpitig gﬁﬁbz&@ reaam@nur; oldevnlssaate that doatafierditcaitp ecintéggattdnct i on,
such as nenory functions, logic functions, and address functions. A

sem conduct or Cigattedeviges.|to pomseramp pReCHiiUAFtiPTA SugheasaneBeryJHE NS, I98ICsuch di es

contai ning t hﬁ“[nge ) ese% dré)sg?lkﬂc%ﬁéns Tﬁ%eﬁ%ﬁ&ﬁ&ﬁ?{ﬁ% &&P%kc%iﬁ chifaluges

structures of nventiron ‘or 1's nmanu
repeated pattern of such dies containing the same functionality. 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 muitiple 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 therefrom (not
25 shown) providing access to the circuitry of the IC package for unilateral or
bilateral communication 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
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20 according to the nethods of the present invention. The individual IC
package, in an enbodinent, further contains additional circuitry to extend
to such conplex devices as a nonolithic processor with nmultiple
functionality and/or a processor and nmenory nodule in a single |IC package.

| ndi vidual 1C : ically _includ ' i h
wth | eads exPERTERE L MeBreRlinYsmuioRs Hsoltntd By BbiatR of ISl (e
circuitry of Whentién PS&kaearples 6N ditdu@iabduds inchidedhhdty rEQMRL&atd on and

control. In an enbodiment, the |eads are connected to the edge contacts,
bal | cont act s dgversinayer seastilest eoramuRieaon iBederie PEjogssoTiradyles apddul es i ncl ude

two or nore dies.that are.c ihed. . with.or  wihout .protective.casing. Such
a conbi nation? ﬁf?ﬁﬁ%%’ DSt lcegﬂggei%%n Otdﬁiégsffél df%arycﬁc%ﬁgh%l@aﬁ?r’ %]ﬁ"“%‘%a? vi dual die.
The circuits maduRsi Tak FQSt RoG@IRHN, iahh ibedimedt, aSubaRfiRERAL dMOvaickar i ety of
functions, or a conbination of dies containing the sanme functionality. One
or nore di es of elebtraig systavehy Bechasmcdodk, 8 telerasionascedliphmoeor plirsapal o t he
present invention or are fo d by nethods of the present  invention. Sone
exanpl es of ac%?P%%f’P_eWB’aﬂI“I@giE%ﬁlﬁ%ﬂte %WBWB%C?@P EFS%@WEEOI WPPer?, power
modul es, CO””Hi@érﬁﬂtah@BtHE%d%ciﬁ%ﬁRFxﬁﬁlﬁw hﬁ@ﬁvérlf‘eﬁyéﬁﬁad%ﬁéﬂﬁ?é' on-specific

(ASI C) nodul es, and may include multilayer, nultichip 5 nodul'es. The circuit
modul e is, i nthercfmmbent cmiplcd ta thaibicopponkng woiaterabarhikateral of el ectronic

syst ens, ch as a cl ock, television, a cell phone, a personal conmputer,
per sonal iﬁt aCyaGugIcaien M&ﬁm{i‘&grmbi le, an industrial control system an
ai reraft and of Ner ne Kt 6F 4 G B & NV8SmAryAbEkY T8 rA@RTS nuRNT no

therefromand coupled to the dies providing unilateral or bilateral 10
conmuni cat i oncanging ondtiplé me@rey IGdeviods e suppardithe nadbéreofiI€ devivesory nodul e.
The nmenory nodul e  contajns nultinple nory .| C devi ¢ces on suppori, the
number of 1 C agralien %&amryﬁiaés%wgﬁ#@“ﬁ%ﬁn Rbe st AT Wit h and ¢ he
desire for parj EB}@_IJA 6 ] i rom an

ext er nal con?{dgwg;ﬁ ﬁ%ltem%%g%m %ﬁdgg%o%gn%@gﬁoﬂ%ﬂn%s for data

i nput and 1dat shoowi) ptita commaiddink dndigovidtsefoe dnaameht lahd Batapdipdatva dhdanks ar e
connected to | eads _extending. from_ the support. The nenory npdul e and/or the

di es that conks Jkhe cemm jnkpneidaga links gee opRetted Holgadseextonding kot r uct ur es
of the pres enﬁe'sﬂﬁﬁ?d?{. I Phk ﬁEm@ﬁ%nE@dlgﬁtqd/or the dies that 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 uscr 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, gauges 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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according to nethods of the present invention. 20 El ectronic systens include
one or nmore circuit nodules. An electronic systemgenerally contains a user
interface that communicates with an electronic wunit, that processes or
stores electrical information. The user interface provides a wuser of the

