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 packaging

provi des a conplete el ectronic device package at the wafer |level. This
provi des a package having a high density of integrated circuits in a small
or ultra-thin profile package. El ectronic devices and associated software
applications continue to demand nore nenory and rocessi ng power fromchip
packages. However, el ectroni M&@W&@W%P%Ag%ﬁch 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 40 design a new di e thagjelRTithe Bivknt®fn t he needs of the market,
such a design may not be feasible or ready for market. Thus, dies or chips
are connected togBidgesentinyentian midtesdo waberdevdl peekaging teduiiqued adénsi ty and

el ectronic 20 capacity. Wafer | evel packaging.is ed to neet. these
demands.  Honeptiresy dlorepatisnlariy fe BEReRLYY Bk 4o RIS Vigs i) had

i ndustrial syg a Ek%% processes require a significant anmount of wafer
t hi nning foll oﬁfn&dﬁgy%gtc ng or laser drilling processes to create through

holes in the wafer |evel packa@ackgomuhofthefintendohnventi on 25 The present
i nvention includes methods for creating a through via in a sybstrate and

the resul 14 ng st r ubplfrderel mngng pradesfeommete sleciomsdagse Package al t wo
Pores a2 SiRe bialth Seuek NS pldViaddSHERER, IBNARS HiBh ARy rTReQiydd0’ ©5 21 ©

formed. I n an énbodi nent, the ne to a rication

si'de of a suwhghiteirea ansll seiraghinprofile paskdes) Biecobnichizviebsatd at e so t hat
the sawing on 30 the fabrication side and saw ng on the backsi de cross each
other to for rasserdated @eﬂwarﬁepmi@ailﬁ%s@mhpw%ﬁmq@gmtmeénftm@vt% si des of the

substrate are .eas ei : . an
enbodi ment , tﬂ{g‘%"'&%}ﬁgé’?"é‘?‘gﬁ% cgl?%#ggg{éhgﬁm ‘i"%% th‘ggrgﬁlg%%ﬁ??éa | %‘%‘/&of di es
each cont gd nigieh cRibgatRRs hee dontihed toRBrihkt TBE R Hemand for integrated

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 dnilling 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




1 circuits, in various enbodi nents, formmnmenory devices, logic circuits
and/ or processor circuits. In an enbodi nent, the nethod of the present
invention includes formng trenches on a first side of the substrate and
formng trenches on a second side of 5 the substrate to formthe through

vias at the intersection of .the trenches. Form ng includes. nechanically
forming the CPETnEEvaTils Hrvbdudt meme™ FiteBeca ettt ore
orthogonal t @rédeescrcRBGRES on the other side. In an enbodi ment, trenches
on a fabrication side of the substrate are fornmed in saw streets. In an

enbodi ment, the tdeaskabofiorentdhomethod of slekpresenhunverioa meludesitormingl 0 t he
substrate are forned beneath e dies or integrated circuits., Thus, the
i nt er sect i ondTeBFNESIOB & réh%&%gft ‘Bﬁé&’sf“aﬁﬁ“fi rm EHSB&WPH@ sgrEd $dg e saw
streets. «<Ih i i f i i by the wi dths
of the tréncﬁ}égéﬁgg?hgﬁﬁgﬁtgg?ﬁ%%‘@ug t%f gﬁesu C??ﬁg)%g{e%l%gﬂeva’ dt hs of the

trenches ar e Fdehigihelades hychHahealy fiirsngohe trieachvrchami eabodimehetheused to
create the respective trench. The 15 through vias include a_conductor
material to fispehes casweatde a7 oBlnevnal todhe Benches oretheodiar sle- dvpnsi de of the

substrate to the,back .si In . J: 0 din the
_back si de trg%bﬁgléflerahtf%ﬁﬁ%so %%@g%z;{%gd%%ﬁ%%? Selg)%ﬁ%t%%ﬁtg%g%]éfh%{% r mat eri al
in the throughests af: anl\ahhEseR) thetentlitdsUbBgedXdn thh ®adlt SSIM-adtive gideio®n
farther include the 20 nunmber of trenches forned in the back side of the

subst r at el lanthdonbstrate ateafokmed behsathrthe diss or mi¢giated ciscuitse Thiue, thonponents. I n
an enbodi ment, the. nu r of ~trenches forned.in the. back side of the
substrate ar éntgﬁﬁca‘qontsgy?ﬁ}e W%@esttﬁ%rﬁwg’e th{ﬂlr"g P’lﬁfar%g‘r'} © FAYg St e_ljis't he di es.
In an enbodi %@tdamkﬁk%ﬂ%tmﬁéthpéugwm%@a?te%@gg@ {3 \Ei'ﬂﬁlsbﬁ% $éfigeof the

substrate are equal to half the nunber o pads. The bond pads are
connect ed t o fameed dar each kideiod thenmbstrate. pOb¢ widiheof thel franehes arctdetermasgect | ve

die. Traces connpect. the bond pads to the fhrough vias. Ln an er{&gdi ment,
the traces aPs P %VB ¢ FikehhGY Clir SPRbIE TRt UK TemseRv Feche e they
extend t o sANdulolipisvia8 KR coRBBCloRERA! © GRRIREAGL dr Qo HMICHES 1 N
t hrough vias on Opposite sides of the die. In an enbodi nent, sone traces
are 30 par al llmk fiomn theaop kbids of thetshbstixeto the Hackofidd He aselgtodahent, | n an
enbodi ment, sone of , : )

contacts are formed in the back side trenches, 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 adjacent

the respective die. Traces connect the bond pads to the through vias. Inan

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.



the traces are skew to trenches in the back side of the substrate. 2 In an
enbodi nent, the nethod of creating a via through a wafer includes

providing a substrate with at |least one integrated circuit, formng a first
trench in the top side of the substrate, and form ng a second trench in the

back | si de of the y5ubstial P dhRkubASraRaaRd LA HL5aE G | St

trench to forma rough vi’a. n an e I nsert ed

in the through vi prévadieytaenbstfatowithRelcasivns ptteghdidieuid aeknFigdesirstThi s for s
an edge contact and provides a connection fromthe fabrication side of the

substrat e t o trgngoi the toporide eftbe sehskrats] aed Himinge ssubed rencd. in the kack

enbodi nent, bond .pads.are on_the substrate fabrication side.. The bond pads
are connect ealdfﬁfﬁfﬁsutl?gtﬁéﬁé? Hiat ﬁﬁer‘?e‘é(??dltffméﬁﬁf?c??%éﬁ? hrsgtrﬁ‘écc!ktosff”a’éacont act is
formed at sonengigh ¢fa. I R eAt £BGRIRRY is HOORRAGH Btk Mbafghwﬁnduct or. In
an enbodi nent, back side contacts are forned at each end of the back side

trench. | n aexenddsimtwettop tide tovihethack §ide.t Tikis forned andelge chmatgmidndi ng t he
back side of the_ substrate so that the back side is essentially coplanar

to the back 8reyddesgrongectiondrom twbm%@ﬁtsl%fofﬁhresubﬁ@%témapwwmonh ]
e f : . P .
provides a m?ﬁé(}%@k stile o?tll?t't;mg@%ate.' g{%%ﬂﬁ&:ﬁﬁg#%g%& %ﬁﬁyaﬁc?@&heg;pg?&’ﬁ% 0

I ncl udes providing a firs ubstr I NC I'Tst

i ntegrated cifitelthtion side C The bombpak Atk dynsite@tf the codductorNgn i r st trenches in
the streets on_a top side of the first substrate, and form ng second

trenches 10n embogimesns ajeacksidersentart is formadat pae endsef thpsecond sreselead 20

trenches and f]| t C N sect .ta.formthrough vias fromthe top
side to the C%]Iéléﬁ%{sﬁd(}é%gef% lelétf) %’r tanse&bbs%flg?g’.r%chsdr%%gﬂﬁg iaﬁ%f’ﬂrf“e{lﬁ met hod
further incl ¢g@send dTSRE badkGide €QREUSGE & ethBéAmehE thethaHed frtRs idcPudedr M
contacts on the top side and the backside, connecting the conductor to at

| east one of batkeripdingdhe byckofide frthe subistratege dhat thechack side islessentéally A second
substrate, whi clh i ncl.u es, a. I ur@l ity of 25 second i ndividual integrated
circuit devi E8FEE 3}15%5 Bﬁfg&’P &rs, is connected to the first substrate.
In an enbadi ment, Ad@nbbdimdhi dthOpre8&ft HEniidH SVAleS d ntdth&didr stadiMiCes are
connected to the first plurality of integrated circuit devices. CTonnected
pai rs of theigegraedtcardult dewtes rfhegnethediincludesiprovitbng & &sst avksstratecond
i ntegrated circuj.t dei/i ces ke, separ ated fr 8m.t he ot her pairs of connected
first including a plurality of first int€grated circuit devices separated by streets,
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 streets, is connected to
the first substrate. In an embodiment, the plurality of second integrated circuit
devices are connected to the first plurality of integrated circuit devices.
Connected pairs of the connected first integrated circuit devices and 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

3



30 integrated circuit devices and second integrated circuit devices. In an
enbodi nent, the nmethod includes formng third trenches in the streets on a
top side of the second substrate, formng fourth trenches on the backsi de
of the 3 second substrate so that the third and fourth trenches intersect

to formthroy nd‘éhﬁ‘&raftégooﬁlgtﬁlg &@&ﬁgg@ahgﬁmghmu&ﬁw%ﬂt psecond

substrate, and inserti I Ng COI’] ctor VI as orm

contacts on i ﬁcﬁ@tlﬁatdp smladotme:.abm&émdﬁe secloﬂd@ﬁbs&moalmdrﬁﬁémngfae met hod
i ncl udes connecting the conductor to at |east one 5 of the plurality of

second i nt egrandurte m@db@ thaenghcwas to|farma rortadse di thetep sideand thaipackside.enches
" an emboci HEAE HPALMShRe T oA s e AEB e AR NERE, o
trenches and cgaw Pibfs of REorldfite %fa'iéfmﬁ:’ﬁﬁ R dnSlHiyRIRSAme al i gned

prior to dicing. n enbodi e the present invention is directed to

a net hod of ftbmthrircrg:has mlfmﬂtmnbaehat lepsi oha géthefsetom integegedatirditci r cui t
devi ces. The net ho i ncl udes pr V|d|ng a Llrst substrate including a

plurality of 9Yices gjaps av%aet ERprthgyenghessare liggary i an egpedimeab| udi ng
bond pads O”tl?é“uéiﬁhlféf&dséa%esu%% 5o PheShiR Md%@or?c{‘&bs&ité‘scgé aﬁ%@éﬁ?ﬁ' f§q,t0 the

bond pads, formn rst trenc es In t streets on de "8f the
first substralﬁ@mgform' ng second trenches on the backside of the first
substrate so that the second trenches and first trenches intersect to form
through M as frorﬁftﬁéb@djﬁlegﬁ@féhﬁbreﬁmnb@ék@mGéilmteﬂﬁ@amqihqd@hbstrate and

t t t.he ,t h h to f t t
e and t he ‘SERREAEbsualt Bvortiekalt AR Iyl cifiCAEaHsT g v8 i |
substrate. | inchides peodimB atfirstsaBstefle fichdingdnplusse dpaﬂﬁﬁu&%g EHafatéd By f or med

the sane. In an enbodinent, the first and second substrates are mrror
i mges of eascHedss,Hbe first Higs insiureg band peds onraulagfd@smd@@ﬁtheemwrgtetamd conduct or

to at | east gne of th of t es. In a

enbodi ment, TREES <opBFde ‘&?Qﬂ?ﬁ civﬁtﬁéﬁa S‘ptF?i’FE‘F SHICBHAPdi vi dual
i ntegrated Cifdewrthalmt %Strﬁ@,pﬁhﬁk%de&jﬁdﬁ%@ﬁﬁéc%n tﬂi@ Bar_rl@fde%‘tﬁ@ﬁ&her

