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 associ ated

sof tware applications cont 'WAFEROLEVEL PACRAGINGYOry and processing
power from chi p packages. However, electronic devices that use 15 such

chi p packages have continued to shrink. Thus, the demand for integrated
circuit ?fackages having a high 1833 i‘pe 0smal | er package has al so

i ncrease VWiile it is deswat#e—t-gﬂ‘éé@rﬂﬁ—rh new die that nmeets all of
t he needs of them&pi@@én,tmv%htfdhr@la&e%@Efeﬁﬁyelﬁﬁéka%mgft&ﬁﬁithsﬁadar ready for
mar ket. Thus, dies or chips are connected toget ., Stacked, to

achi eve the suu@meédmmwgﬂaalmhepw@mmennme@wpa@fmmmasan al evel
packaging is g gvi et these demands. However, nost wafer |evel
packagi ng pr@eg CEPHAY not had industrial success as such processes

require a significant anount m&kﬁﬁ;ﬂrofttﬁglﬁwnﬁgnf ol l oned by etching or

| aser drilling processes to create throug oles in the wafer |evel
package. 19unmmar y Waferlgeel prekaging pievidss rrempletsslastronin devies paskigset udes

met hods for a (o1¥fel)] sul ting
structures %%%ggela;féﬂ chaﬁ%@gf#age ré?ﬁ%ﬂﬂ%r%ltﬁﬂf J@"%ﬁs of a
substrat e. Wiana.mhemhklemlhﬁahmpﬁﬁ”ﬁepihk@geglﬁlwtmﬁxc@lewhedﬁﬂ are fornmed. In

an enbodi nent, the rrgwhod i.ncl.udes sawing into a fabricatjion side of a
substrate aRtosalsg FTFGP@CBE%?@B‘%“"G@ sraand mere memor 81 hat t he sawi ng

on 30, the 1 3Ricky Shves hof: R BL00BRCIRINAGKS biReAIBISspach other to

formthe via. aW|ng|n etvvo sides o
subst r at asechathig mkageehamlconUnuoﬂh@s}hmkgﬂhus:ihetdemmdlﬁsuntagmtedI n an
enbodi nent, {he su

each cont ai ARy P%?St : ‘[Wé’Eﬁ ?: &%it?frlq-%gr%%lm B&ﬁ‘lég"g@% aftolnditated Y O 1€
While it is desirable to design a new die that meets all of the needs of the market,
such a design may not be feasible or ready for market. Thus, dies or chips are
connected together, e.g., stacked, to achieve the desired density and electronic

20 capacity. Wafer level packaging is used to meet these demands. However, most
wafer level packaging processes have not had industrial success as such
processes require a significant amount of wafer thinning followed by etching or
laser drilling processes to create through holes in the wafer level package.

Summary of the Invention |

25 The present invention includes methods for creating a through viain a
substrate and the resulting structures. Trenches are mechanically formed in the
two sides of a substrate, Where the trenches cross through vias or holes are
formed. In an embodiment, the method includes sawing into a fabrication side
of a substrate and sawing into a backside of the substrate so that the sawing on

30 the fabrication side and sawing on the backside cross each other to form the via.
The depths of the sawing into the two sides of the substrate are at least equal to
the height of the substrate. In an embodiment, the substrate is a wafer that

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



| circuits, in various enbodi nents, formmenory devices, logic circuits
and/or processor circuits. In an enbodi nent, the nethod of the present

i nvention includes formng trenches on a first side of the substrate and
form ng trenches on a second side of 5 the substrate to formthe through
vias at theCiFrpiissinaanipusendpdinteats fosmanearory Bom¢Hs1geir sistuigandeechani cal | y
formng the l’gorcgrggrheﬁscmtgn an enbodi nent, the trenches on one side are

or t hogonal PEerRE $i%€hthes on the other side. In an enbodi ment, trenches
on a fabricati onlssirdgntlinidhe thdiasthb@bethépRsdn®investionindlates fefnfifgt s 1 n an
enbodi ment, the trenches forned on the back or non-active side of 10 the
substrat e atrenches ercalfisesideofihe subsatate endformmgdugnelice dn g iseaond side of hus, t he

i nt ti t t h t hat f .the th h vi [ th
troets. S THE Srsmeliop i B Hemieh ins st R PSeap et Beekpined byt he i di hs
of the trenp&%ﬁngh@_maeéﬂmg&aﬁi@ﬁlyﬁhﬂiﬁﬁ%ﬁéﬂ&e&umﬁﬁ&mﬂaﬁ,médt hs of the

trenches are detérmined by the widths of the nechanical cutter used to
create the wesgheson ore sidecme orthofhesl 16the inendhghow thavtiensieda aa conduct or

material to forma contact or.comuni.cation .line fromthe top side of

t he substra?lgg?%}"ﬁtegﬁé?gﬁs%%@.ﬁn‘ff’ﬂoﬁﬁlﬁgﬂ%@ﬁﬁ?}’éh&?aﬁ 8 $¥re forned in
the back si gifeets G0 GH eRbodihkthE Gehdes forRbLor BB BE dhohQctivd WdLanduct or
material in the through vias. Methods and structures of the present

i nvent i R f thetshlestratereé frdmed bene@d theudieseor intbgrated nicdwats. Thus;it i n t he back
si de of the.subst.rat nd how back,, side.trenches relate to the die
conponent s. Lq%q{s%ho%ﬁ@ Faiqpes tﬁ%g"fﬂhﬁﬁg}m‘{ﬁi Vl?ﬁé%ﬂ%s“%%ﬁ' in the back
si de of theTRYBRAdnGbEs &¥tBe AFtIRh viad aRfdeteBfifred B?fhetvhﬂths BffHe@len@fes bond pads
on the dies. In an enbodi nent, the nunber of trenches forned in the back

si de of t hefarmisd on gech sidecof thprabstrate. Hietwidthe oftherrenches arp deigrmeBehads. The

bond pads aje,cqnngct to one throu ' t LS _Reosi.tian adj acent

t he respectila ethcd‘lllg&s?fg‘g&cc@%cﬁie% t%{ﬁ%d%%ﬁtﬁﬁtg%sreip idrep 'gﬁb vias. In
an enbodi nembught g ihéladeebeoatectdrahiatith] Soforfiatcohtayor dbmfifiRkeonrhi ch si des
of the die _they extend to and thus, adjacent bond pads are connected to

conduct or s ipe omtbegn side o ths qulpsypisds the bapkiede. Jn ap smbedianent.n an
enbodi ment, .S0If% Lk 3GERd A fe back side trenches, which contacts are connected 10

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.