el ectronic Sy%z&ﬁ’? W hfs rre.fform of cont rrglr or ogg(frggti on of.the results
of the el ect r' SHF i ! OSETERYS SR PTHRIRF AP et FAL ST PHET e the 25
keyboar d, poi folviied 4&\thé Electidit Ligik. A& will bBappareit flond SHeSIQNAbT G@ampldser ; the
tuning dial, display or speakers of a radio; the ignition swtch, gauges or
gas pedal of previously@insyi lectromelsysim Saittpn apkrdimerie p3saeiatedivsiph esytai _
currency dispenser.of an_ _au t |l er.machipe.. The user I nferface, in
an enbodi ment™® WaL%%np%rggggg&ps;ig@?gxr%%dft% Ott%e et rrngéfl S %r%# ® Access
ports are §seghet ht&PiRe M willbedppedcaidd BBl the bt br fndrd Htcuiahediladgitht e user
interface conponents previously exenplified. One or nore of the circuit
nmodul es i ncl uelecteonie exstess ane rpplasaddiyrsingle indegraiethctuibtmapembediment. cont rol  or

i orvat o el AR AR e AHSBONR bRt e Db SN B bt B e
el ectroni ¢ Ungykienf\Sit Will lsB ®eAPPRERBRI tﬁﬁtgmeta&%eio?m Iﬂfam%ig@i\ﬁfmﬁhlﬂ%s previously

given, electronic systemis, 1n an enbodi nent, associate th certain
mechani cal complodensdtsicfimes acshislvg) toi the pbséntt imyrention phis formediadcordigigitoes and t he
5 user inigrfac%g It wil.l be aBEetrsti?ci.atq%g1 that the one or nore circuit

modul es i hYt HESthafseqcPEting losthe WRveEBaced by a single integrated
circuit in an enbogispEAtic cmbBaidfneOPRiERic &AfnFlLLHERRIPsR CTh S 2
subconponent of a larger electronic system I't wll also be appreciated

t hat at | eastmemeryodysteheinnimdes gnenaydudre snentory nusiedessind aohemery avatotel ng t o

the present ipvention or is fornmed accordi ngr to 10 nethods cording to the
present i nventioRemAnsHadyles each coBEm @G Or SrOTE Mty 1¢ gaVices y@m as a nenory

system The éﬁﬁﬂ?ﬁﬁﬁ Y SL1EA% bAS bEERoRN R vies TR GIA SRS M REY e MENDry
controller. e rreremi”y nodul es each “cont glsn one or ér;[nre m%‘%?lgq?%l devi ces.
In an enb®dipreseht irventieastis dbeicatd mesonding dethegpessehnmbverctéom. SThreuct ur es
according to the 15 preﬁent invention or is fabricated according to the

present i nverfBfBATY CARECUFGB LYKk GoBtrPls lidiseatigaal 1afsaface hethers  a
bi directi Onalméﬂﬁﬁf%gt%ﬁl HRLNESmATRYREN b2Y STROLRRM R Bysteth GERRLs SySt em bus.

The nmenory system accepts a
command signal from the external bus and 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 syéfem includes a processor and a memory system housed
in a computer unit. The computer system is but one example of an electronic

25 system containing another electronic system, i.c., 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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command signal fromthe external bus and relays it to the one or nore nenory
nodul es on a conmand |ink. The nenory system provides for data input and 20
data out put between the one or nore nenory nodul es and external system bus
on data links. Another specific enbodiment of an electronic systemas a

conputer syste T ter system i.ncl udes .a processor.a d menory
syst em housed?® P‘r‘?ge %glfﬁﬁlg'g rpaﬁlﬁef%prqﬁgmg%wrgpu%e{)}é%gmunb “exanpl e of
an el ectroni GeRPech)ift BrOCERDE MdhB thedity RREuIE! RGN 0B |aﬁp1%¥§1fe@.rﬂ1at| at Gast t he
menory system as a subconponent. The conputer system optionally contains
user int erfacmleOédtqwneas‘s@‘%mww%@mm@nﬁeﬁCQabmewd@rdmﬂoare not
limted to a , keyboard ?Igm nting device, a nonitor, a printer and a bulk
storage devi dhe piesent IAYepagl, 2 ohr eci at ed t hat ot her corrponent_s are often
associ at eds Wi t h cofufgve a&cﬁ?ﬁéﬁﬁfﬁwnﬁﬁeﬂﬁﬂﬁi%s ofevhe@tdihater cards,
C.