I ncl udes, in 25 an enbodi nent, connecting the plurality of second

i nt egr at ed cisvbstiate spethitdbs second trmches asd first tremdhie$ ynterbeat nd fogmathemighi r cui t

devi Cos and sepalln, Commech et baL LSl LIS, COMECLEAILLg] | eorated
conductor into the through vias to form contacts on the top side and the backside.
The first substrate is connected to 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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devices fromthe other pairs of connected first integrated circuit devices
and second integrated circuit devices. hi an enbodi nent, the nethod of the
present 30 invention includes encapsulating a pair of the connected first
integrated circuit device and second integrated circuit device. In an
embodi ment, tHEFANLACLS at fie bal&iBALf onQf at ed
circuit deV| ce z;nd s]econg ?lr?t egrzlit edﬁofgglftrtﬂc}ﬁtlhgp evil %‘Z&aﬁagﬁe‘% ﬂ}&g{acksi de

of one of t hdeficessdf thapais.eThing thiendceige dédck fabrication sidteofithesutfrateharepai r .
Thus, the active device fabrication side of the substrates are connected
toget her and CaMegHddostherand ahsemd et cmborimsala thedmd pods effbefirstandand

second integ t i ed to,provide omTunl cation 5
bet ween t he é%\[(l)l gé@eé'% i Cugﬁxr{rggﬁ%ﬁfrseainrgCg@%g{%ﬁtt%ggm%ef%%uﬁlf #F" and second
integrated Cbedeh REIIVERS. BT gn GAPSEREAT tHeQrReONT Be FFaMRRLGAkI on bet ween
the devices. In an enbodi nent, the conductors in the through vias of the

second subslmwetedmgcw@dﬁ‘eeqseﬂdc G@lneht@dmnmdemommmmtaimntmnmm}hhm as of
the first bstrate. 10.Fyr r feat S an va es .of the present

i nvention, adSVEFT Hanembo ‘T’r@c }’L‘fré’ ﬂ’éttﬁ’é’r‘f Ef’g\? Q'lﬁx%e %"ngodi ment s
of the preseansbshmeeﬁ& kSthecRU %o HERDAAARGY 1hfh Gtﬁfo%fk;ﬁvpa%'o?\me%ﬁh reference to
t he acconpanyi ng drawi ngs. Brief Description of e Draw ngs Figure 1
shows a substutsmtratehaving a plurality of die. 15 Figure 2 is an el evati onal

vi ew of art| al er.during,a_ processing step  according to the present
i nventi on? Figure ?‘L%r %a‘%}feé\ﬁgGﬁdY%éaﬂﬁﬁ ghithe pzessatrlmf%nﬂ%a@welﬂ axbs generally
al ong |ine ar&t&lé%a%pem%ﬂsﬁmdﬁg RBIAGELSAHED rés&]ﬁ}?@enerﬁsaﬁgt
invention. Figure 4 1s a plan view o roce33|’ng t her eof
accordi ng t odefibedn deﬂathalngswmf rdféTEanrtGMchm)bﬁﬁ}hng)ﬂra“{fmgWe S5is atop
perspective view of a wafer accrd| ng to the teachl ngs of the present
invention. Figure 6 is a bot B5&LE PEB | #> a wafer according to
the teachings of g wygﬁ t Ais atop viewof a
partial substrate a cor&ﬁng t(% Halsyr?{% a9ﬂ1{g a%ﬁm%hg%fedlg

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.



enbodi nent of the present invention. Figure 7B is a top view of a partial
substrate according to a further enbodi nent 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 perﬁi&%‘r&ﬁb‘i?a}ﬂﬁﬁ‘ﬁ‘l ngaof%eeﬁgﬁ&cgagng to the present

I nvention. 5 Figure Is a partial view the Figure 9 die. Figure 11 is
a partial view of RipereHildsiaeardial diee offliccFigarepioadie afémpprat&Ring skdpgure 12 is
a partial view of the Figure 11 die after a processing step. top view of a
di e according to tHguweleonapagighyawadthe guenld die afe propsssimgistaR: 5 Fi gure

13A is a top.,yi ' f i fter rocessi ng .. step.
Figure 13B i _éé{%s]}ggggfva?@%gé%?&oéhgg%SME%n@Pagne&t 8?&%]3&5&:3?1&%@}30&“ ng step.
i Figure ¥ is a lRgiremuiigwied viewdfan a0 of 8 dRhfRrhedbddeisg of the 10
present invention. Figure 15 is a stacked assenbly of a plurality of dies

according tostdpe teachings of the present invention. Figure 16 is
perspective view qf. a er stack according. to ap .enhodi nent of the
present inventi on%ﬁ‘ge\é?éﬁ @%QP?Y&eWé’?&n@?’ngln%Eé‘EPF%ﬂ’é{%ﬂ BRFYFSSHDarti al

vaf er stack @fepthe present invention. Figure 17B is a cross sectional view
taken generally along line 17B-17B of Figure 17A. Figure 18 is a

per spective vi ew dfigued#igabetten viiweosd dielacasrdinpeo mi embodimenOof theent i on.
Figure 19 is a plan view of a package according to an enbodi nent of the

present i1 eRr§sER tnvention.
Figure 15 is a stacked assembly of a plurality of dies according to the

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 1s 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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Detail ed Description In the follow ng detail ed description of the

I nvention, reference is nade 25 to the acconpanying draw ngs which form a
part hereof, and in which is shown, by way of illustration, specific
enbodi ments in which the invention maybe practiced. These enbodi rrents are
descri bed i nCﬁjc'Illft )%%C%Fet af"ﬂe tk H!alpe it nﬂ)&e? toSdtal +aqdé Qentngg (ﬂ.{c or!
practice the inve t|on her rren S nay b utiTrzed ructural

| ogi cal , and vedfest fmeaénmmmgﬂslmso mar«@ﬁ&femts&@wondﬂp@rs&mgn@ fromthe
scope of the present invention. The terns wafer and substrate used herein
i ncl ude any wgéﬂ)m@smuangnm@!mﬁs@herslawra&@t bﬁﬁd’ﬁmfaﬂm&teﬂayer i s

deposited ac r to formthe

i nt egrated G(ﬁ%{rgﬁ ur't ’fﬂti’:)g’%g"?raﬁgsrﬁ%‘]a P%E?RCQ@H&H,I@%@% s understood to

i ncl ude seyTi gartisaladtorsy\EfiRkfal séfﬂi%oﬁ(ﬂfcmr%%ﬁ g@bsne@bﬁh pseused to refer to
sem conductor structures during processing, and may 1 nclude other |ayers

t hat have beéfmicobducian @rdnsulﬂer,@awﬂ as Bthteh semicenduntat stubtwtesava!l i ncl ude

doped and un ed. 5 se tors |taX| semc nduct

supported by PRAEORESHIEDEE By ThF e P aO neiop a8 insTifr

sem conduct OkesidoHah @S artthk teﬂmﬁymatbpls%ﬁné&td nefldé Bn Omgte%%t thaf f3¢ (€rm
conductor is understood to include sem cond uct or s, he term I nsul at or
i s defined t(hessmlﬂctrdaallanyndmtlew thah thdwanterisls rbftesrsdejmdomdnabisy Thenducti ve
than the t als refaggéﬁd t.0..as. cqndyctors. The 10 follqw ng detail ed

descri pti OWIHSIdQ'f S§EPtipR isptherelprennatio ke fakep in AYTUERGEENSEand t he
scope of the aReR | ai ns,
along with t ﬁgaf ul | Bgé(::g{;@@ k&gn(;ljlﬁ‘\[/gﬁe%?%g?fg{%%flgybﬁﬁgﬁﬁ}pﬁf}]gl’ggr:gﬂg{r}éé entitled.
The present demgrwigh therful spipeyd equinalehiaito eaivhesuth ohimhareentitied.f i r st

(left-nost), nost ni ficant dlglt(S) are the sane-as the figure nunber on
which 15 the nurrt.)@reg’r PE %Smmmﬂwjnmpwéoamélpw@re@le Wﬁnts will

have the sa e;ﬁéé S AR waf er,
or base | ayg‘rfleh egfll gngltghm%g}'t (ﬂ%gi%ﬁ\}gn{l on %%ﬁgmtenﬁnﬁﬂgsﬁ e figure
nunber, €e5g. thelifinber?BfheaB0AccordiaglyTlike pr simélat ele@snts imill ihave ﬂh&&&m&he terns
"t op" and "b?ck" V\:h(fa,n referring 20 to the substrate on which integrated

1

circuits are §38tHgdlicandigisy fof expmpledhe pabstrate, wafer, or base layer is
designated by the convention X00, where “X” is the figure number, e.g., 100,

200, 300, ete.

The present description uses the terms “top” and “back” when referring
20  to the substrate on which integrated circuits are formed. The term “top” refers to
the surface on which the layers that form an active integrated circuit structure are
formed. The term “back” refers to the region of the substrate beneath the surface
on which active circuit structures are formed.
Figure 1 shows a wafer 100 that includes a plurality of die 105 each
25 separated from adjacent die by saw streets 108. The die 105 each include
integrated circuits and contacts that provide communication between the
integrated circuits and circuits outside the substrate and die. The die 105, in an
embodiment, includes a memory circuit. The memory circuit includes a dynamic
random access memory (DRAM). In other embodiments the memory circuit
30 includes at least one of SRAM (Static Random Access Memory) or Flash
memories. Additionally, the DRAM could be a synchronous memory device
such as SGRAM (Synchronous Graphics Random Access Memory), SDRAM
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the surface on which the layers that forman active integrated circuit
structure are forned. 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 pl urality of die 105

each 25 sep mc,ﬁgj. i r i@ré |e 105 each
i nclude int ggg}?%?%gi)glg)r ul 'Z]g:qurgl ogllo‘ﬁ %‘?%ﬁ%ﬁ) SB ovi dé comrunl cation
bet ween t he SDRAN (@ocabledbita RatesSPRAM), wwenmsyﬁmlﬂgo& RamsubpRAgYe and

die. The die 105, in an_ enbodi nent, includes a nenory circuit. The nenory
circuit incl aeésthgr wﬁrﬂﬁ&memaﬁd@mm@s@myn {era) The integratest

mbod . i 30 S
Randon Acces SRIRIhe 4 105 poran Sntelim el B 088 Re FB° AR AR coul d be a
synchronoys Mgk indieid £roc&ue B ROV SY BabsARRHE nP1aRY SateRagdom

Access Menory), SDRAM 7 (Synchronous Dynam ¢ Random Access Menory), SDRAM
1, and DDR aSm?AMhédhimgla@lmhaf oRali BerSmRMvTataiscimveltisrastugne pl lagic or  Ranbus

DRAIVB and ot her. rgin echnol o s known in the art. The

i ntegrat ed 8??‘8@ “g‘?m‘?rﬁé"ﬁll Sa?’vrﬁtﬁﬁtsjﬁﬁgﬁi%?ﬁmmaé‘??ﬁrétq ogi ¢
circuits. D f fﬂgﬂ.‘ n an
enbodi nment , ?lrﬁ%?%depmaé Sgyssﬁg%gggg Hgﬁﬁ gcvﬁ gfg{hg Slﬁﬁrr Ea% \g?‘gfg%fth%l fferent

i nt egrat ed chsulstrate 1st1nmdﬁdm&smdmcgla dllemgi)i: circuits and menory circuits.

The saw streets 108 do_not contaln integrated, circuits. The saw streets
108 defi n€ non- acti8Ee 25BQ¥s g pide yievg PEFH{’ ISURHER D £t2-t hwafes A08thatt e | s

di vided i nt o |g],l}||ﬂja of a
parti al subs%rcat gg . g hgﬂ&%l% %Sﬁ{e%%bgllgc%c%qﬁ&gaatéd ‘ﬂﬁcru}ellt y of dies
205. The di eshaa9 thmcdw%nlcateegmgesihmiqﬁeskﬂom(mqhe a.r.shawms étb}@hgare
fabricated Ufll ng techni ques known in the art, such as etching

i thogr aphy, ¥i GROsiHER; dopInga 8. Apgrbien 2R obthg sobstrar2 Wl bereimt o 200,
herein —defi gﬂleﬁsastnﬂ@b%@g IRERoah e RO DR B ol 21y, | T Dack

portion 210 acts as For sup Active are at”’cont ai ns

i ntegrat dd chadts s base fAhappbalg thmidtivelardanndmdﬁﬁnﬁ iaglatediiicane PHel t hat
cones into contact with substrate handling equi pment (not shown) during
fabri cati on. backspgtion pshides dackssuread bl thehewnesdtionoatachwithisakst2is. A

mechani cal Cﬂﬁﬁcﬁﬁ'xg?eaglph’?en?tﬂog W?OQVI‘WI dgl?mé ?aﬁmcatlon CARSY street 208 is formed

intermediate the dies 205. A mechanical 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 kerfin 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 hinear. 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 mounted to a rotational
drive such as an electric motor (not shown). The saw blade along its outer
cutting circumference includes a diamond material. In operation, the mechanical
cutter 215 is aligned with a saw street 208 outside the outer boundary of the

30  substrate 200. The cutter 215 1s 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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208 and forns a recessed, closed bottomtrench 216 in the saw street 208.
The 20 recessed trench 216, in an enbodinent, is formed by cutting a kerf
in the substrate 200 along the saw streets. The trenches 216, in an
enbodi ment, extend the length of the dies 205. The trenches 216, in an

enmbodi nent , 0, i de_of the su r at .t the other side of
t he substrat g?%grggl él'ﬁletﬂ]fz F lg%grﬁges i 5&8“’??@“’?‘1“23@? ?Ut%ﬁé?gﬁl%‘%ﬁlw

mechani cal Cuylid &ibsitdte 208 mdies rdiftf e #dcudkr b1 RIAntdnMaGen2d. 1 n an
enmbodi nrent, the nmechanical cutter 215 is a saw blade. In an enbodi ment,

t he saw bl adeubsirate 200 1§ lationazand tedwitteh2l5 mevesnelatied td theaubsitasd. i onal
drive such as.,an elegtr.ic tor. (not .shown). The saw bl ade along its outer
cutting circ W&PgﬂglsilﬁBng%dé%&ﬁg%ﬂﬂ%?‘@Li%@P sprfagslldniodhe t he
mechani cals Uit 8f the kRbdisited d® | S 0 | t out er
boundary of the§’30 suEstrat eO(gglggt%g&(gﬁet%é?’@%%ﬁsfa%%gﬁy%)@gﬁgetﬁlﬁnto
contact wi t hwiteesinahdwhelzon ackiveyinebratdiecifuis bfedbrich®. Howber 3w St reet
208. Mechanical cutter 215 and the substrate 200 relatively and linearly

nmove such t h&PHeN7d Sdoes Bet qub eomplieisdy throughiithe basegortion 1 efithe substrate. | n an

enbodi ment [ tati.onary. an substrate 200 ves
relative to t gt %&%gpttéﬁs ne%é%éaélrrtlﬁgl&%/tﬁ%}?g?s%%doeéﬁBé‘flﬁéﬁré’“%Bg‘ﬁ%
stationary aegrfidee21qullh en edbbdifRWE The QltRY bvE ito thdwass BBffonat1®-of tHh1e cutter
215 is positioned so that it cuts through a top surface 221 into the 5 body

of the su¥st selstrateg(Thigresultoip theirenahes 214 béing vpen dhd substratk tophe substrat e
200 wherein_and reqn _active.integrated  circuits are.fabricated.