30 parallel to trenches in the back side of the substrate. In an

enbodi nent, sone of 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
waf er includes providing a substrate with at |east one integrated
circuit, form ng‘gnanfembgdmtenbthﬁhnﬂhpdtqf@rqab@g s viddhrongh awafeuipsludest e, and

formng a second tr.ench in.the ha side of the substrate so that the
second trench cripgy lélgtaﬁ_lelgﬁ‘triar s"fqgﬁiiﬁf?&ont%mf%?tﬁagm%&’_W&ggan&@ a. In an
enbodi ment , tréhck @it Edp0didd &F thdsuBkth426l ahd‘fcﬁﬂﬁxgta%é&ﬂhrchbl@inttﬁ‘e gackend fromthe
top side to the back side. This fornms an edge contact and provides a

connect i on $idooh thtsubstaaie pa that thasecputbtrerich crosses thesfirstdrench v farmant act on

t he back_.side of the substr,ate. | n an,enbodi nt, ond .pads are on the
substratd e e it Rty o Safi IR M MERbRRRE D (e
conduct or.  &iler@Trok? RGP HERthe btk BRIEK THis $#6mfiQRledsd cdnfact #iamed at one end
of the second trench and connected to the conducfor. In an enbodi nent,

back side cpmvides scamectionfrosuthafabrigaticn séiedh{ e subsiratestole contdet onr ench. I n an
enbodi nent,  the et h further Jnclude backari ndi ng the ck side of

the substratth«‘-fltt]’gcgic sﬂ‘ifaci %sélﬁjﬁtﬁag?( fgiaﬂﬁmsg%g:ﬁ?r%&a%mg%ﬁl?eaw %afeo t he back
si de cont acfabridatioASideNPREIbERIPadPire Lo eBE@ &ERE con@wBE.i @RAnPr Ovi des a net hod
for stacking integrated circuit devices. The nethod includes providing a

first sdBstembastimemcd bagk sige gophas isfoimed ayfong endsef thewesendtranch gid cui t

devi ces separ d street formng first. trenches in.the.streets on a
top side of&}nﬁé&ﬂ t%lee éoﬁglgﬁt?fat]%?n gﬁ%ﬁ%ﬁaﬁﬁ S'éjgf%rﬂﬁa‘ct g ﬁ?{ﬂ“&g atE)n t he
backsi de of edchend ofthé badkizdetitnch. SR ah BAbodifients B AhodOnuithaitdnaes and fir st
trenches intersect to formthrough vias fromthe top side to the

backsi de of backgritdingsthe bagksidepf the substeate sorthm thehapk side isesseptislbd f ur t her
i ncl udes i ' into the through vias to formcontacts on
R S )

the top sidean connecting the conductor to at |east one
of the gburalityAnbmbedisient dftiieqgesahtanvention piolviddew ireeimd fdk steeRimgd

substrate, which jncludes a urality of 25 second_ i ndividual integrated
circuit devﬁnﬁe@?t%‘ie‘p’;'&l"ég%‘ﬂcﬁy ¢ methed Includes proMidingAfinslSubstiate £ r st

oLt Gy T R U ) ot ot o ol
devi ces. 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
mtegrated 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



Connected pairs of the connected first integrated circuit devices and
second integrated circuit devices are separated fromthe other pairs of
connected first 30 integrated circuit devices and second integrated
circuit devices. In an enbodinent, the method .includes formng third
trenches i nsdctwd sibstexé & tha the thirt) and fodeth aéndheeint@sond fombtikdughe, form ng
fourth trenches on the backside of the 3 second substrate so that the
third and f%as framitheiep sids to the badkside of Be seopd subsiaigand yRssBIng@om t he t op

si de to the. Baglal b 8L ukiEn SRS B BRLELE ne RIS hORE b itidlge conduct o

into the throug mcontacts on Si de an € backsi de.

I n an enbodin®@mbotintengEhdaethddimt decosfRIRE theRendudfr EPRdsEt e t 0 at

| east one 5 of the plurality of second integrated circuit devices. In an
enbodi medt , ofthepluradity efifeeond nutparated ciscuitierses. Ju ar amhodimentethst one of the
second inte i [ | cas. n | meat he fourth trenches
are |i near.%@grgn%ﬁ%%gifé%ﬁﬁ t%&et%ﬁleattléra‘ge}r??ﬁ85&‘2%%30151”2\1/91%%1&8&%&& the first
and second gdixeh. Bi @Senibodingdnt, gnefdur® iréichéstare heak. NG ankthbddingmhodi ment  of
the present invention is directed to a nmethod of forning a substrate

| evel packate tighcheqend sawestreets ebithe ifirst and seeend; stbsiratesiaze alignerbprioritic| udes
provi di ng adiy rst substrate including a plurality of first dies separated
by streets, YRe first dies includi ng bond pads on an active side of the

substratie and tARe@bodieBneftiRtrésentilenlionis deeted tof Dmemhb@of i r st trenches
in the streets_on a top 15 side of the first substrate, form ng second

trenches onformmgagursivatrdeyl packags ofitwp integrpfed gisguyt dswicess ghheimathadecond

trenches an ' . ' . I‘BFEﬂE; : ' mthe top

side to the%@géﬁa‘tg&gg%ﬁ% #&ﬁ{eﬁﬁuﬁ%ﬁ) %{’e, n@@#ﬁ%ﬂ%ﬁ%‘j sygonduct or

i nto the t hsteeghthe fiss dies ifchudingtbmnd padsonan attive: sideofthedmbstmk dnide backsi de.