addi tional storage devices, wi Il further be appreciated that the
processor andllumtamnm@xms;llstoéﬂmﬂre&ehémvclatmut%essywmsrare iahtimmes,enbodi nent ,

are incorpor a | e. d| 2 Such singl e_package
processi ng ura#r %}h@g g t‘bﬁlut%\:ar %ng Eg essor and
the menory C'de&ﬁz'ﬁgfe tHlelsaW Mee@%n@ﬁ%%ﬁéﬁﬁﬁ% 4 &k sh@\@ﬁtin a%fb%te‘i’f the
processor nenmory system contain an C package according to the
present invermlangesfscalbeI—Ia:hdmds dﬁélerarqafowmad peheingld mbsatrater dhs sawews of
substr at es that il Ifust rate enpodi ne %T the p resenb invention. These
views ar el0 arstipptiaee formedgismall agpossiplertgaliowaneisdissite e formed 2 i | | ust rat e

t he present |ﬂ]#fgl§d g&ateFor exanpl e, the saw streets and dies shown in
Figure 4 are s a greater enlarges scale. Hundreds of die are forned
on a single substrate The saw 10 stCemdlssiaie fornmed as small as possible to

allow nore dies tqQ be fornmed on a single substrate. ncl usi on The form ng
of the through vi dedPraige Q}GéEIOé]g H%ﬂ?%ﬂ“?@séeﬁcrge&heﬁgpr%ﬂ #%8ue waf er

| evel packageg,if erl%vgllﬂaek 8&‘§3§5ﬁfe- Th §':«9§ng pace 15 savings

i s achi eved by producing“a s Sl ze. nsloHs of the

t hr ough vizas saviegdlie tachisveikisly Iiil‘sbdlhd‘iﬁg 8 bimell phckiabe sizec Thadimensioskto€ile used to
form

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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the partial cuts in the substrate. That is, with a saw bl ade, the w dth of
the blade naking the cut in the substrate top surface determ nes one

di rension (e.g., length). The width of a blade making the cut in the
substrate back surface 20 determ nes another dinension (e.g., wdth).

- Accordingly, the dinensions of the via can be made as snall as the wi dth of
saw bl ades. In an enbodi nent, a dinension of the via is about 0.2mm The

t echni quescidpseri bed herein provide a |ow cost and an industrial acceptable
met hod to produce through vias conpared to conventional etching and | aser

drill techpi que(glmeﬁﬁjdaofr aine SR AR r%%ﬂaﬁt@&%f?%rgfmiﬁé@d in packaging a

substrate according to the present 1 nhvention. nms:~ 1. A nethod of

fabricating an inteqgrat.ed cirgcuit devic c rising. providing,a.substrate
that ncl udeeat 1 oqupviFihe d B e fines ATREL S iechi bt Bl )
trench in a first direction ,on a first side of the_suhstrate; . formng a
second trench in a JeEBRg adiridenchin a Hrsh dugction ensg st ¢ epﬁ\iﬁ%‘bﬁ%te so

that the second trench crosses the first trench to forma through via in

t he substrate from theningrsseoonddrenoh tih@ sseorrhdirséting; om@adsecord side g the
conductor in the through via to forman electrical connection on both the
first side and subgrascaothdt S decond.trentie civedel tick firfst trémahno XYormnhdhireugh pindwi di ng
the substrate includes formng a plurality of integrated circuits on a

waf er i nt er medié gutEaNe Fion® fleSirssidcHaehdRILbRMsial; akiai m 2, wherein provi ding
the substrate includes formng saw streets in the first direction, and

wherein formng the :fi 9{3& I DBt Deerddifi Elgelrg- Ln the
saw streets extendi ﬁgéeﬁﬁﬁ%%é |lr9tg¥ ﬂgﬂlhfgg%tﬁ?%lﬁ%%& eﬁneel%dr%%?jélg? C g?nmblg,
wherein formn h cond trench incl.ydes formng the second trench in a
backsi de of thgm\%}b&’@rsﬂerf}éiﬁgaﬁnﬂ%{;erl%ecplﬁ‘fgé?'at ed circuits. 5. The nethod of
claim4, wherein providing the substrate includes providing a bond pad on
the first side of the wafer and connecting the bond pad to the conductor in

the through via. 25 6. The nethod of claim5, wherein providing the
subst r at e 4. ncl ddesmdthoidngl then kubbereit providiogidhe tshigsttabe onedprdew i farming a

plurality of integrated circuits on a wafer intermediate saw streets.