However , thesurz"’bcte}tgéﬁ aﬁ@%’e'&lg@ 05 %?Pti]ﬁgoﬁwfgl?eeﬁripcﬁ’h?’gﬁgﬁs fECbase portion
210 of the supehfdd fom tﬁ@%bs:t(rﬁte Hah?s&ﬁc%?rl1Zkécm%%ﬁﬁ@éﬂt&gﬁ?Eor}rfsenChes

216 does not cut through bac surface 211. In an odi nent e cutter
cuts into théhedsenshen? k6 tombauithalfithe thicki@ssoftibe sutisate s Imesul ts in the

trenches 216 being open at t ubstrate to sur e 221 and bei ng cl osed
at the bottoﬁ\’“@f’d‘gﬁéﬁttﬂ%ﬁ‘mﬁr%? § egfﬁi"@gm %&&%FV‘%W%W@‘%bstrate
back sur figce gdbkirate>ORONA L d _ N8t E 216 to

about hal f tﬁ%ﬁ'st rfﬁckneggbg?h%ﬁglhﬁ%gﬁ%ltﬁgagégfgrﬁﬁqg%&%%%%gﬁ %{%ﬂfﬁv{%he

cutter 215 f thirds thédhthicknessodfabe subswate 200.alf art érabddimekn égscutding frecdss

substrate 20Q. |I. enbodi nent,,. the cutter 215 fornms the trenches to about
two- thirds g?ﬁ&"ﬁﬁ‘?g?ﬁ’é’s@ repeatef] forgagh of the sawstreets.n Inngn embrrlimeatathe t he

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

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

shown on the top of Figure 3. The term “ back” refers to a back or base area of a



described herein is repeated for each of the saw streets. 1n an enbodi nent,
the cutting process described herein |I's repeated for only those saw
streets 208 that extend in a sane direction or that are parallel. In this
enbodi nent, the saw 20 streets that are transverse to the same direction

saw streets %@ﬁr B S hidh 61 ows a
substrate 300 a ter %thHt%%] p%gclgsgﬂ%éd&#gt%eﬁﬁp ure%daggb s ‘?leeégoo. A
mechani cal cuhd sotivahbed mdnjss hotapathingitheemeglaltd dredRebin 6nen$s.1bmer ate back
portion 3 10 cont ai m???%[ back side 311 of the substrate 300. In an 25

enbodi nment, taek Yerdt 328 is ablgastite half theghiskagss of thetrubstrate 0B NTheelback16 are

the B gur e 2 Tt 328 it oL g MRS F e Siarite ok e 80K welCHi onog
beneat h the sufss fahabout Haer tﬁ@ﬁm&bgadftﬁélédb%ﬁaé%@o' mﬁyaﬁﬁo&ﬂﬁnﬁﬁ{@

enbodi nents as described herein for nechanical cutter 215. Cutter 315 is
al i gned wit hbabietrmhe}%beahmawe@hlrthesthMasabéthBGObmub 300 slh aoont act s and

begins cutting.,at.th t er. edge t bst ate_ 300. The cutter 315 cuts
atgl east one ﬁﬁ’ ings ﬂ?: uglity acg%n‘bl%ﬁ? 3? “§ﬁ‘?) 3 AASUVEATESE Fi gur e
3. The term "orhagkioq. e’fl?erﬁack‘?reﬂcﬁé@%%% &ﬁaﬁaa{ n?%.n@ ?ha‘i\ﬁiaé " substrate

on which integrated circuit layers are orrred an suppor the active

area and doesrenchies@dnt Sipacificillyy thei diteegorat ddhei@ fabhtatfd?fmﬂmeéﬁcﬁes Jiee back
trench 326 is at least to half the thickness of the substrate 300. The back
trench 326 i $ndiskackarenchess2p prekaseeseio eagk otighsinran emtggmenththeback

trench 326 5 f of the sub ate 300. In
an enbodi nentd&é%%&ﬁ%gﬁﬁ@?@gg% lé%?’lztg%g Bl% %rﬂ%s ."“P&“}"HS‘“E‘W L‘Tﬁess of the
substrate 30Qirettiomnf tenbatheeirs ard Ieuraht atb»umo ﬂ@&sﬁﬁﬁﬂ%@ﬁ&t @26 are

formed beneath an active area of a die 205. The back trenches 326 are cut
at a diff er efEchpfgre Inparmbedimen, diraciantefshguenchepdts and:34 are at he

di rections of e d atlon si de trenches 316 .10 and the b trenches
326 are transeéé'gs‘les c%%gl' e%gg‘ﬂ JETRSF o) eﬁelbﬂthg‘f‘r‘gﬂg ' d“f“?{g éj‘ﬁficp%ﬁ‘?%ﬁ% of the
trenches 13,16u@ﬂ@heaz.’s@ﬁahmgamoa@thg]ebmgéateemg%nﬁrEs, ddeh&s vl ections of
the trenches 316 and 326 are at about 90 degrees with réspect to each

ot her. | n anrespbeidd eaelt otheh rln@niembodiptent, hhret:timsaifelse Bathandll Ba6l 326e at
APOU o> AeOGRER ol iSRG than Shot? 16 aOkeBS with Fespect T0'aeh ofher. The | °C M
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 streets.
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 streets 408A extend in a first direction. Saw streets 408B extend in
a second direction generally perpendicular to saw streets 408A. Top trenches
30 416 are formed in saw streets 408A. A plurality of back trenches 426 are formed
in the back portion of substrate 400. Each of the back trenches 426 extend under
a plurality of dies 405 that are linearly aligned in the second direction. A
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15 trenches 316 and 326 are at an angle of greater than about 45 degrees

with respect to each other. In an enbodi nent, directions of the trenches
316 and 326 are at an angle greater than about 10 degrees with respect to
each other. The trench(es) 326 are fornmed at a depth that causes themto

physically cr . At ngh(es). at .1.ntersections
327. These iﬁ?%?ggc%ﬁbgﬁgﬁﬁggggn? )ég'%{ %@%ﬁééﬁhag]lgég %jlgglﬁtaﬂpé%tfrs?%at ext end
from the subshélpbfihtitdtrenchePs B et idnll (histdiSe toHOAlrER R TeROPLEKk back side
321. However, the substrate 300 remains in a large scale formfactor,

e.g., wafer. trEhehesia6. dhpoughatiast42ofre firmed 30Genmtmmsections mf¢iettod and 0 each

ot her through the ngn- ck.regi.on 3.10 .Ssybstrate 300. | n an

enmbodi ment , ek Hﬁ%“‘&‘ef (rigél(fﬁgs %ﬁgg%h EE’I}?QF%"I‘%%I‘“ H’S 1@%@@9@1@1}»@@%, trenches
316 25 f ' r ' bst cording to
the pr ese% n%%&/égﬁtp?%\rﬁe Hostﬁgget%P gggg%t%ni%ﬁ%l u egag%l Z&rc%ﬁtdfn ﬁg% E@?e 405

separ at ed by teavhest426eiomot Btk iatdsecdOBor thogh vissedith AQ8fknek beketfi n a first

direction. Saw streets 408B extend in a second direction generally
per pendi cul aforpediahe saveetrestutiBR. Indie ¥lusirapdembodimest, apdrenehesade i n saw

streets 408A. ural i trenches 426 are fornmed in the back
portion of sgg‘égéraal é 4%‘?/“ géﬁﬁj(;gﬁihe back trenches 426 extend under a

plurality of dies H@getshabwaatop pagaclive dlevbTabubitrdtb 806 e&dinglid &ction. A
10 plurality of back trenches 426 extend under each aligned die 405 and

i nt er sect10 egothodimertief thepreseahiviension] Subktaate £Q9 Gretides apbuelityalitsd Whe
direction of ;the.back trenches, 426. Thro vias 427 are for at the

i ntersect | on_&’oglf’d f’ﬂﬁw? Bﬁragglcf“_%ﬁgé’ I?a‘fvrsgﬁ?,tﬁﬁgai’%‘?oﬂ%. Ot%éwﬂd@%qgl enches

426, in the isldeysy hiah&itts STHOH MBethbodimext ARArdAh&! 418l aré Rplier e
direction saw streets 408B. Accordingly, back trenches 326 50 not form

i nt er sect i ondymmechhmicigiuttuiga sTheibiabk,aropadtivedehice pokmnfof shlbstraed500nist he saw
streets 408B. _1n the illustrated enbqdi t, no trepches are formed in the
saw streets Ferspan Eib’u?%t?:}%kge{“g’ﬁsgzgsg’eﬂ?m@ %W=3Fb§°§ubstrate 500
accor di ngj 4t 0 12Achek 328 FROLUER QNN GeliE SEt toh D 3 aﬁéﬂgﬁéﬂ ate 500
includes a plurality dies 505 bound on two patallel Sidés by saw streets

508B and on tieachEsi3es intaseqiat 427 &l formitldeaglbyiat eetendiag cohpletdln tladugh

enbodi nent thbe t renches f?16 are top kerfs forned )
substrate 500, 1.e. from the top side to the back side. Each of the dies 505 further

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 S08B and top trenches 516. The bond pads 530 are formed in a line
25 essentially centered on die. That is, each bond pad 530 is equal distant from the
two trenches 516 that bound the two opposite sides of the generally rectangular
die. Further, the bond pads 530 are positioned inwardly on the die 505 from the
saw streets 508B, which as shown in Figure 5 are not cut or trenched.
Figure 6 shows a back perspective view of a substrate 600, which is the
30 same as substrate 500. Substrate 600 includes a plurality of active circuit side

trenches or kerfs 616 and a plurality of non-active circuit side trenches or kerfs
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by nechani cal cutting. The back, nonactive device portion of substrate 500
is nechanically cut to form back trenches 526. In an enbodi nent, the back
15 trenches 526 are kerfs as, described herein, The top trenches 516 and
back trenches 526 intersect at 527 to forn1through vias ext endi ng

conpletely t Q@PQ‘@S\%&P%%@B%@@Q e%tel"?d gg}sggo icg% aérglghhe back side.

Each of the dies urt her |nc {530 are

conducti ve coeipeatisulanas st i@l Fgire e atd Mteﬁwaﬂﬁcazedo tfent 1R thidugrhaked
circuits of die 505. The bond pads 530 20 form connectors to circuits

external to the dilhesydth offhefppatranehesdlifs 316,14 6bDk(d in graersbediment, ereconnect ed

to leads in Qwn Q 5 ar rmed b

metal i zat i onqr% %ﬁﬁgﬁﬁﬂéﬁgéﬁ arné%?lgf@?%is 3@? gg%‘”“%%ﬂé%&%%“& 1€S ar e
formed i nwar @kéffsbraﬁHE({ulﬁPtoQHQ%dtﬁfofﬂicqn%lcﬁl%tt%pgﬁ&o%ihﬂg gl i ned by saw
streets 508B and top trenches 516. The bond pads 530 are fornmed in a line

25 essenti al Inyedmnt:drt:@tiemnlyimkes'tl;mgng]es),asmctﬂlelsohmtapsazmﬁ3g() |4$)0];caﬂtmad>h r di stant
fromthe ches 516.that u t opposite sides o e

general | y r\ggpg ﬂlﬁl?eﬁrg dd]i EE&HQ%W&%W%@G%BSWPP%M

i nwardly on tzb@n%%nﬁ@és.f *Tﬁéfk%] SidhA6 B, 56 1e é%@mg%&k&eﬁ E%L%[%

Figure 5 are not cut or trenc guré 6 shows a bac ers Ive VI ew of

a subst rat e ﬂmmabmhiZOﬂMrbrhetersSCl‘l&amﬂt]asfthubaﬂ«t%rﬁhMﬁ s s26ate 600

i ncl udes urglity of active circuit side trenches or kerfs 616 and a
pluralit y1 eﬂ‘(‘fﬁ t%g{ei Widths; of thg topdreyehas, dmamembedimeat, the widtsofthetor ¢ r enches

816 and 26 expapd o4 GORLEHAE O ERF L LB L BRRENLT @l Iy per pendicul ar as

shown in Figure 6, and I ntersect at orm ie through vias. The width

of the top trench&gi?dGA shdbs ajbfiial Sitktraier7o@RhATRAIddRull &¢ 205 bainaed by
using a nmechani cal cutter 215 or 315. The width of the top trenches 5
(kerfs) are gaﬂ‘fﬂenﬁwoﬁ%w\?ﬁc@?%”ﬁ winch indemaabut Biyo ewter dies 7@kt atengl y, t he

mechani cal c¢ I strate. 00 300, 400,

500 or 600 LaFLy Syt PS03 LT B RO RRR sh A R bR 881 rment

i's about 15200inghhgnied ednser ol ke dieid ittodbiudAA\UmBIBW. BohdRe falROBDMENL, 'S
greater than about 200 microneters. The width of the back frenches 326,

426, 526 ar e2EPostipaed 0B theymibgirale fop %lrfa@%&k ol anresrhoidirsent] borgkingsprsls di nent

E Ihg n\(I:VIh Ceits h of 7.§ 6' grctrfb? pogl{lgl[l"ecd]&lsthg rbgckgsu%%tr 3%6 sur ziiac% ats ee lvﬁntegraqe(? ClI'CtuI?t% lllb ack