‘"The first substrate is conpecteq to a sjg‘gond suhstrate- In an enbodi nent,
B%qdr

the 20 firsiacgheenneeedie By formng RstErpoRsrdn derslreets A aPPenbodi nent
the firsk e ofvREARfsbMPRL BinfiRy MondTrénkRls hTROBRIAke SAROSAL Ner . The
met hod further includes connecting the conductor to at [east one of the
bond pads usibsigate sethefthe breond menebes and firsh frembbonhteremot to formethsmigbnd
substrate includes, a pluraljt f.second individual,. integrated circuit
vt cee. sepieiton toBeid be baksiR S RE G Fse Prinished T

conductor into the through vias to form contacts on the top side and the backside.

The first substrate is connected to 2 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

4



25 an enbodi nent, 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 fromthe other pairs of
connect ed feircwit dévitesge atitkebacksideoftond ef the disst andl secentintegrated cguidt ed circuit

devices. In an emhodi nent, the nmethod of, the prese 3Q i nvention
i ncl udes eﬁ&ﬁ’ﬁ%ﬁﬂﬁ?‘i PRy Zﬁ"f}éri'ﬂeiﬂm'?_%w&? A ‘%’gs‘g?? ° FHPSEYPLATeA circuit
device and 3geQnd thadiiRg ]51?4 &, 1EM {mBREhER, thé ﬂoﬁgmﬁmb fRPLng ¢ he

contacts to the pafr of the connected first intedrated circuit device
and second secund gntegretid diroiitrdevicts atevirmected ® mbvitdeonackisitiba of one of the

first an econd infegrated circuit evices of the pair. ,Thus, the
active dgvﬁ’E@”qeﬁfﬁ'el‘%3&?%&"@%&’6‘#{%&?%5?3%&55&%‘@@ _Sé‘iﬁ?ﬁﬂect ed toget her
and al i gneqntﬁérﬂteﬂ@ir@lﬂp&kqﬁd@?%mﬁﬂ%@te@%gpiﬁgéorﬁﬁuﬁigﬁicfdHe?&eeﬁ% _second

integrated citcuit devices are connected to provide communication 5
bet ween t halediess. desn einhodimertyitteechondurtors irhtbe thraughsviafoftlesefandst and second

integrated cjrcuit devices are cqnnected to provide co ni cati on between
the devi cé@ﬁ%%ﬁ%ﬁﬁ%‘?@“ﬁﬁﬁmﬁb‘h %E@V#qfﬁ%& %t ough vias of the
second sulgid#@te are connected to the conductors in the through vias of
the first substrate. 10 Further features and advantages of the present

i nventi th, as wduttherdeattmes arst aduattages obithd prepent atvientomp iis well asthe enbodi nent s
of the pres det ai | . bel QW wi_ th reference

nt, i nventi on e. described, |
to the accc?ﬁﬂ%ﬂ‘ﬁﬁ aﬁg OB?IQ{;\?% S ATIRYSS; eé‘?%oﬁi??(?ﬁ 031“?3&{3%‘}?‘ TREBPRF ngs  Figure 1
shows a subjebdrive® il@dilMeE1w Wit retbrehiot 16 theicEompadying @ivAngs. | S an _
el evational view of a partial wafer during a processing step according
to the present invention. Wt he Figure 2 parti al
waf er taken geneg i . I )y ocessi ng step accordi ng
to the present ?ﬁ@’gﬁf@dﬁ%“é%ﬁe l}f%}n? a%ﬁ% C'?;fh[e?e\'/v of a wafer during
processifg t her @ural dxunchlevgtibmal vie@ of A @aitiabwhfendaingfa frivesyingesant
invention. Figure 5.is a top perspective view of a wafer according to the
t eachi ngs gfcording 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.
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the present invention. Figure 6 is a bottom perspective view of a wafer
according to the teachings of the present invention. 25 Figure 7TAis a
top view of a partial substrate according to a further enbodi ment of the
present invention. Figure 7B is a top view of a partial substrate
according to a further enbodinent of the present invention. Figure 8Ais
a partial top pdrigwedfismepariawicnf ofghdFigue® didh die. 30 Figure 8Bis a

partial top perspectiye view of a Fjigure 7B di Figure.9 is a partial
bot t om per spect isﬁgursill\ﬁ Hparital yjex %éh%#‘gﬁ’?gl%tdbe {ﬁ‘?éap S Pnvention. 5
Figure 10 is a p@ghkab ié’d@éfﬁﬂf\lieﬁx}‘&‘tﬁéﬁgﬁx‘%_l?d@laiﬁtergbﬂzléééinéjstéf.s a partial

view of the Figure 10 die after a procéssing step. Figure 12 is a
partial vi einpoiew of ¢ geeonlinglto dhecfutherembadipreotefshs prgsent #yentionop vi ew of a
di e according ta.the r.t her enbodi nent of th resent invention. 5

Fi gure 1%A is a ’g'bre\}%‘g\)\? %%pgﬁ“éﬂ%&&nﬁﬂﬂ@‘?&; oia‘gF HrA PSS ocessi ng
step. Fi gurgepl3B Is a top view of an enbodinent of a die after a
processing step. Figure 14 is a bottomview of a die according to an
enbodi nent of t héiguré03Pieswptviewnefantembodinenpefiaadid sfitérs moctsamgked assenbl y
of a plurality of dies according to the teachings of the present

I nventi on. %?%ure 16 is perspective view of a wafer stack according to an

enbodi ment of t gk a8 Y bdidUPAEY @Pa di%f%c&iraaﬂg & shldbodiferdt bP®E Sectional
view of a partial wafer stack of the present 1nvention. Figure 17Bis a
cross sd@t i pmssnt invemionaken generally along line 17B-17B of Figure 17A
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 is a cross sectional view taken generally along line 17B-17B
of Figure 17A.
Figure 18 is a perspective view of a singulated die stack of the present
20 invention.
Figure 19 is a plan view of a package according to an embodiment of the
present invention.
Detajled 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 léyer 18

deposited according to the present invention, for example, to form the integrated