3. The method of claim 2, wherein providing the substrate includes forming saw
streets in the first direction, and wherein forming the first trench includes forming

the first trench in the saw streets extending in the first direction.

4. 'The method of claim 3, wherein forming the second trench includes forming the

second trench in a backside of the wafer bencath the integrated circuits.

5. The method of claim 4, wherein providing the substrate includes providing a bond
pad on the first side of the wafer and connecting the bond pad to the conductor in

the through via.
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7. A method for joining dies of a first substrate to dies of a second
substrate, conprising: providing a plurality of first dies separated by saw
streets on the first substrate; providing a plurality of second dies
separated by saw streets on the second substrate; form ng through vial the
first substrate; placing a conductor in the through vias; connecting the
conductor in the through vias to integrated circuits of the first

substrat e; 6f or NThY wahdbAGIFSclgim Shevieadk Sirdeidly thaesdbistrait iavladéy dicinge ¢hiznect ed
to the conductor; aligning the saw streets of the first substrate with the

saw streets of LliRwaReP0eh B1eBRIJuEE Qia. CONNecting a first die with a second
die that is aligned active side t0o active side with the first die; and

separating the connected first die and second die froma remai nder of the
first and second substrates. 8. The method of claim7, wherein separating

includes cytting the fifpst, and secon ubstrates al.ong the aligned saw
streets. Zg' 9. %hgleﬁlﬂdh IR Z‘f% %t?avﬁfé{)é‘i‘t?’?%@iﬁtﬁ fllgs i9fct saewmd %@’grrate’
cutting. 10. The nmethod of claim 8, wherein cutting includes cutting with a
saw bl ade. 11. cohRtis#E:hod of claim 8, wherein cutting includes cutting with
a water jet. 12. The nethod of claim 7, wherein form ng through vias

i ncludes form ng a fproviding meplotulitn of Hestsdies sepaeded bynsaav Sirests odi thedirston and
forming a plurality of second trenches on the backside of the first
substrate in a sagemd; direction so that the first trench intersects the
second trenches to formthe through vias. 13. The nethod of claim 12,

wherein formng the fogﬁ{i?éié ?H&éﬁli' RELAARS a8 SEAMIERLY X%WQHE&Q B8 tHeRc AW

streets. 14. The nethod o alm13, wherein formng the second trenches
i ncl udes nechanib%ﬁ_gtley cutting the backside of the first substrate directly
beneath the fir&t ’

forming through vias the first substrate;

placing a conductor in the through vias;

connecting the conductor in the through vias to integrated circuits of the
first substrate;

forming contacts on the backside of the first substrate connected to the
conductor;

aligning the saw streets of the first substrate with the saw streets of the
second substrate;

connecting a first die with a second die that is aligned active side to active
side with the first die; and

separating the connected first die and second die from a remainder of the

first and second subsirates.

8. The method of claim 7, wherein separating includes cutting the first and second

substrates along the aligned saw streets.

26



dies. 15. The nethod of claim 12, wherein form ng contacts on the backside
of the first substrate includes form ng contacts in the second trenches.
16. The method of claim 15, wherein form ng contacts includes backgrindi ng
the first substrate to forma back surface substantially planar to the
contacts in the second trenches. 27

9. The method of claim 8, wherein cutting includes laser cutting.

10.  The method of claim 8, wherein cutting includes cutting with a saw blade.

11.  The method of claim 8, wherein cutting includes cutting with a water jet.

12.  The method of claim 7, wherein forming through vias includes forming a first
trench in the saw streets in a first direction and forming a plurality of second
trenches on the backside of the first substrate in a second direction so that the first

trench intersects the second trenches to form the through vias.

13, The method of claim 12, wherein forming the first trench includes mechanically

cutting the saw streets.

14. The method of claim 13, wherecin forming the second trenches includes
mechanically cutting the backside of the first substrate directly beneath the first

dies.

15.  The method of claim 12, wherein forming contacts on the backside of the first

substrate includes forming contacts in the second trenches.

16.  The method of claim 15 , wherein forming contacts includes backgrinding the first
substrate to form a back surface substantially planar to the contacts in the second

trenches.

27