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 in the substrate back surface trenches (not shown in
Figure 7A). Accordingly, electrically communication to the integrated circuits in
dies 705 are made from either side of the substrate 700 through the 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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Figure 7A shows a partial substrate 700 that includes a full die 705 bound
between two top trenches 716, which in turn abut two outer dies 705 that
are partially showmn. Dies 705 each include bonding pads 730 that are
positioned in a 15 line along the center of the die in its |ongitudinal

di mensi on. - Bondi gy, Aaflerd e DARI4OREY: OB RURSALAR R, SUrTace

721. In an enbodi ne pa are not position back

substrate surhaealascéfionithd beidaiceshde i780,4hé Greb WhetdaBtHRitRicBP7MOdreeXt €Nd i Nt O
t he non-active back portion of the substrate. Bonding pads 730 are

posi tioned | dagnedatidihe thyowgtories 637. tlo apemhodimentthe thceyii3é are\f@ed

enbodi nent. Th bo?ﬂ{?g_%{lpada are equal . di st]f:ince fro&ht he sides .of the die
705 as defi r‘i’é@o%? FORANAY e maseratlayer sEXamples o1dhe nPR-6ARYYEE VB ondi ng
pads 730 tp i 1 are.formed by
third metal | ifﬁﬁgﬁégﬁfgﬁs’fﬁéﬁgﬁS%C%Q%l%?déﬁ@%fgg@rgieogﬁgbﬁséd The

deposi ting a tracemtlicaridvubrowgh eiasdR27 iare fohmed hrthegleay fras o thé noAccor di ngl y,
edge contacts 732 . 25 ext substrate top surface 721 to the

f h
substrate bacRMSHIPgLRAE ’?%ﬁro"’ihﬁ‘\aﬁlﬂi‘f&&oé apegeparptrsl fergdhecttitgst s 732 thus
back sur T ace S GHE bl Sl AecPMEBAE HABITIE TR @RGa e IP SUPPCIN P

back surface tr own in electrically

comuni cat i ogubgratdigt tho tre@hel 160 16 ah ethbb8inket, thé @ising YT tkd @iemades f rom ei t her
side of the substrate 700 through the edge contacts 30 732 forned in the
t hrough vitas peiormedhby msehanifally Betting o bban ershodimgnty disithgoia gpsrfonmed e

substrate to r e . n. an enbodi nent, the substrate 700 is coated
with a non-cg%%ﬁc{n?a\%eenz%dflg%lﬁaﬁhmw&%ﬁr %-H“egﬁ’é’%%?{dfthg pads 730, the area
whereat the traceFigdd 78 showk af BRModimskni BEthE RTLHAR Miawhichis sinfilR o

enbodi ment, the traces 731 are forned on top of the non-conductive

mat eri al | aydie subgtaatpishewn in Figarenth exasntisees wases 73HB erd anglddneitude

pol ym des, organi.c encapsul.an a benzocycl obut enes., Th races 731 and
Phrough vi as "opPHidp SOFERRENRR ee R 1 ABAERTY BIEVER & AEe g IR ng

mat eri al .15Thedbdinth@d?d2 s eSmddTn RitersSQIAL 2D BATHE AR tNG.AGIREGEt  dies by

di cing al ong saw street 708B and conpleting the cut through the substrate
at top trenclthrpugh holas srthe sitstiatesiO0, whenetheitep trgnaf 7 litheoseea B% i s 10

performed by tr%?lghh aﬂli f& }gXII'CC te}n%gdinlerr]lt,%gm% og ipgﬁsn'}:’»’OBdiiarg inggpci)s?tio%%trif ormed by
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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| aser. In an enbodinment, dicing is performed by water jet. Figure 7B shows
an enbodi nent of the substrate 700, which is simlar to the substrate
shown in Figure 7A except sonme traces 731 B are angled with respect to
correspondi ng traces 731 shown in Figure 7A. As described herein, 15 edge

contacts 732 f&&&dfiﬂgﬂgﬂ%%??tg{é?%%(gjc%tﬁggu}{s éret Eé‘é‘h io{“fh%reﬁg%&ggcgggg are

through holes int e op trench a back

trench. In tlhe Higedevithrerdiokk faktsur e FerRBerR 162 dEhe (BOBOSL apOt  poOsi ti oned
directly over a back trench. Thus, the trace 731 B that connects such bond

pads 730B arcebadgney, is packsged nsing herrdgp sontage Bk tbareacenssibligfrooont act 732
formed at 20t he sa ck trench as an edge contact. 732 cannected to an
adj acent bonglegtga’ Slggﬁr%afﬁiosf 0 ‘ﬁ&/\gl ?Ih%rng?fgg’fa?taﬁlf%ﬁﬁb S?riaoﬁ oV with
fewer baclk t@eegzﬁtﬂ%ohﬁﬁnactivla%ir@ﬁif@%greﬁ%dﬁmﬂ iﬁ@@%eﬁﬁﬁg%glgﬁ)ﬁ: Ih By an

enbodi nent, the contacts 732 are "formed at each en one back trench at
t hr ough vi as efdpdinfénisthe back swrfacofihl ismrodrel toakhe baklofthiesdpees or t hr ough

vias 727 is half t n er. qQf bond p .25 730. I n an _enbodi nent, all of
the traces 7§?l§a‘ftﬁggze;<&&gﬁﬁwtqt@c€ﬁ‘é‘g%ﬁeﬁ?éﬁ gionad, dhe die#98 igpackagedrds at an

angl e. - The t hathbodidiahe diIosAELRERIRHRG b0 Affed ABst i fichh 716 Or i de
p ew of a sin

of the die. Figure 8A shows a top perspective Vi gl'e"di e 805 that

is separat edmbodiment sthbatmaereof tavk fresches 8D6 is A les7ORabhaN nitibE Gfur e 7.
The die 805 ,30.is,diced fromthe adjacent dies along both the saw streets

in which 1@ t §pnd pads3 Otk theranvere eomtact isdosagd @tqaéhb@gq trenghi &hthas t rench was

of back o1 de TPenanat etk SEAUHRP cAORIRA AL RbuEHRag RO T 'Y

substrate. Epadgdf. Ohecestge 830n¢ Asinsd 88ane a@xlfahéRRY tWnth 8966t @E t he back
surface trenches 826. The die 805, in an enbodinent, is packaged using the
edge cont act §dg39f thpdie-are accessible from the top, side or back of the

die. In an enbodi surface 811 ich 5 dpes not ntain
active circuits, ﬁsﬁé’? gig:}geﬁggﬁ ilﬁ?p P'?rsl?eggg%g’éﬁt&ﬁf’@‘%?‘&ﬁ%‘ﬁmeﬁoéﬁe
enbodi nents, phRemdstersiohl TeeS11B sx8h®BOH Bohdifaas RAGK (Plorkhies £fge contacts

832. After the back surface 811 is ground, the 'die 805 is packaged. In an
enbodi nent, {The banécguacts §3¢R afeawe posienaddliteotly abavetthebackubsich826. 1 n an

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 paralle] 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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enbodi nent, the nunber of back trenches 826 is at |east equal to the nunber
of 10 bond pads 830 if the only one contact is forned in each back trench.
In this enbodi nent, one back trench 826 is cut so that it passes directly
under one bond pad 830. One contact 832 is forned at one end of each back

t h 826 at theg .ed f the.dig.,Fi. 8 h ' [
of “anot her_emboat REAEC 4ok 4 TR bR, BESHE s0h HRBe B REE K ond
ftom bond padsa: 83Back PefppitAehievd SRon-allife Ifag%q (68YY) BelesteBIQB rateS3Ot

positioned directly above the back trench 8 Accordingly, traces 83 1 B
extend at animohgles atpdurabiydsubsttate trakdrepelus 926 ghabBret formedhaccoohbant s 832.

One contact 832 is forned at each end.o ne trench, 826. The traces 831B
are at an an{ISPTPENLINVERITY, Aeror a@ésthsi)afﬁwrf%%bhas apnygatedes 831B 20

are at an San%ay\gntcg m%ﬁgﬁith%égﬁa%@?ﬂgﬁ%%@g{%ﬁe? pcttsbgﬂcgﬁé 826. In

this enbodi a back trench asses directly

beneath one K5 ipachréatatiCoof KOS thophipdity 88dict thaf firBdsudktraaeh end of
t he back trench at both edges of the die 805. The traces 831 are parall el

to the back Wabsehriggdatgiration oHawererbionscabmerl idggrationomdy eeigelecim®@Tt at one

edge of the die. The traces ,25.83 are nparal l el .to the.back.trench 826
and connect Bong pad Fté%ﬁﬁst éa‘déhtmnél & W8H@§’5tcoﬁ?ectt‘?’#9318?% ® cg’éé’lf(glfe the die.
The traces 8808 fof exddsla! suBbtrdt@® RAGthferdbbBEscrib& ikyve. enbodi nent, the nunber
of back trenches 826 is equal to half the nunber of bond pads 830. Thus,

t he nunmbd® of bacKigureh@skevs2portibat 03X ofdid 908 mtduding enabdcs silce 805, in an
enbodi nent accor,dj tq the present_ invent.ion, i 0 i,n the range of equal
to the nunbefreg‘fh L%@nagggglggg?ﬁ%gst{a&ﬁ f‘c_l‘eni Wé%ﬁfﬂg? US’F‘&”H&H‘%‘ pads 830,
830B. 14 Fi gwGorPh&i¢Bedh cit %o Rifm thdBhck ﬁdest'réﬂchel'bﬁ.oltt\ﬂﬁt@r@c%g(%fﬁhown 'n

Figure 8 but Tin a back perspective view Non-active region ( ) surface
911 of di e 90mt thinportided 035 pipeatalits¢l§ toaformulretipldte diza fde exnmplehdie 9936 t hat

are formed accqrding t.o th resent .i nvention. Accordingly, the back
surface 911 A% oé“b%rplt*‘ﬁﬂ&tgeﬁrgncgﬂ%ggr‘%ﬁE‘é?SSAﬁ‘i‘tdﬁéa ‘*JOIQSFWT&W@T@&E‘CRC@( renches
926 are adge]goidtied b¥ike rehitfed & ARDvdiISmE BPIHRSERLAKL % QheOR70T the

plurality of dies that ‘forma substirate or wafer during fabrication.
However, f or dsfiedeyahe uhéuistgion obHihe cubbsyrate. Edgetmmtatite] ®2%re formed at

each end of the substrate portion 1035 aligned with and at the ends of the back
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 embodiment, 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 edge
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
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is shown in Figure 9. Additional dies would be connected al ong the sides of
die 905, for exanple, substrates and wafers as described above. 10 Figure
10 shows a portion 1035 of die 905 including one back side trench 1026 and
a region of the substrate adjacent the back side trench, which region has

not been cut b}%gfg%&hk%ﬁcéﬁ%thﬁ feége c;nmm 11392%&(;&&%'{1&& Iﬁﬁgﬁﬁ%g{&zed t hat

this portion repeats - itse orma Cco di e

905 as showdepdasited guaxea&a ailtherdfe déhisetd 5132 afrﬁ(iﬂﬁﬁysh&'ﬂfan@ 8kcical osed
interior surface 15 1036 defined by the renoved, g., cut, volunme of the

substrat e angosielexith feredgesentaedo Eyrm baskeantacts rlé@i) o af embmhmmst rate.

Edge contact re f ach the ubstrate on 1035
aligned wit h%gé?é%{t t%%reg“é%e% tpﬂ'g n%eé%li{eéilgtp}}gu?q e %‘fe dge

contact s $032o0cHot nRérfildoiehd telsliBaral SRR A0 didls tHeH%'thé& agpudh area
to forma side contact. The back surface 1039 of the edge 20 contact 1032

is essenti al Ieycapd)@rahabaqhqomactselMﬂench interior surface 1036. Figure 11

shows the Figure rtio 03 fter furt processin De
portion 1135 i ncl 225&&\%8& ?‘Ft]ka‘{f?wﬁ a PPRtipg k%gﬂﬁé}ler%@é%%‘éagﬁrr?ench 1126

in_physical f@r’f}%rglr&%srxhgéfth‘é@ﬁﬁsﬁ‘i{eﬁ’&rﬁ%m PIARkRSHA GRG0 1] Doy edge contact

1132. In an enbodi nent,” one cont act orrre eac end of the

trench 1126. paBiohhl€46ondladds m&dsubmaenreglm thato¢ hdjaden0hnd Brafse¢essed trench
interior surf%ce 1136. The back cont act gad 1140 provi des back contacts

that el ed i EHFYE todhmbrak Fepch 4226, pbbrisubstate pnﬁwnslﬁémnqmdqs.tmr@mm) of the
integrated ci Efé'hitithtcmé%ﬂg (ﬁg&i i%{?%lﬁ@%ﬁﬁmgt}g’ gh %H&I 8% Tefll @”Bt e@g wn in

Figure 11). e back co f'Or Ne( ductor in

the trench. kontast 1@abddfomeed in &t daa@»kﬂﬁqr@unfmw Phe ﬁﬁlﬁlsswasdsfrattee i's
masked then the conductor material (is deposited in the unmasked portions

in the trencﬁa@!(l%fa\ﬁ)ﬁ|1§1"?sd*dw}bl§wm!8qddekahée toomilathe trfmb 132@and that t he end

of the trenc e bst r.at ack Sy! ce s red 15
by a diel ect rIB fl':clJ %)?g%tst % Eﬁ:"ﬂ}éc& g@&‘ﬁk&?flgmﬁ%gm& ﬂ’@ 8%??5? ?%(feri al is
then depdsi fd gberally plaﬂa raranbmne@gﬁe Getaeiback éh?r?noandaz NTRAVSIRAl and
electrical contact with the edge contact to form back contacts 1140. In an

enbodi nent , s@&@ntedsanoa&@@amthedmmlﬁ?,ﬁ that weremet aiit aredingavedisathasn. | n an

?gb?ﬂiagegi E:h edlé hgso ngﬁjc(f(tsurt%ce tme 1rs egslenf: :gli/j,/eﬁl?shtvtz1 ?h ﬁ)u tLaEﬁ g})netacbta(fﬁos urface and

Flgure 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 connects 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. In an
embodiment, the contact 1350 is a ball contact. In an embodiment, the ball
contact is a solder ball. In an embodiment, each of the edge contacts 1332 is
connected to a contact 1350. Die 1305 has a plurality of traces that are generally
parallel to each other and perpendicular to the sides of the die. Accordingly, die

30 1305 has back trenches (not shown) that only have one edge contact 1332
formed in alignment therewith. Thus, the number of back trenches is equal to

the number of bond pads and traces in this embodiment.