6



Figure 18 is a perspective view of a singul ated die stack of the present
20 invention. Figure 19 is a plan view of a package according to an
enbodi ment of the  present invention. Detailed Descripti on 1In the
followi ng detailed description of the invention, reference is made 25 to
t he acconpanyi ng drawi ngs which forma part hereof, and in which is
shown, by weigcuatf(IG) strustureatThe rlﬁmwbm'aid is upddrsioedte madudesemfvicoductdre

i nvention n%é{.be h?er acti ed T gﬂg dfl nents. are described in
suf fi ci ent dﬂ@h th’tff‘lsi 8“5 FPE ISR ST HFacti ce the
i nvention. GXMR orEdlaAs, ’iﬁdi‘in%yHﬁ}ﬁdl@%tﬂé}la&ééﬂﬁthﬁ@@eﬁf&b&%a%dm | ogi cal,

and el ectri cal changes may be made w t hout departing 30 fromthe scope of
t he present thereupon. i Both Walke abdsupstratafnetude ddpesiuad bndoped used  herei n i ncl ude

any strucgture .havi ng an .exposed suyrface onto whi ayer is deposited
accor di né t ﬁ%’dBngéseﬁR“a?‘ﬁ@%eml? u‘:tf’b]?}'eéiﬁ}?ﬁ?‘eedﬁ{yc?aqa@ ¥mthe integrated 6

circui t (I QenSténdRter 6r inddifiod, 8 WIS iPSth&rAbRicoRdutd insdheghwklp | ncl ude

sem conductor wafers. The térmsubstrate is also used to refer to
seni conduct kwovat tount gkidled ingbe anh gThr towe swidngtor @mdderstgod WOhdd@c ot her |ayers

t hat have been fabricate er.eu f and r.ate include
doped and ufftfd @?ﬁ to?e?ﬁdg%ﬁmﬁféﬁuga?méﬁg }I’é’)?ii &@m@g |ﬂ'l Hyers
support ed blés@deaﬁ@anyscem&ﬁwﬁﬁ e n@iterialSreteae®fo as%ﬁndﬂ%{o'rs aphet her

sem conductor structures well known to one skilled in the art. The term

conduct 00 i following datalsd dessriptien indbereiesingidada takon i 2 hmdingisenseer m

conduct i ve BT HE* st e afirt ehith S5 Ehstonl Wik ibspa 800 1 ol fow ng

det ai | ed deslefig Mth@hiemﬂscdﬁaefefi@menmtwﬁlmmmﬁme entitlelj M ting sense,
and the scope of _the present invention is defined only b the appended
clains, along W BHPIESaEt de5Fmption SEPIqys agymberfopyandion wh Wﬁl figtich cl ai ns

oo FrEL s RS oL e RN 01 1o
figure rdnbtee nambeisiaphear. Accordingly, like or similar elements will have the same
least significant digits. For example, the substrate, wafer, or base layer is
designated by the convention X00, where *“X"” is the figure number, e.g., 100,
200, 300, etc.
The present description uses the teyms “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 eircuit. 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 memery device
such as SGRAM (Synchronous Graphics Random Access Memory), SDRAM

7



15 the nunbers appear. Accordingly; like or simlar elenments wll have
the sanme |least significant digits. For exanple, the substrate, wafer, or
base | ayer is designated by the convention X00, where "X" is the figure
nunber, e.g., 100, 200, 300, etc. The present description uses the terns

"top" and "(SgadtirontheDyiiahic Rahdign A2Eess Mehdagy) SSDRAMICandDIRI ch i nt egrat ed
circuits are forned. The teen "top" refers to the surface on which the

| ayers t hatSPRAM @puhteDaeRpte SERAN D @s well xS nchlinkenRambug DRAM®r mred. The
term "back"_r.ef.er .the reaqio f the.substrate_ bepeath the surface on
whi oh act 1 VAR Emprine e @inflosice 5 IR i Bt B ThE Mokl o or 100

that incl udgguns &f tHE @ei1DY, i bn emBodiientCdHie lokic SARAS.ADRA S adj acent die

by saw streets 108. The die 105 each include integrated circuits and
cont act s3t harthgnosludea prosassoni The dierd 0han weembediment] mckide aswtbncon cuit s and

circuits outsi.de t substrate die, The die 105, in_an., enbodi nent,
i ncl udes a r"gﬁl‘tc]ﬁ?aé&iP?'%m"?‘HQf@%ﬁP@mFﬁa&%iWF‘ﬁ%WHH S, lﬁ'gdgﬂ%% ¢ random
access rrermcriﬁeuﬁpﬂﬁ%emér? cRENR! TREBAALIRRNLDS UB Aol BB Yintdgf4ll t 30 incl udes
at | east one of SRAM (Static Random Access Menory) or Flash nenories.

Addi t i onal | gircuith eTloRAW streets H0Sdefme sgmediive arsas ofthersubstrale wihersat theich as
SGRAM ( Synchr ongus .Gr.aphi cs dam. Access Menory), SDRAM 7 ( Synchronous
Dynami ¢ Rantf WX%E@%‘%‘&%@H@@%%(WS and DDR SDRAM (Doubl e Data Rate
SDRAM , 18s vel | @guroyRAc DbdOVieRMR paribRObSirad 8S., Qlvidér, S00RR& Ng Menory
technol ogies as known in the art. The integrated <circuits of the die

105, in an opvdes apwmalitydddien305.oGhendies 20§ unalede iiegrated Sirauits (Botf ur t her

i nclude a processor. e die 105 .in an enbadijyent, include a system on
2ehie wht PROALE s FPate el et R P et B S ruct ur s,
e.g., logi cumsgraﬁgd, aﬁqoﬁﬁdn,@ﬁﬁ%)’et&lA%Uﬁfoﬁ-Zld- BEthe ibsErhie @00, Shedddd do not
contain int eq%late circuits. The saw streets 108 define non-active areas
of the subsdsiimedasihebeck deos ot eontsin integratedsirgiits. Jihe bagk poitioniZ\A dual di es

195 1015 e ARt B B bl BB B, 1 ° T
I nt egr at ed wack uoitio iohides a back surface 211 that comes into contact with substrate
handling equipment (not shown) during fabrication. A saw 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 linear. The width of the mechanical cutter 215 defines the width of the
25 trenches 216. In an embodiment, the mechanical cutter 215 is a saw blade. In an
| embodiment, the saw blade is a circular saw blade that is mounted to a rotational
drive such as an electric motor (not shown). The saw blade along its outer
cutting circumference includes a diamond material. In operation, the mechanical
cutter 215 is aligned with a saw street 208 outside the outer boundary of the
30 substrate 200. The cutter 215 is first brought into contact with the outer
boundary of the substrate 200 at the saw street 208. Mechanical cutter 215 and

the substrate 200 relatively and linearly move such that the cutter forms the
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shown) that are fabricated using techniques known in the art, such as
etching, |I|ithography, deposition, doping, etc. A portion 210 of the
substrate 200, herein defined as the back, does not contain integrated
circuits. The back portion 210 15 acts as base for supporting the active

area that CgaichiNG ih He@FHstaRd [€hd &Hbddiment8e ciR §1 PR statioNar) Bd udes a back
surface 211 that cones into contact with substrate handlihg equi pnent

(not shown) thesnbstrgtef 200 mpavas redative fo thawnttar 2é5t In208mbedientyglte | nt er nedi at e
t he di es 205. anical cutter 215.s align wth the saw street 208
and forns as‘fbéﬁétgggﬂfss %nga%%ﬁpgpﬁ%qrgﬁmvﬁrgﬁ ¥e o e%“&'\ﬁf"%tf‘r eet 208. The
20 recessedrhg @Jff‘ePZ?ﬁLﬁ’pohiﬁoﬁasﬁ'@mﬁ'cﬂﬁ@ﬁmuglﬁ%fo?rs{ﬁ?&e@!lﬁﬂ&iﬂe,ng a kerf in

the substrate 200 al ong the saw streets. renches 216, in an
enbodi mert , bedy efithle subkteaté 200yt Theddp sunfacel2Hsis #RSurfddesf theesabiteate 206, in an

embodi nent, extend from one side of the subsirate 200 to the other side
of the subsf"’?‘ﬁ’{e@ BigVhexqon aphivsipig@ated sieuits age ﬁ*’ﬂ@éﬁd: Heweves theh of t he

cnbodi ment , oG i R aPE Capbish plR el Jorioh HOSTRISINAE i o

embodi nent , nica I'n an  enbodi nent,
t he saw bl adbatiis tlee aittec2lSavhenayeatih@the tieheles D56 dowy hbagt tteowhrbatlat | onal
drive such as an?fl ectric_nptor ; not shown). The saw bl ade along its

outer cutt sfpce Euﬁﬁ’faére@r]ﬁ’e_@meﬁb_ HerLuE 15to0hebasa prtipn 210 Pfﬁhﬁpe_r ation,
the mechgni c@lsragl ﬁrresaﬂt?in'b eﬁ‘éﬂcﬂ&?ég‘%{f)%oieﬁﬁ\%ééug e P8 outside the

outer boundary of the 30 substrate e"cutter s first brought
i nt 0 cont acturfict B21 lrel mirigariosed atthe botionobf thh eehbwhichisesp2@®d at t he saw

street 208. Mechanj cal, cutter 215 apd he, substrate 200 rel atively and

linearly noye¥ H&ﬁ%&l@%@a@m&%‘ﬁm o L1 OB B0 g 13 fOTRe
bstrate. ' ' ' d th

suobstirate %@c}%@'@?@k&%ﬁt haifife ﬁ%&%&fs o?ﬁéﬂ%ﬁfe%bpﬂﬁﬁoa“ €

substrate 2 noves relative to t utter n an di nrent, the
substrat e 2efbodimehiatheantery?1a futmisiie toanchesito 8¢ halfvieshickhest bftbet o t he

substrate. he ¢ ey 215.i g, positioned so that it cuts through a top
surface 1%215%96&%@ @WO@W@E@%&?@B ¢ rqifaes @&Lg‘ﬁfr“_f"gte 221 is
the surface yffds RanRIRRE 6AHLE siddfate YOS iR eﬁi%gdl“fﬁ}%f,%féﬂmﬁﬁ{g'p\f&ewt egrated

circuits are fabricated. However, the cutter 215 does not cut conpletely
t hr ough t he dessgbeddesrein arepereddor aapleokthp saw strests. Imamembadimentetheut t er 215

when creati ngt 08 oLl 8 IENERed edeid R epddi £5H Sut} RS B2SK 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
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surface 211. In an enbodi nent, the cutter cuts into the base portion 210
of the 10 substrate. This results in the trenches 216 being open at the
substrate top surface 221 and being closed at the bottom of the trench,
which is spaced upwardly fromthe substrate back surface 211.