16



except for the back contacts 1140. Figure 12 shows a back view of a portion
1245 of the substrate after a further processing of the substrate portion
1135 as shown in Figure 11. The portion 1245 includes both substrate

regions that are adjacent and upraised 10 relative to the back trench 1226.

The substrate por¢j | R 22 i, & e-&£dge cont act
1232 al i gned vm'thplggg%%ﬁ%da?sc%ﬁg%ﬁségéh&Vg}ggggﬁﬁlsgg%nﬂ'tegéﬁg‘laﬁﬁ % formed
in each end piclideepiitLofdontadid6i337 lieat UrRS Aighed wilRaEN alher afigsdsitioned ace 1242,
which is upraised relative to both the trench 1226 and the back contacts

1240 i s subj eenoste edgasad khegdie 439 gOneobihie pairof eodack isoonnentedstol240 15 into
generally planar _r i.pnship.to ubstrate back.syrface.. 1242. That is,
the substra ({%aé]lelloﬁi) tgr(ﬂugfagmaq L@t‘?‘%ﬂﬁﬁfsﬂégn?adh‘&mﬂﬁr@“rﬂfte gut are

renoved so t&Ht i ; t: j i.al sh with
t he back cont ac{tmstg %428?}%&3@%3 éf\%gm%ﬁ%%%sc}ge%ﬁﬂg\%eg? §§qﬁc§ilé%1e%wdi e 1305

accor di ng t oa bomed pat E33OB thatis @ot alipned Dith thdpar bhadntatess EhepkacedBEtR of bond

pads 1330 that are 1/0 20 'ﬁﬁds’ whi lc]h connect the integrated circuits
i nternal to THENGS3L 2R gnglg Matirsspeet todhe edgegidhe digdvRS andawithgewpedatdg1 connect s

each bond pagel 330161 o SRR e phild: o RECRAIRIS AN BikPod 332 | Nl ude

a portion on the top surface o i'6n-on e Side of the

di e ext endi niothredgestdfeheliie 130p. FThe hmabertof Hable tréldheH A shel fndligurel N an
enbodi nent, the die 1305 includes at |east one upstanding, 25 conductive
cont act 1850133) 1gdess dapsxthe pember afipend gads B3Atagsids cosmets 1842 are fountsbdi nent |

t he cont act i | .contact.. Jn_an.,enbodi nen t.he bal.l ontact is
a sol der bal %%%%Elaf{jﬁ%efbﬁ’gkaftr?gﬁ&m%c% arermhd I%Eraeea‘_&ﬁ;'?f“%}(ctlr?‘:%%c)u‘l&ss

connect ed t Oore €nfdcaeE3 2 #%dch EhPollBOBreh@s Acddtdih@l] thy nBfbbrf Gafekt hat are
generally parallel to each other and perpendicular to the sides of the

di e. Accor di wgfiohes firmedan dR0S0hiseqyatie hatidhe nemb¢ntbostpmin 1330at onl y have
back trenches i Bt 14 SroFrrs s P LA EBbped fadtosmeorbiginben (hioo
enbodi mens. J@sdnit HleAtids BDRIS iAclhdR AHBRRCI dBe VhiW®14 5 thhi shed die
1305. The die includes pairs of contacts 1332 that are aligned with each
ot her and pogitenditen the diedppowiface tethgatic bicktsnefach. eA pBO&ityOfibadk t he pair of
contacts is SoMtatts {ZFR) &rg cghnected to the plurality of edge contacts 1432. Each edge

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  electnically 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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bond pad 1330 through a trace 1331 that is also aligned with the pair of
edge 5 contacts 1332. The other of the pair of contacts is connected by a
trace 1331B to a bond pad 1330B that is not aligned with the pair of
contacts. The trace 133 1 B extends at an angle with respect to the edge

of the die 1g ijrent, the
nunmber of con?%g?gql%%l@asgagﬁ%% ot;‘f'he)&%g lh('rn%gﬁé P%ﬂ%wﬁgoﬁgg&qﬁe
nunber of badie 1508 Bhdves i ﬁxghrasm iisitofiagty I’léS&ﬂe&&B}n tshtdcting ahbider t he

nunber of bond pads 1330 as_side contacts 1332 are fornmed at both ends of
at | east onedierldRénin mheraho@meumﬁémom@athﬁfh@mpcﬂéhwafenéuada&an one

contact 1332 ly, of, back
trenches for ﬁ%fngﬂggh W‘é@%’ E‘ES % edlﬁ fﬁsﬂwggﬁﬁ?ﬂ@?%ﬂﬂgbﬁ’&’ aﬁ'éjds 1330.
Fi gure 1l4s5shpyk sarfAéslon e @Bés 18 cBhI'iHc&lﬂQQ a@ja@eﬂﬁ% sﬁ&?ﬁfa@ﬂl@%é gadiie 15
present invention. Die 1405 includes a plurality of edge contacts 1432 t hat

extend from 15 hisa profilesbatfiacsentillytegualite thraprofikufithe dies Aompttinntalgi ty of

back contacts 144 nnected to the plurality of edge contacts 1432.
Each edge ¢ &ﬁﬁ@?&kquégn&gw&aﬁtﬁg@tlégoleerg}Félla,S% ‘%da?f-'o'nfl%t #¥M0. Thus, the
di e 1405 | NCLHERmCAORbAGLS 195 h3RofiradAR B Afficetdh Jﬁ@'ﬁ&é&l{]&ﬁce and

the di e back surface.” One 20 cont act orned at each end of

back trench fHd, 1bnha1ghenﬁoslprmr?rdesasma¢lcsltdca¢ielghﬂﬁﬁt issespasially deadnon at
| east one back contact 1440. |.n an i ment, contact 1450 is a sol der

bal I. Inlén ehibe drpesses oA e %ﬁ%kSOéonP&%Fmeﬁ%nhége Backgsigntsts 16480 t her eon.
Figure 15 Sh@%e@ttﬂ{aﬂ stt&%ii?% kpg{ g‘ﬁg%g&'ﬁeﬁgﬁm"ﬂ{%l ity of dies 1505 25

el ectrically connec § T0ge expands the finetional

capacity of the dFi%slrelE@amwsrtwanwﬂBf@qdoo&Hé topeRgitr Bding v eflb®feldRRI0i NCl ude
menory devices. Thus, the die stack 1555 expands the nmenory capacity over a

single die 1@@5’“‘?@@%%‘5&@‘1}%@%9@‘9@@ side oupéace of BleswafalsJEPlt e acti ve

surf ace cont S nated a e Xis the
P e 50 nu Rk Backiiher® YA ol BRSO NG, DS ST BuBRES et s 1540,
The top nest lmmfacééﬁﬁ ofisersS VONITE Ad? shOVaW IEFikBreN@Sok FasMRMfadriy, @acipack
substrate surface contacts 1540 free fromother contacts. These contacts

1540, in an élnﬂéaﬁ iresiades @p@dlns edds1a71dttraces)rﬂmteuoter¢mmem the bordikg pEB3ot 0 an

external cir g ge cognrz'l(c):tts ts hrough vias accorr(?mg to the teachings of the present
invention. In an embodiment, the top portions of edge contacts on one of the
wafers 1600 mclude 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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di e 1505 shown in Figure 15 has its contacts 1550 free ftom contacting
anot her die 1505. In an enbodi nent, these contacts 1550 connect the wafer
stack to an external circuit (not shown). Thus, the dies 1505 havi ng
contacts on the top and 5 back surface allow the dies to connected to

adj acent dies such that the die stack 1555 has a profile that is
essential ly equal I will he rgpogtizedthat it isheithithesscopmefithe preseny invendiostack 1555

dth t t 50 int i.at dj t di . nmbodi. 1 t,
cont act s 155 0peet AV gt (007 rass0iet B Hse elids kRt b SR prot i1 e,
i.e., height.jdhits Fofr QMngRS Re &aﬁkémba&.&ﬁﬂﬂep%tonteaalwg&r,%é edlly the

sum 10 of the thicknesses of the dies 1505. n an enbodi ment, the back
cont act s 1550y anamsstopicwnduaivstfdank t o a BGA or ot her chi p connect

structure._Figure 16 shqws, two fers 1600, the top wafer being inverted
relative td the b‘étaf‘cﬁ’ﬁ f‘%‘i’ms"cﬁm@??swfé?t"ftth%wé ﬂ@%dﬁwtﬂ‘?t%q @dask surface

of the wafers,. f 1 i egi ons of
di es 1605 of Sggl(])ntgﬁ%/\tgffglﬁger?@%t}%‘g%gﬁggcec-ggda{f:i%t{%{ﬂﬁé{?&?ﬁwﬁ)gﬁﬁgg%gﬁom in Fizure
16 for reasoriavaitioal Thidsauseahdiconticss HEREd bnebndiesvdmartiiabinnhe thraugh t r aces

that interconnect the bonding pads to edge contacts formed in through vias
accor di ng to Yi#orthagk ppiaets frmed dn edecaghes 164G &nbs dhthe backagwriaapelheent , t he

[ f 600 incl ud
(ot "shoun) (R SEAR P 15007 R REwRler 0 AR BBud BT T Borkng o the

edge cont pgt ssimuldtbestafeher waf er 1600. Accordingly, each die 1605 of one
wafer is electrically and physically connected to one die of the other
waf er. Each waf er Ineoembedinersstha sigfladaandcpnagctedivaforgH 600 ate singulatede fil | ed

ith a conductjv terial .. thus the i.ntegrated circuits of ch die 1605
s ol ect ri caldry ceuat Hehfbs ik ingeteth Bt Bl JolegePaber Tihe t nr ough
vias. In an Zhe pripadidI®nits eddiGndli@iad diks 08 AREEIh @Ach §Ah&do RAfdd on of the
edge contact. In an enbodi nent, back contacts as descri bed herein are

connect ed t o Theeexéatyal circom iseongectathishesehndivlokl witsfatithe edge aenthggadt one of

the waf 1600 _i,s adapted t d t . ext | circuit.
Accor di ngly, TS HFREEH: T8 o) EmbrOmeRr o auenal it & Sranded Bl i ons to

t he di es t hr qQra@iRiduArunMisas e 0Rdo@a&er ding to the 30 present invention such
that external connections are nade through the backside of at |east one of
the wafers 1600. 18gure 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 iwo 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-active side
trenches cross the active side trenches 1716 at mtersections 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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It wll be recognized that it is with the scope of the present invention to
connect the two wafers 1600 together by other nethods known to one of skill
in the art. For exanple, the wafers 1600, and the dies on each wafer, are
connected by an anisotropic conductive film 5 In an enbodinent, at |east

one of the wafers 1600 is subjected to back grinding to further thin the
waf er accordlvﬂﬁlcﬂHYﬂh@leﬂé@Clﬂm@Sslm atnﬁefegrt:@kl:enhgnedrﬁm@mlm Cmﬂ@t&:auses t he

contacts for con uctl ve eria t he t hr,ou

contact s f or a0 AR sidkh e b Sontieird serlfal REEL iek APPSR vER (he
| east one walghnckfORk toHxednalicitui@nSf shkRff). can be mounted in its non 10
singul ated state. In an enbodiment, the stacked and connected wafers 1600

are singul ated rFlghreé(’leshmhs ahmss{‘.btelom]: pmahﬂewtoédubsftram odi es remain
j oi ned to%t her. Thus, 5 i ndi_vi dual units _each include two dies, one die

from each “of geperallyglonafias 4 7B-17Reo g ddn. dhediet 7Bsl dbesnstld to t hese
I ndi vi dual u@?llﬁoﬁwﬂctﬁg%}rgﬂgﬁdgﬂ'@ﬁ&%g§7i@oﬂ'¢ot§9@%ﬂ?ﬁg'm%t héhe 17 6

enbodi nent , external circuit 1S connec €se IVI units at
t he back contaas:\tancﬁiygm‘gﬁecllJA shows a cross-sectional, partial VI ew of

substrate stack that has two substrates 1700. The cross-section is taken
general |y al ong vdugyredBishowap digritark thatdreludesdwe disE{Bdhatzare steckedne t wo

st acked substr.at. 700. . Fa ubstr at e 17 .udes ast two die
o e Coabihifle &Y @Pisice? Thall, AR B iR (RS AR adHosh B 100 1

two die ofp t hfotfaet. tTHE Mbhﬁéﬂ@@?are?@lﬁgd RAdther :157§90u@§e% dboVERfa @afdrhe active
circuit side of the dies 1705. The bond pads 1730 of the bottomdie are

al i gned wi t h foromih peersbedimente Tdive, thhsap dis 180% istfram e dlifitrentesubstrate ot t om di e.