Accor di ngl ywafeher substtage orPdhich antegrated discult iayashesfobiéd frd thiteudpoltal f t he

t hi ckness of the substr%})e 200. I.n an .enbodiment, the cutter 215 forns
the trenchebe@ENAAET i dpes 1k CoHRIR Refve dntpRrated, pirci! copepents 00, I n an

embodi ment ’?&c?%eﬁ&ﬂ s ol asgg)gﬂﬁltﬁmcﬁcﬁ%ggﬂﬁl? sﬁl{%fr?t?%ﬁb.cu 'acf(hi rds the

t hi ckness o he substrate n an e di nmen I Nng process

descri bed heéehi326 & dvepaalfabe hivknegohthe bulishi@te SO The Bk SrendhB28n
enbodi ment, the cutting process described herein is repeated for only

t hose saw sisiessthanabentiniithe thickegsslof the nbstssie 300. (la@niembodimenhthe ar e

paral l el . | ' ' g re transverse to
t he sane di Eaeckﬁ%%he?a%\%gg@gé esﬁ’grgé‘? eta\ﬁigﬁrpﬁsigtﬁgéusos@g%g 'e@ 316 are not
cut. Fi gur eedb&died, aplatiisy dffack S8Rh&f 16 ard fofrhdiienpitp e sdtiveareal t he

Figure 2 substrate 200. A nechanical cutter 315 i s positioned adjacent
t he nonacti9@3dlga%tM@Cbﬁéwhpbﬁﬁ%%C‘Bma@gﬁteatmgﬂﬂgb‘a@RﬂPde 311 of the

substrate 300. ., n . diment .. th ate 200 s fli d after
the top treﬁﬁrﬁggs G%S%Eégﬁh@gawlﬁma ti#;%ﬁ%aﬁipn sgﬁgegc&sgsﬁ%:t e 300 is
in the Sanead thebickitiedthed 326 bR thah§ufse tleack bidet. Natkg cAdodiaegt, tHee nmechani cal

cutter 315 is positioned beneath the substrate. The nechanical cutter
315 i ncl udedirectignssefithe Eensben Hermnd 33arg enbegondd Inan enbediment, thechani cal

1 1 P LRI B O B,

300 and first con uter e Ei]ce of the

substrate 3@4h offite BuinteRibodikient, dirsctivhs bRHStrerRhes 3dcdndBeeaRhat or kerf 326,
which is shown on the top of Figure 3. The term" back” refers to a back

or base ar e8ba¥f 4adegeanaitiregpectdppichothes orangmbesiment, difpetioasiokthe cui t _
ayers aise LB Rl 308k BPBIdicor rdftr Aahl KAn A5 RaRAyfipes N0t contaln

active integrated circuit conpon ck tren Is at least to
hal f t he thrsheresseach othixe Is abh sinbadimestDdirectitre df dekirentcha3d b 2P 6 s about

hal f the thickness of the substrate 300. The back trench 6 5is |less
t han about ﬁ@@i%?ﬂg&gﬁfﬁ%@%’aﬁ)@fﬂ 1(%3?6%’1‘?%%“3%?“]?8&‘% odi ment, the

trench{es) 326 are formed at a depth that causes themn 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
sbale 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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back trench 326 is about one-third the thickness of the substrate 300. In
an enbodinent, a plurality of back trenches 326 are forned beneath an
active area of a die 205. The back trenches 326 are cut at a different
angle than the top trenches 316. Specifically, the directions of the IC
f abri cat i onpluraliéy ofrbank trenrhes142 6 e®tend unden eadhadignad-dimédieandinterseste tr ansver se

t h oth nbodi th di ti .0of .th h 316 d
326 are ort SBERIe oh ReRREsfTBaR REE UiiS SR A Hen §ithe FE% r enches. 316
and 326 ar ey@{chadmel THUIRHH837 Wefthnica3PRE tntbRectiBACHE (BL fMPfand | N an

enbodi nent, directions of the trenches 316 and 326 are at about 45
degr ees wi t backdé=peles 416 426.c Thobdek trendhies 426, enthe diuserated embodimentons of t he

15 trenches 316, an 26 _are at.an_angle of greater than about 45 degrees
with r egpe‘é’ite”cdd"’éai@i“’&?ﬁ%ﬁ(:?“ diregio oﬁcﬁﬁgﬁd‘gfi‘é’é@%‘ﬁsba&k the trenches
316 and 326 tﬂfb@.u : it h respect
to each ot hg?&h%]?(s(ﬁhgﬁc gg?{sg’g‘%ﬁi}){a oﬁﬁnggygvftﬁgngggécﬁ%?ﬁgﬂtf causes them
t o physi cal foymed Dsthe adw biest408BN I thé ilhieattdgmbodimnent( wsrendhés and

i ntersections 327. These int %rﬁections 327 form 20 through hol es
(aper t ur es) formad methe sy streetsd0Be substrate first, top side 311 to the

substrate secondg; ' QPJEISQ%W ins in a
| arge scale fo?FﬁgP]%cqt%grﬁ#gg.wé. , erf{’ﬁs%”h%fiaml%g,ﬁﬁa pqoﬂaﬁgrﬁ‘?g té) di es 305
remai n donneabeliimefitofdagitesehtinventibn. ofighiatrita S0 mohded a plackity digg 305 310 of

substrate 300. In an enbodjnent, the back trenches 326 are parallel to
some of t hebeund ontwaparlielsidss bysaw diegs JOFR andion heother o pargllfe 4 shows a

substrate 4 ' Oyt i | 0 includes
o ur al § ¢y @1 ) oAl hd Wtk Tg g BRI RO
streets 408y mettmnttal euttingf The badt, nemtiivenievisaposion e€tubsdt8BO®st end in a
second directi.on, general er.pendj c r.to saw streets, 408A. Top
trenches 30@&*@”&3’3”?‘8%@%}“&# ‘5%0&5383 ;n .°d)-“\“?ﬂ‘1fi‘%ﬂ’? of back
trenches;s42Refthes 2 B Rerfd & dbLARAKIROThE £ _tx‘éﬁch%%‘??é 5 #00. Each of

the back trenches 426 extend under a plurality of dies 405 that are
l i nearly al frepebes 526 intemedtat fvdodomethtdugh viad et@ndihg cahpleglyahrobglitk t renches

{Fenches. 180 te S sl A lag e b oo B Bt vine BF Shthghey ' °°

includes bond pads 530. Bond pads 530 are conductive contacts that are

electrically connected to the integrated circuits of die 505. The bond pads 530
20 form connectors to circuits external to the die 505. In an embodiment, the bond
pads 530 are connected to leads in a package (not shown). Bond pads 530 are
formed by metalization of a nonmasked area of the wafer 500. Bond pads 530
are formed inwardly from the edges of die 505, the edges being defined by saw
streets 508B and top trenches 516. The bond pads 530 are formed in a line
25 essentially centered on die. That 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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trenches 426. Through vias 427 are formed at the intersections of the top
and back trenches 416, 426. The back trenches 426, in the illustrated
enbodi ment, 5 extend parallel to the second direction saw streets 408B.
Accordingly, back trenches 426 do not formintersections or through vias

W th any tr 62 Tertrekelics 616 andedb dxrent @nsvanse & da€l bther @kEntiallp t he
Il lustrated enbodi nent, no trenches are forned in the saw streets 408B.