T 1731 t l 30 dl 25 d f th
H 25505, Eagere e e BolbS e M0 e Gi2p QNN el st ve o dee
trench inter 'ﬂiﬁﬁk ot &ict Do Firem aa]a@énttﬁlﬂ‘& ofliRsf ?ﬁ@ﬁﬂo% Jike1 S Re §h@§’ﬁr ate. In

t he enbodi mrent shown, the dies at the bottom are forned on the sane
substrate amdtwdss thi diss 480% dngd aro peparated wherethegoineddies aresepabtetlifeane.  The

t de .t n d h
it er Sectiondis BIRSTHIER: Bt oBaIa 1 e EUEREEROMATE op o the
back of the HRSASE Lt SoTMRIYE Blaferil or iflefoondislichBeRHAR HOWRS, jdiRéd ardl ©

filled with conductive material and connect to
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 die, 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 according to an
embodiment of the present invention includes fabricating an active area on a
substrate. The active area includes integrated circuits. In an embodiment, the

30 integrated circuits form memory devices. In an embodiment, the integrated
circuits perform logic functions or processor tasks. In an embodiment, the active

area is a system on a chip device that inciudes logic functions and memory
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non-active side contacts 1740. The dies 1705 thus are interconnected at the
19 | vertically aligned bond pads 1730 and vertically aligned traces 1731.

Contacts 1740 at non-active sides of the connected, vertically aligned

di es 1705 provide connections to external circuits (not shown). Figure 17B
shows a cross-sectional, partial] view of substrate 1700 5 generally al ong

| i ne 17B- 17B fynctingudhe sanstrepieintgrmedintesha regrated cutnits arg partiells cetdni ve

circuit side trepches 1716 of both sybstrates ilch trenches 1716 are
vertically aﬁ‘z‘fﬁg‘ﬁ‘?eﬁ%—‘f’ E‘F 0%‘%%965‘”3‘%%%? 3%‘&'%!1"&“%‘88?& two die 1805
that are stacdpéiratd, PensrhlEbérRattQRe fﬂtéﬁatea- BRbuitsor diGrdpintidBy aiggs of the
two die are adjacent one 10 another. The two die 1805 are joi ned together
as di scussed fatrovieniaptiee sidd erback trenclien oakerdsrbladinreenitodiniéntsa plukedity op di e
1805 is froma different substrate or wafer than the bottom di e 1805.
Them, the J olSHin e BTEacvE regicatohibe suhstptgrEe madi fosfopn agilwalitygds from

adj acent - pai g, 0f.dl & etr@ﬂ&e&.hWé%‘th‘ég Ve ded @l Behi qac%an%ts en the dies

1805 and are separated when the jolne I es are separated fromI5 the

adj acent di elrenths inieasgctltBeré age forikd edowgt Viadinkhe sultratee ThREEha@lghsuch t hat
the vias with conductive material for interconnection between the two,
joined die maTproyide holessvhigh when filled wiihiacondweiivetmnateristareyidal f urt her

defi d h ked di 1805
Lo externa copard toRbthe @t o0 A5e iRk s MBI AR o of o

package 10y0 (Bsskykaifin@ dfehd fidstpdstesent i nvention. The: package 1970 incl udes
one of a die, die stack, or wafer stack that i ncludes back contacts 1940.

The die is encapsd¥imengus devicgsrase adaplable fonves vithe wafedbeel phekages ve ar ea
Lrom e e, o ENOES i AR XN AU e pprptect e case
commect 0, SR s cblonstle enakagIA10, M SN e o or o
met hod for f allectroaic systemswifdevidhal [€lpaplagkagelde aalielhmdng an antividedlodi ment  of
the pr ese{‘|5t iprall\t/tgrrr]lt, %y%?cahg %cl#gnegﬁla];,ao%reil s(::u%tstlrzﬂg tl%rt] cgr(l:tg.iin\s{ gir?&iter?, (g'nmtaegrated
circuit devices, to perform a specific function, such as memory functions, logic
functions, and address functions. A semiconductor wafer will typically contain a
repeated pattern of such dies containing the same functionality. The individual
i package includes struciures of ihe preseni inveniion or i1s manufactured
20 according to the methods of the present invention. The individual IC package, in
an embodiment, further contains additional circuitry to extend to such complex
devices as a monolithic processor with multiple functionality and/or a processor
and memory module in a single IC package. Individual IC packages typically
include a protective casing (not shown) with leads extending 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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substrate. The active area includes integrated circuits. In an enbodi nent,
the 30 integrated circuits formnenory devices. In an enbodi nent, the
integrated circuits performlogic functions or processor tasks. In an
enbodi ment, the active area is a systemon a chip device that includes

| ogi c functions and menory 20 functions. The saw streets internediate the
i ntegrated ciacowiding taitle prasant HIVIGVHQIUM are formefl by suethipdsedtheopresamt f or m

trenches or kerfs. The non- act g ons @f&ﬁq substrat& 591% erally
beneath the iMYBEPRr SATEISKEIPISS Obp CHrUEmatwe faydegprmonymogyes. dgyige -
non-active SiglgeRr @@Eﬂﬂnhéﬁ%@%nﬁ&uéé%ﬁ fnodbfs AR OEMs ard Pl urality of

5 cuts in the non- Iglctlve regrons of the substrate are made to form a
plurality of appheutmatspeefis(ABIG)meodiies andivey encline raclitilayer, sindgchipenches and

non- actlve S|de trenches jntersect, ther re for dthrou?h vias in the
substrate.’ ?Shrﬂlfg’i‘\fcuvffé?rif’r‘éaﬂp@éq?gl ggﬂem\/{ﬂ comeensty Pf e yamty h a
conducti ve ”%tf%{egﬁgwerge%ﬂs spBOR 2ES AeOKfbnt BRGNS pEARIIS LT L ace O

the substrate an actirve surface rate

Nuner ous devicoffputsr Sparsttial édrh essistint UsiCautdrhébik, maﬁﬂumhevﬁnmaa@ﬁm alsS
described herein. Such devices include individual |C packag soneti nmes
referred to &rceat gl others.clhe CWW@QUICdﬁ&@rWWmfII@éS exisadisBnput er s and

el ectron ¢ SYRLEBy AdCYLINA) L GiATHEATRR SLHAS: ffles havi ng e

i ndi vi dual rate that contains

circuitryio orcohﬂﬁlagéaam%d@bﬁwl t deV| ces to performa specific function,
such as nenory functions, logic functions, and address functions. A

seni conduct or ~ waf dPnayorm quap:ilr@alt mod@tms amﬂr@rym@qﬁ@éﬁ eHlepra@memm@ﬁuls uch dies
contai ning the me_f ona The individya K ggg}(g e includes
Ceructures ofnRiipultBfam AR darcas o Sttt MR emezef 388t ng o the
net hods of t n&éﬁ§ﬁ€ﬁenﬁﬁ1\g‘iﬂbh% debited bROwWiitE B thk deRRCHRAGSrityl Mhean

enbodi ment, further contains additional circuitry to extend fo such conpl ex
devi ces as a memalyimédule mc@pssammaudmlgml fropnl an EfXEﬂTOQIICOHHDIIQF)(HQH’Id/ or a

P o0e=S01 s A UEIBL Y TR 11D o SORS S BREsasiy LA b pockases
t her ef r om (NqfnigSTROOYMInaRE fH}ik qh@gata%ﬁ§ §retc9mtlé%?ed°cb N1Eddls ek dén@ing s | C
package for unilateral or | at eral communi cation and contr OP In an
enbodi ment, tthesuppeds Talmeerleammem@éb and/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 user interface include the
25 keyboard, pointing device, monitor or printer of a personal computer; the tuning
dial, display or speakers of a radio; the ignition switch, 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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to the edge contacts, ball contacts or other contacts as descri bed herein.
Circuit nodules include two or nore dies that are conbined, with or

wi t hout protective casing. Such a conbination enhances or extends the 30
functionality of an individual die. The circuit nodul e includes a

conbi nation of dies representing a variety of functions, or a conbination
of di es cont aintiitfagetdref oheninfommetion@ither pryprograenced intir, or diheswvieé circui t

nodul e contain structures 21 accarding. the present invention or are
forned by net?{BH’ée‘ng’t%]PFeaB‘it’é)é’é‘rl'ﬂn‘t'i‘ﬁ%%ﬁﬁgﬁﬁ@wo&ﬁ‘ﬁﬂlswf&ﬁm@@ﬁr cui t

nmodul e inclu B %ivERd : pce. driv . .

conmmuni cat i ogﬁrﬁgﬁemg?él pr b%é@gog#g%{cf&fgkﬁadﬁl @Sﬁ) ?I\gg%sfg(ﬁgggggﬁﬁeg a'(nASI O
modul es, and mmeghanivel codgponehtsithetyshownyrial ddditivinfo She@ebuktetedul@ean@ithe Ui t

modul e is,_in an enbodinent, a subconponent of a variety of electronic
systens, such'ssEinderéacec it will heaappractateshihaithe ene opmerssircaitpeedidesdn the onput er |
per sonal dat | st n tomebile. an.in utriab contr.ol.system an

ai rcraft anda% erngc. Sf#%n %rlerr 3? e%&uﬁuégl%ggeg&%gﬂr%ql 1 elné%? é&tt endi ng

t her ef r om andnc@ughirdithént! e efic@8nie s piterdliiNF sttrbipbiérlof @arBéd M &@fodlc 10
comruni cation and control. One formof a circuit nodule is™a nenory nodul e.
The menory nodstea. twmt alsobe apprecipied that ablegstioBe of thiearsmory moppes t, t he

nunber of |C devi.ce eneral | y depgendi ng upon .the desired bus w dth and

the desire fdPolsrs %’S}‘cg‘ﬁf Ccﬂ’if)‘]}‘/ﬂﬁrt? tﬁﬁ)B‘iﬁF tgg“@@B?%ora‘Sé%‘mFélrﬂEC%ﬁ%tP ftom an
external ¢ENthHethb&d adcBRfingl® ROPWRInt FvegticGRMENd | ink and provides for data
| nput and data output on data |links. The command |ink and data |inks are

connect ed to | eadsAegtefidembodiment of dnecleutnar dysteie amemoyy syerdi. eTland/ or
the dies that constitute at |east part of the menory nodul e include

structures of MPREDPYESEHACRAGERRE BAIIE mamory siadilps and e gramery ceatralitrhods of
the present | b8ty méduEd @a%L%BHﬂaﬁ]ﬁé%E%ﬁgh{%%{o?g?c‘a&%cé’sf fpe cireut

modul es. An el ectroni’c systém genérally contains & user tnterface that

conmuni cat es enitiddirentehteedst oM 6f methbiy, ddvivat idhales sEeGuRE asdoRdifg teltRCct ri cal
inforination. The user interface provides a user of the electronic system
wi th someld orieSnt @yaRtian ords fabpisaled aeqosding to theeresertsioventionf Thige el ect roni ¢

uni t. Some eﬁgm!)&scommﬂéreifroéfiﬁ%see{rfdac%%tniaﬂCal blfglfr'\ectti%gal interface between

memory system and an external system bus. The memory system accepts a
command signal from the external bus and relays it to the one or more memory
moduies on a command link. The memory system provides for data input and

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

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

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

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

computer system, in an embodiment, are incorporated on a single die or IC
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25 keyboard, pointing device, nonitor or printer of a personal conputer;
the tuning dial, display or speakers of a radio; the ignition swtch,
gauges or gas pedal of an autonpbile; and the card reader, keypad, display
or currency dispenser of an automated teller machine. The user interface,
in an enbodi nent, provides access ports provided to electronic unit.
Access ports packaggs dach singlerrekageqio@esing usits rwdugs thecemmunichdombme t angi bl e

interf t i I i fi On th
Tt roaEnveng 2Rt il G Snehor sRERH ol w6l ne PRt af et i on.
control or digReriehBleskbiPitldthd MRMoPY s RINPRaih An 46 e W Rhihges. or of

'écl&é
other information either preprogranmmed 1 nto, or otherws provi ged to, the
el ectroni c urth¢ predentunventioe apparent fromthe |ists of exanples previously

gi ven, elgftronic systemis, in an enbodi nent, associated with certain
mechani cal® conmponeriesbeNs descHBHAY refers 421 ARMpTaHs Yigws RE seastralgs thakpdul es and

the 5 user | MHENACEnbddimbhislor it SORNPHIBhEH, [Hflke 111G QRE aPlimr € CIFCUlt

nodul es in the electronic syste re replaced by a singl’e Intégrated
circuit in anirewbesameilarges, 3implifsdoedierte illustrhfeehepresdnt Givietisy/ SFamM i s a
subconponent of a larger electronic system It wll|l also be appreciated
that at | eastexa3melepthery stsgisapd disgshedn in higntegbare showie it 852aigEcor di ng t o