Fi gure 5 shewBensiqulas apehoindn Figpee Giapdungarsest 4§32 to form tisolraygl siesli ng to an
10 enbodi t of . [ ' t&qat Q0 .i
ol ural sty i es 5B Wighl SRl A 003158, 8! B BeEER 2005 ang

on the ot heforinedbpasing 4 alechanlcdbsuttby?2 I5ree BTHEFhdEAAth dfthedparhe@ds nent , the
trenches 516 are top kerfs forned by mechanical cutti n%il The back,

nonact i vé degriElearpegual torthewidihpkthe meehagmel quiter. piechedingnithey cut to form

back trench 6. | di t he e re kerfs
as descri beﬁ%ﬂ%%gﬁnqu&ﬁgﬂf Ig]%ﬁ) % n@?]ee%as%ﬂ%ggﬁ'@%g%gﬁ%hmg&g‘%

i ntersect aso@idfoinPoheldt. tTHeXegRvidthalg 6 W b esWl MGinGaiHabteal, ¥s dbbaough
substrate 500, i.e. fromthe :ygg side to the back side. Each of the dies

505 furt her 204 migreratersh dhelkgphwidiis 41 W B3 60V, pa o crsB@liment, @rratset i ve

contacts thgt rlcally . 0.t.he J rategd, circuits of
di e 505. Thg1 g%(g]tgg@éﬁ%gtego Tﬁgr@’?ﬁﬁgéﬁﬁggfx &r%@%eg??rg’c%h %Geaﬁ ernal to
the di e 1905equahtoie @itttk MBNdop trehdhef OGN cRDEGInREE) i wdhaTitecbed to | eads

in a package (not shown). Bond pads 530 are forned by netalization of a
nonmasked aferrchey are geeatghihen tsopdthes the baglagerwbes. are forned i nwardly from

t he edges of diegl05,74 . bej ' r Su08B and
top trenches 516@%‘%5%%?3@%%gfs%ag%&g‘%%ﬁdo@%ﬁaﬁég\ﬁﬂ% ﬁltec '@ggessent ially
cent er ed onbetiveen thivabp trenchea ™o, bait ipach H30 tweowtepudibs TisSshaaie from t he
two trenches 516 that bqund _the two_ oppqgsite sides of the generally

rect angul ar PEHP / shpypy s 705 1gac 'Bﬁadmgingggdsa?.’@ tb@fmm’ﬁ@aﬂ Wiar dly on
the di e g05yhd aahgtgece:ﬁ%f%écﬁeﬁﬁtsﬁ&ﬁgﬂ@ difhefislors NOWMdirighalid By € S5 are
. Figure 6 shows a bac

not cut or trenche perspective Vview of a
subst r at e . 68@ postipudd dnghe substr8 topandae s 24 U bsdn et dbOet, eutisg padtse 600

el uces o A U GBS il 010 and @

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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626. The trenches 616 and 626 extend transverse to each ot her,
essentially perpendicular as shown in Figure 6, and intersect at 627 to
formthe through vias. The width of the top trenches 216, 316, 416, 516,
in an enbodi nent, are fornmed by using a mechanical cutter 215 or 315.

The width of thehhﬁperﬁlfoﬂﬂﬁéﬁ?ﬁhe &béﬂ%?@ls%ﬁe&ﬂi&%n&rﬂ@d&ﬁcﬁ%ﬁh of the
mechani cal cutter. Accordingly, the nechanical cutter only nmakes a single

pass on t hemsidniai exeept 0208 ba@dkg padi0730501 arva whetat the tthens T3baee kerf. The
kerf width 416W, 516W. in . an ment ab 2 m croneters. The
korf wi dth W%&@Wh’bhgha‘ﬁasaﬁg g‘??fbﬂ?%di@%‘gg{f@%“g?hﬁfﬁ%%ﬁt 200

M cromet er s on {Reohdidh- &Edﬁéﬁ%e HafehaxtlafacEﬁﬁnﬁ’a@@@nﬂ@ﬁoﬂ-%guﬁf 10 equal to

t he wi dt hs of the top trenches. I n an enbodihent of the top .
t r enches Sar enagprighinelude pdymtdee owgadtcrengefpsulhm huldienmcgdohﬁmcs Filhare 7A shows

ot encholaeedal apd Ckpueh e A B driehin lseres Beeel D08 hat aro
partially SPMH%T? ﬁ&eﬁﬁf’ﬁé‘ﬁﬁnﬁ]&iﬁl Hide7650R6 L araRRAdfon] He aljd @,%noare

positioned in a l'1ne along the center o he die 1nits ngi t udi nal
di mensi on. anﬁyﬁgnqg&dmgmsumtéommdawmédmmhdm&su@tthate top surface

721. I n an enbodi ment ndi n ads, 730 are not I d on the back
substrate saﬁ%@a&@ptﬂf‘?@c ﬂtﬁ 3? E‘Bb‘@l“?’@ﬁa @sdﬁcwﬁﬁk@ %? not extend
into thelonopm%ﬁﬂe‘d% Hﬁs%ﬁaxﬁ%ﬁ&b&ﬂn%fmtah%n%ﬁ‘iﬁ%chﬁhﬁzng%?&r&ﬁcdB?ds 730 are

positioned longitudinally fromtop to bottomin the Figure 7A 20
enbodi nent . ldsbe Ibendmhqhmantsdlamgxsqzmﬁahndilmuatmaef romthe sides of the die