(e Bresem NSRS O5ular TR AESARIL Dl QoS g 90 Lo Lhe

present inven Ic e nrc systemas a

Nenory Syg} engtredto@re BB Ys SHA! & PdstibladeslodNBorRIdiddRb Be THINRDon@Pdul es and a
menory controller. The nmenory nodul es each contain one or nore nenory |IC

devi ces. |n &theleshstateent, at | east one of nmenory devices includes

structures according to the 15 prese S |1nv.enti on or is fabricated according
to the present invention. The nenor | I er provides and controls a

bi di rectional i nterfeafefnti@iof@nthrdBARS o7 %pEATERE AEEIRIIAR bro&isem bus.
The nenory system accepts a comand signal fromthe external bus and

relays it to athe wafer svelpackageerss ¢ chipopiofites Tawt &, cognificantspace | i nk. The
e Y Y T i &l o S 3 Bl REAE R one ©
speci fi ¢ enbaglioUBRYViahreadbt@hRfdd IBNhE sB¥ D BY Rechane ABRMES 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 ini 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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system The conputer systemincludes a processor and a nmenory system housed
in a conputer unit. The conputer systemis but one exanple of an electronic
25 system contai ning another electronic system i.e., the nenory system as
a subconponent. The conputer systemoptionally contains user interface
conponents. User interface conponents include, but are not limted to a
keyboard, a pbhinvegtisesleioeed ik nonitor, a printer and a bul k storage
device. It will be appreciated that other conponents are often associ ated
Wi th conmputer 30 system such as nodens, device driver cards, additional

storage devi opsantharald il e b RRLERALed that Lhe processor
(0} e er

and the nenory syste t conpu Syst é PiS*%n enbodi nent, are

i ncorporated on a &imgigartinegedted &irchidt RRLKASde SP5 Butstra@l € package
processing units reduce the conmuni cation tine between the processor and
the nenory circui ttrenching the fis sihsof s aubstrate haformtat leastsine fustetrafcht he
processor and tdhe menory system contain an | C package according to the

pr esent i nventlon 5 The above descri ption refers to nunerous views of
substrates that i{réiéhided ®corPadé FEMESutraldls f@{f?ﬂ@& t'oHéIFéUohﬁ@:e %r ese
views are, at tinmes, drawn to an enlarges, sinpli |ef scafe to iTTustrate
t he present iheewrpssontheHust tramehapireintdrbetionwisdretyeths imadedioafoshoan in
Figure 4 are shg‘_tv(\)m {hgfa %r.éfate enl(fr,ges scal e. Hundreds of die are forned
on a single sUBSCIAYE N§GRLAQPa $PC8Re §8BEs are fonned as snal |l as possible
to allow nore dies to be forned on a single substrate. Conclusion The
formng of the through vias or apertures as described herein provides a
true wafer | éeThpmethadef climg.1, waerei perphifg the firsThidt i§ Secknsdatipi f i cant

-space 15 savi n%S? if achi eved by producing a small package size. The
ged. apd

di mensi ons of!f Sihgreiny frachinecthg secongdisideds mpchanécally sesnelfed; he
mechani cal cutters used to forin. +the partial cuts in the substrate. That
is, with a saw bl ade, the width of the blade mnaking the cut in the

substrat e t ofB.sTid method ot elaith 2ewhereth MMk trbfohihg the firstlsidngtites The

wi dth of a blade making the cut :In 'Ll-le substrate back surface
sawing the substrate.

4. The method of claim 3, wherein sawing includes sawing in saw streets

intermediate a plurality of integrated circuits in the substrate,

5. The method of claim 2, wherein mechanically trenching the second side of

the substrate includes sawing orthogonally to the first trench.

6. The method of claim 2, wherein mechanically trenching the second side of

the substrate includes sawing the substrate beneath the integrated circuit.
7. The method of claim 1, further comprising filling the via with a conductor.

8. The method of claim 7, further comprising connecting the conductor to the

integrated circuit.

9. The method of claim 1, wherein trenching the first side includes sawing about

half the thickness of the substrate.
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20 determ nes another dinension (e.g., width). Accordingly, the dinensions
of the via can be nmade as small as the width of saw bl ades. In an

enbodi ment, a dinmension of the via is about 0.2mm The techni ques

descri bed herein provide a |ow cost and an industrial acceptable nethod to
produce thr 02861 ﬂlas ﬁ)}g’pogr ed to conventional etching and |aser drill

t echni ques. -alheagihod of gl 1s whersystrepcdingsntgdhe Biss gideingludassaving a
substrate acc ' I ' ' The invention claimed is:
1. An integr a@%ﬂlggg}v&g?‘%ﬁg@fﬁ%gpfc%&\%?hﬂgﬁbggaﬁ%ri sing: formng an
integrated circuit on a first side of a substrate; trenching the first side
of the substrate to format |east one first trench; and trenching a second
side of the sbbsthamethod of glaimds whergst trensbinganiortbe firsesigh indlindes sewogses t he
first trench gt intersectiagn,, wher the intersection forms a via from
the first si d%otugﬁ??\eéq‘éaé‘%f)sn%egliuﬁlg?essz'f’ie‘?‘ﬁév thod of claim1, wherein
trenching the first side is nmechanically trenched, and wherein trenching
the second side is nechanically trenched. 3. The method of claim2, wherein
mechani cal | y 1% eRathinathotl o€ climdt whemden irerchingdke fisavida gndildes salosigriat e. 4.
The net hod of cl a%i 3, wherein saw ng includes sawing in saw streets

i nt er medi at e YOTFS PR JOSF3Eegrated circuits in the substrate. 5. The
met hod of claim 2, wherein nmechanically trenching the second side of the
substrate includes sawi ng orthogonally to the first trench. 6. The nethod
of claim 2, wierBiemetotaficinahllywhernciémetinizhie sseonhsids btheahibsttdie

substrate incl udgssn{savm' ng,tar:rg suhstrate beneath the integrated circuit. 7.
The net hod of MEeHiiEst finping {b¢ andsthemsaying jrieg 2 paeksidepfithe waterconduct or .

8. The netho j fUr LS| anecti ng. or to
the integr aﬂlesg{gcgllre g%\?]tb.?adg .SH%Q%%%h% !3)[? mcglgﬁalﬂ&%?{é a%\t/c\ihsgg/g%:&f @gggﬁﬁ\ig t he
first side i nidaectess saahiotigr ebfouin théralaf t he t hi ckness of the substrate. 25

14. The method of claim 1, wherein trenching the second side includes forming

a plurality of second trenches beneath an active area of the substrate.

15. The method of claim 14, wherein forming the plurality of second trenches
includes forming a plurality of second trenches equal to a number of bond pads

on the substrate.

16. The method of claim 14, wherein forming the plurality of second trenches
includes forming a plurality of second trenches that is less than a number of bond

pads on the substrate.
17. The method of claim 14, wherein forming the plurality of second trenches
includes forming N plurality of second trenches that is equal to half a number of

bond pads on the substrate.

18. The method of claim 17, wherein forming a plurality of second trenches
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10. The method of claim11, wherein trenching into the first side includes
sawi ng through over about half the thickness of the substrate. 11. The
met hod of claim 1, wherein trenching into the first side includes saw ng
about three-quarters the thickness of the wafer. 12. The nethod of claim1,
wherein trenching the first side includes sawing in saw streets in the
substrate. 13ncipdes inerting aepnductirmt ¢achviniersettion efghe first drenttearsbthond si de of
t he substrate Iuli'a\%g\lf ufs%g fq’ rst. flipping the wafer, and then sawing into a
backsi de of the ¢ Wﬂmpﬁ% saw bl ade so that the sawing on the first
side and saw ng on the second side cross each other to formthe via. 14.
The nmethod of claim1l, wherein trenching the second side includes formng
a plurality of9 sBuwonethpd eficlias 1Bewbatin insertacg a vendacea iefludes dorsnibgtr at e, 15.
The nethod of _claim 14, wherein formng the plurality of second trenches

i ncl udes for n‘far?ﬁ?féamﬁPE‘?e&F%]?Pr@fpagé‘é‘glhﬁq?E}séﬂ% h%ﬁ%f%“f%sﬂlftliﬁnber of bond
pads on the jgibstfigte. 16. The nethod of claim 14, wherein formng the
plurality of second trenches includes formng a plurality of second
trenches that is | ess than a nunber of bond pads on the substrate. 17. The
met hod of cwﬁdr 4, wherein formng the plurality of second trenches

i ncl udes for meitipd of ¢lping 8 sulespig nsegimeeeonduetor insthe dwabgh vial f a
nber of bopgd: : . The, met f.clai.m17, wherei
formng a pl oraiaseBl s Hahdeh Sondiof 0 LR AL edsideda i onavcror at

each interseckcamn ffe.the first trench and the plurality of second
trenches. 19. The nethod of claim 18, wherein inserting a conductor
includes formng a trace that connects a bond pad with at | east one of the

conduct iyt ' j 20, .T et hod of cl.aim.18 erein
Cneerting a canduicBRbSa SEGaIn?Bo. FureifiiGmie of Sl Pl st s an
el ectrical cabng@kiagualtyasttiftelfated difcalts 5h 8 YvaddtdnichBedifRcoRGnELEe.

22. The method of claim 21, wherein forming an integrated circuit includes
forming saw streets in the first direction, and wherein trenching the first trench
includes forming the first trench in the saw streets extending in the first

direction.

23. The method of claim 22, wherein trenching the second trench includes

forming the second trench in a backside of the substrate beneath the integrated

circuits.

24, The method of claim 23, wherein forming an integrated circuit includes
providing a bond pad on the first side of the substrate and connecting the bond

pad to the conductor in the through via.

25. The method of claim 24, wherein forming an integrated circuit includes
dicing the substrate through the through via such that a part of the conductor

remains on each part of the adjacent die.

26. The method of claim 24, wherein forming an integrated circuit includes

positioning a bond pad directly above the second trench, and wherein connecting
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21. The nethod of claim 20, wherein formng an integrated circuit includes
formng a plurality of integrated circuits on a wafer internedi ate saw
streets. 22. The nethod of claim 21, wherein formng an integrated circuit
includes formng saw streets in the first direction, and wherein trenching
the first trench includes formng the first trench in the saw streets

ext endi ng i n thedopd pad to de cerductn iInclades forming e fiade, ofhich wiparaiz] tonher ei n
trenching the_sec dcrhren h includes formng the second trench in a

backsi de of t%egog‘ggg? a?%ﬁ}? Ef‘ﬂ ®t he int egrated circuits. 24. The net hod
of claim 23, wherein formng an integrated circuit includes providing a
bond pad on the first side of the substrate and connecting the bond pad to
t he conduct or27.nThdmethod ofighinmi2d, whéeinThanmgtanoaegdfated| cidcnit 24 luddser ei n

formng an integrated circuit includes dicing the substrate through the
t hrough via s l%%&aﬁmb@mdw rﬁ‘étfiyc%’f%%bcecﬁegoqdéﬁeéichsaf@ﬁ”@éélﬁ part of the

adj acent di e..Z8ecti 0B O 5l & ‘)’Wﬂﬁr YW ] -Lint egrated
circuit incl u(ijesec Ipll:%?lhti ollrl.ﬁ)ﬂ% a ﬁondmblgtgnl regtgrd&né%@erg%hgﬁé%@%nd trench,
and wher ei n cskeneotthaigeedidd trivechbh om thepsabsttate.t he conductor includes formng a

trace, which is parallel to the second trench, on the substrate. 27. The
nmet hod of claim 24, wherein formng an integrated circuit includes

posi tioni ng aQSt?Oﬂgedlplgglaa%c@LqucHnéﬁgé)%\r{ﬁ?Str%g second trench, and wherein

connecting the bon to the ton udes formng a trace, which is

skew to the secondinkéreing cosductdien sielihitdugh @ia 38xtehd SromeiHaadp Hrscdidd m 1,
further conprising: inserting a conductor in the through via to extend from

the top, fir s thebrek, sesopdhsidgack, second side; positioning a bond pad on
the first side; connecti on d.to the conductor; and formng a
SRS Lo bR R s

back side cont act , S CO > conduct or, at one end of the
second trench. connecting the bond pad to the conductor; and
forming a back side contact, which is connected to the conductor, at one

end of the second trench.

29. The method of claim 28, wherein forming a back side contact includes

backgrinding the back side of the substrate so that the back side is essentially

30. The method of claim 1, wherein forming an integrated circuit includes
forming a plurality of first integrated circuit devices separated by streets; and
further comprising forming a substrate level package of two integrated circuit
devices by:

inserting a conductor into the through vias to form contacts on the first,
top side and the second, back side;

connecting the conductor to at least one of the plurality of first integrated
circuit devices;

providing a second substrate including a plurality of second individual
integrated circuit devices separated by streets;

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
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29. The nethod of claim 28, wherein form ng a back side contact includes
backgrindi ng the back side of the substrate so that the back side is
essentially coplanar to the back side contact. 30. The nmethod of claiml1,
wherein formng an integrated circuit includes formng a plurality of

first integrated circuit devices separated by streets; and further

conpri si ng f odsHiery and sedont nategratedweaicuip dekiagpefrarh thenathempadrgrodcennectedc ui t

devi ces by: iﬁs?rtti n%ﬁ congctluct.or into the thrOLdgh Vi gs to formcontacts on
the first, t8F" SR SAGTTHEICAES AT SERooR UPgated SFRRL EEYIRT: t he conductor to
at |east one of the plurality of first integrated circuit devices;

provi ding a second substrate including a plurality of second i ndivi dual

i ntegrated ci3ktuThe sethoded chepaddatvherehyprovidast Ssecomhfdtrhtegndlidespl ural ity
of second integrated circuit devices to the first. plurality of integrated
circuit devices: aﬁﬂmé‘%ifﬁtticﬁ@h%d%Hlé?cﬁt@ﬂtsﬁaiartgp ide o ghecsgpprabsubatrate s st

integrated circuit : i Iy it ted circuit devices from
the other pairs of fo(%:lglh fgu'tufé\tg?reﬁl I’gt%%ﬁfl’?] gzbcrkalfjgg%%}ersgﬂﬂds §§,‘faé%§° Q‘ﬁg second

integrated cithefitd sievioReh treddhes Thtersegtith Foknofhréilghi Vias3BomWheiopisidedpovi di ng a
second substrate includes formng third trenches in the streets on a top
side of the sWb¢baeksidpnfithesesond s@shaisy fourth trenches on the backside of

t he second substra t.the .third.,and fourth. trenches intersect to
form t hrough vi as rg%r?hggégg?%uﬁ IR t@%thr%%l ‘ﬂﬁ%ﬁ?&f’ﬁ'@ CB?ta?tﬁgnglé%{?ﬂd
substrate; | ngésindlieBag@ndugidr into the through vias to formcontacts on
the top side and the backside; and connecting the conductor to at |east
one of the plural i%oanedtingtbe pehducior égatleat oo ot pluelyodsecodd. The net hod
iof cl aim 31, Wper?icp .fornan%the third trench includes formng the third
trench to a JdBFERSTEVENEF t he thickness of the second substrate, and
wherein formng the fourth trenches includes formng the fourth trench to a

32. The method of claim 31, wherein forming the third trench includes forming
the third trench to a depth of over half the thickness of the second substrate, and
wherein forming the fourth trenches includes forming the fourth trench to a
depth of over half the thickness of the second substrate.

33. The method of claim 32, wherein forming the fourih irenches inciudes
forming a plurality of fourth trenches beneath at least one of the second

mtegrated circuit devices.
34. The method of claim 33, wherein the fourth trenches are linear.
35. The method of claim 34, wherein the second trenches are linear.

36. The method of claim 33, wherein connecting the plurality of second
integrated circuit devices to the first plurality of integrated circuit devices
includes aligning dies in the first substrate with dies in the second substrate and
connecting bond pads of the die on the first substrate to bond pads of the die on

the second substrate.

37. The method of claim 36, wherein separating connected pairs of the
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depth of over half the thickness of the second substrate. 33. T Lie nethod
of Claim32, wherein formng the fourth trenches includes formng a
plurality of fourth trenches beneath at | east one of the second integrated
circuit devices. 34. The nethod of claim 33, wherein the fourth trenches
are linear. 35. The nethod of claim 34, wherein the second trenches are

| i near. 36. THNSeeHbigstontegratedpirgait doviesseind scomdentegratpdtdieuipldaviaki ty of

second integrated circuit devi.ces to.the first pluralit i nfegrated
it Gidalou ‘ ¢

f
circuit devic&SUOFREFHHALCNSITGHTAG th st SWhsirate ap the seeqndssPSIFAE (i h ol es i n

the second sugﬁisrcﬁtc@es&ﬁ@t HOPRGREDY: BeREpRalle %Edi)gﬁs.di e on the first
substrate to bond pads of the die on the second substrate. 37. The nethod

of claim 36, wherein separating connected pairs of the 29 connected first
integrated citguit device nd .second. integrated circuit _ devices includes
si mul t aneousl ‘diﬁ?ﬁﬁﬁpﬁéEFﬁf §§5W SEmgoangaimsthep ety af segerd rate into

pairs of di esijthaliedE; Clﬁpmts%jth@tﬁrgtgﬁltuﬁg@gﬁﬁ{lﬂg i%@@%(i) uis?%g\%ug?’s' The

met hod of cl ai m™37, erel n connectin econ i nt egrated
circuit devi cimsludes bavkefindiag tha juined ifirst sabstiard 2airthé sstofll Ebstratedevi ces

i ncl udes backgrinding the joined first substrate and the second substrate.
39. The nethod of one of clains 30-38, conprising connecting traces

connect ed _t 03d ey DB BRI BAUAERAMES! LB LR SONAUELOE L0 At L gast one

of the bond pads "using one o e traces;

wher ei n pr ovi @i thgbendgrisNthdsionfédtingehd CuHdUEBBto £ WUIESHd STIhS B&RNShdsT aces
connected to the bond pads on the second substrate, and connecting the

conduct or of Y9 arecRffie Yagssirate to at | east one of the bond pads of the
second substrate using the second traces. 41. The nethod of claim 40,
wherein connecting the plurality of second integrated circuit devices to

the first pl umilTﬁ@/m@ffhoﬂl&'fSEI@BQ,dWEéréﬁLBrbviﬂﬁlﬁiaCs%ﬁond fiskidemcpapgecti ng the
traces of the first substrate to traces of the second substrate. 42. The

net hod of cl AfoPagingfeeqns| tracemeonsiected td thg bond padsamdthe newgd atlestracd, r cui t

and connecting the conductor of the second substrate to at least one of the bond

pads of the second substrate using the second traces.

41. The method of claim 40, wherein connecting the plurality of second
integrated circuit devices to the [irst plurality of integrated circuit devices
includes connecting the traces of the first substrate to traces of the second

substrate.

42. The method of claim 40, wherein the plurality of second integrated circuit
devices to the first plurality of integrated circuit devices includes connecting the

bond pads of the first substrate to bond pads of the second substrate.

43. The method of claim 40, wherein forming fourth trenches on the backside
includes forming fourth trenches parallel to respective traces of the second

substrate.

44. The method of claim 40, wherein forming the fourth trenches includes
forming the fourth trenches essentially perpendicular to respective ones of the

through vias of the second substrate.
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devices to the first plurality of integrated circuit devices includes
connecting the bond pads of the first substrate to bond pads of the second
substrate. 43. The nethod of claim40, wherein formng fourth trenches on

t he backside includes formng fourth trenches parallel to respective

traces of the second substrate. 44. The nethod of claim40, wherein
forning the fBurthe mebadréans ptaleiossts andrad wherineformingthe fousthcirnshes

essentially perpendi cul ar r t n of th t hrough vias of the
second substrlg‘flg.ge%ec hu ‘f@f’ggb‘e E%ﬁ% ?"eé?cé}lnﬁrﬁ g fhd 44, wherein
formng the fourth trenches i ncl udes nechanically cutting the backsi de of
the second substrate. 46. The nethod of claim30, further conprising:
encapsul at i ngtta T metbpd phelagndfeluttber dammisingat egrated circuit devi ce and

second integrated circuit. device;. and providi ng contacts tq the ir of the
connected first i n‘?“@ﬁ?sé‘tlaé‘dlgc?lwmftﬁ e‘étgdgﬁﬁ%stg%‘&t? Cirqpid F'QF%B‘P% rcuit

devi ce at thef,e%s&éégatgj cithif: @fvidehgndai r. 47. The nethod of claim 46,
wher ei n connecting includes aligning the active side of the first

substrate to the anbv:dmgscouheactsftotthepa;ecﬁﬂld contzsted dirst. ingBratctharcaet hod of
claim 47, wherein cqnnecti.ng the Iur on integrated circuit
devices to tHEVIEAR Sﬁt%ﬁavt%svte&r tCHtt %/éb&E?’P‘ﬁﬁ}dF A ovF e&He PaHc| udes
connecting bond pads of the second substrate to bond pads of the first
substrate. 49. The nethod of claim47, wherein connecting the plurality of

second i nt egi7at’Btk methodiof cldizn 46 eshéreintdoanddting ingbhdes aliiiyig de dcavegr at ed
circuit devices |ncludes connecti nc%wt races of the second substrate to

traces of theids oldhe §irgtsubstrate tosle activg siderh dhe ssrond |ibsTA, wher ei n

connecting the plurality of second integrated circuit deV| ces to the first
plurality of integrated circuit devices includes connecting the conductors
in the througts. vitesmethod béclaeﬁ@mdwmbmcro&h&uhg tigopldiatityos fSsetond he t hr ough
vias of the first substrate thod of any of the precedl ng cl ai ns,
wher ei n f or nilReEed ‘Htcé’&rdﬂ’@és t‘btthé'lﬁﬁttpl‘ifﬁ%qy@éé‘ﬁe$ﬂ@tilcﬁp% &vitksnory devi ce.

includes connecting bond pads of the second substrate to bond pads of the first

substrate.

49. The method of claim 47, wherein connecting the plurality of second
untegrated circuil devices Lo the firsi piuraiiiy of integrated circuit devices

includes connecting traces of the second substrate to traces of the first substrate.

50. The method of claim 47, wherein connecting the plurality of second
integrated circuit devices to the first plurality of integrated circuit devices
includes connecting the conductors in the through vias of the second substrate to

conductors in the through vias of the first substrate.

51. The method of any of the preceding claims, wherein forming an integrated

circuit includes providing a memory device.

52. An integrated circuit die formed according the method of any of the

preceding claims.

53. An integrated circuit die, comprising;
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52. An integrated circuit die formed according the nethod of any of the
preceding clainms. 53. An integrated circuit die, conprising: 31 a
substrate; an active area on the substrate; an insulation |layer on the
active area; first and second bond pads on the insulation |ayer and
electrically connected to the active area; a first contact; a second
contact; a first tzagstraiéhnecting the first bond pad to the first contact;

and a second trace_connecting the second bond pad to the second contact,
the second trace BEIAYCABASRAF FESTRS the first trace. 54. The die of

claim 53, wherein JR:986ANAyEr AC@e asivORtanar with the first trace. 55.
The die of claimb53, wherein"the first trade is linearly aligned with the

second contact andfitshend secsid bark gadt on Sife indiliatich lyafandletdctiically wherein the
first trace is Iinq?rl aligned with the first contact and the first bond
pad. 57. The {nEedf CBHE %] ai ns 53 - 56, wherein the first trace is
enl ongate. 58. The, dif.HMi@ny one of clainms 53-57, wherein the first trace
and the second trace are not connected. 59. The die of any of clains 52-58,
wherein the activeasicead torthatdes a nmenory device. 60. The die of any of
clainms 52-59, wherein the substrate has a first edge and a second edge
opposite the first?Buybacqgrapestingdhe firss bordpakte the firshcontactf andst edge;

opposite the ! . . _ . |
the second edge: a0l apis behPfealgd it e SAE RPicedt ' B Bud RN BCS ™ 02"

second trace being nonparallel to the first trace.
i 54. The die of claim 53, wherein the second trace is coplanar with the first trace.

55. The die of claim 53, wherein the first trace is linearly aligned with the

second contact and the first contact.

56. The die of claim 53, wherein the first trace is linearly aligned with the first
contact and the first bond pad.

57. The die of any one of claims 53 - 56, wherein the first trace is enlongate.

58. The die of any one of claims 53-57, wherein the first trace and the second

trace are not connected.

59. The die of any of claims 52-58, wherein the active area includes 2 memory

device.

60. The die of any of claims 52-59, wherein the substrate has a first edge and a
second edge opposite the first edge;

wherein a first recess is in the first edge;

wherein the first contact in the first recess:

wherein a second recess in the second edge; and

wherein the second contact in the second recess.
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61. The die of claim60, wherein the first recess extends froma top
surface of the substrate to a back surface of the substrate. 62. The die
of claim®61l, wherein the first contact extends fromthe top surface of the
substrate to the back surface of the substrate so that electrical
connection to_ the active area can be made fromeither the top surface or
the back surf@beThgdic ofjelaingi6d, phewimihmizst resaseedemistfrem pitopssurfioapbict s

open at the fjrst, edge, so that . el rical] connection to the active area
can be nade f Sr%u'l’ﬁ'éagﬂor O}facgéljg?‘ceé)i%erﬁ Sh?t@ of any of claims 52-63,

wherein the first bond pad includes a plurality of first bond pads on the
substrate, and a plurality of pairs of contacts on the substrate, wherein
a first contagl. bhe dikefphiimsli wheieimethe Ifiystabhgoecktdnds &rofi thettop slirfeebfon wi t h

a second contact of the pajr and_a first bond pad of the plurality of bond
pads. 65. Thet isﬁb%‘fatecﬁoaiﬁﬁlj%q(, SURfAES %{tﬁleFﬁt@trfa}ersgtthgt,cg@@qagcqqrﬁ@taqqgo al i gned

with the firsg, agwarggga@wmggg?é&reﬁ%ggﬁg??Ig%g#a%gB]]; 8 ®acid fagge of claim

65, wherein the second bond pa 0 e first ond pad in a
second direction that is different than the first direction. 67. The die of
claim66, wherein the plurality of pairs of contacts include edge contacts.

68. The die of>-cfbf Heet clanélerhereinethp figitapitagt 1o popastitee Bist edgrsadhal i ncl ude
back contact sy (ﬁgcal-glaﬁ%é#tigggé tlfél:?gh% gr%a cmé fale %rgr% tHle H{'s%leaéey of pairs of

contacts incl ude top €
64. The die of any of claims 52-63, wherein the first bond pad includes a

{ plurality of first bond pads on the substrate, and a plurality of pairs of contacts
on the substrate, wherein a first contact of the pairs is linearly aligned in a first
direction with a second contact of the pair and a first bond pad of the plurality of

bond pads.

65. The die of claim 64, wherein the first trace is linearly aligned with the first
bond pad and the first edge contact.

66. The die of claim 65, wherein the second bond pad is offset from the first

bond pad in a second direction that is different than the first direction.

67. The die of claim 66, wherein the plurality of pairs of contacts include edge

contacts.

68. The die of claim 67, wherein the plurality of pairs of contacts include back

contacts.

69. The die of claim 68, wherein the plurality of pairs of contacts include top

contacts.
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