705 as defined t t.renches, 7 es. 73 tend. f.ram.t he bondi ng
pads 730 to edgg}é‘}’ifﬁﬂ‘["g" ’?%Emb#’é‘& %‘1 b?w%%ﬁbewgﬁalwml A e forned
by third %ﬁéﬁ%éh@%%P@&%Wexo@ﬁl%oﬁgﬁﬁcé(%l]ﬁﬁfe?ané}%avﬁﬂle formed by
depositing a conductive material in the through vias 727. Accordingly,

edge cont actesp&3 o QBrespanding tiagas A3l h@m&mcéAt@p®ma¢berm1 to the

Thus ar 61 o PR a2 STeTIeRcE e ot s T PrieBe™ o i [ the

substrat e bagbughtidlaGe tHe's@heaR 700 AierexhOwp tlefich Fi6déses/#PackAccor di ngly,
el ectrically communication to the integrated circuits in dies 705 are

made from eterdy I8fhedigire YR embodiments semebrndiads (B arpactgwgitionsht act s 30

732 101 o0 afed)ouktd GNP T2 the 949 7516 BHOErkBSs bichB6Ra fath and bond

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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the substrate top surface 721. 12 In an enbodi nent, the substrate 700 is
coated with a non-conductive material except on the bondi ng pads 730,
the area whereat the traces 731 are formed and the through vias 727. In
an enbodi ment, the traces 731 are formed on top of the non-conductive

mat eri al | afemed ixthepbesctive pbitien bOthecobtidtt Pach &f theédpeicahtaétn8s2ide
pol ym des, organi ¢ encapsul ant, and benzocycl obutenes. The traces 731

and’ t hr ougharg2lgnedwithyeng of Hiehagk sustace Benches:826; The dwr80SHa 2on- conduct i ng
Cerial . The Ladiu e ; £ di
by di ci g ar el EPRaBEREAR: e SRRA; BiE R AP RRUARbA T

substrat e athet®p side enbdrk 6% the did) Jaan embodinidey) the Yaklesigfacé B, Ohidhhe die 705
is 10 performed by nechanically cutting. In an enbodinent, dicing is

per f or med byoespakeantain getixp ciseuiisd gronnd vekildt in gssertigdyiplasandd apy water j et.
Fi gure 7B sh . e ' t. S t e.7 ichis simlar to
t he subst ra?rgg\@%l%\%nﬁ’?‘?%g‘%ﬂgﬁﬁé&%&légggﬂﬁ&@o@ﬂ*g@% e\é\gelB are angled with
respect to editdcesysendifieg tHelbaciesinficd 8 FNe afbubd), e dib8eS Edackdiedlemcr i bed
herein, 15 edge contacts 732 are fornmed in intersections 727. The

i nt er sect i ofseTphodiment, the Hied0g s wofesmpintedie adykersehstrateodn ther e the top
trench 716 %Qc?d?:?éntathgﬁﬁxlﬁberyf% ean‘ests% it rtqu@ S IRGAHEELy Some bond
rone C apac us,

pads 730B are not pbsi arre y “over rench. the trace

731B that coemignts830f therahdorkadftact iSimad i aBgbaM teack. Nathik he bond pads
connects to an edge contact 732 fornmed at 20 the _same back trench as an

edge cont acembubimernenechagk rensh 836 ipus sathet ibpasgesiingotlyngdler aueibond| | ows t he
bstrate 7 f s nb f
bond pads 750 #20, Sfhel BRABIS Mrnfl lonb Bitof BPEIE Bebilhe o i, TTDRT O

each end of edgeeflimalie.t rench at through vias 727. Thus, the m ni num

nunber of back trenches or through vias,727 is half the nu;]ber of bond
pads 25 730. |n Hgwe PHEALOP RefIPechveviry ohapother smhodimeniof tiet end to one

et e 2 50 Sl pRIE RGBT e
a top per sp@hb¢ baml cpintavts 380R arsinetpasitidined 8 tly aboveithbe back trench 826.
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
K edges of the die 805. The traces 831 are paralle] 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 nounparallel to the back trench 826 and connect bond pad 830B to an
edge contact at the other edge of the die. The traces 831B are parallel to each
other. In this embodiment, the number of back trenches 826 is equal to half the
number of bond pads 830. Thus, the number of back trenches 826 that extend
under a single die 805, in an embodiment according to the present invention, is

30 in the range of equal to the number of bond pads 830, 830B to half the number of
bond pads 830, 830B.
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separated froma substrate, such as substrate 700 shown in Figure 7. The
die 805 30 is diced fromthe adjacent dies along both the saw streets in
which a top trench was forned and the saw streets in which a trench was
not forned. Die 805 has a corrugated back surface 811 due to the

plurality of backiggledenbienaltens R iskin L1658 didwdshBonR ki Bighiewe portion
of the substrate. "Each of the edge contacts 832 are aligned with one of

t he back sub#tdne backeperipeetiv@¥bzw. TRen-alitive 8@tnn (barkh surfaceaBobHofdiad0s i s
packaged using .t he ed cont ac 32 that..are accessible from the top,
si de or bacl® _%%B‘“_Eﬁ%5f0fﬁﬁ‘t’§fﬂ@4§1§8?fﬁg?ﬁ92 t%aﬁégﬂ" ! F%{g@gé‘i_l, which 5
does not COfHeprdtemGhveriBof ASddrdialy, te KHCR Wi fhck!Di 1 has'zi[co'n%gﬁééem ially
planar. In an  enbodi ment, the bactk surface 811 is ground to the back of

t he edge Scompeetasced Fdignad with thetack redchel26aceedge tontactgP3Nirkhe t he di e 805
I s packaged.. In_.an enbodi nept, the die, 805 js surface unted to a

further subélﬁﬁgﬁé?TGPWS%UV%P{EM%&?(P?UT@W@Oiﬁ}%{%}ﬂt BRERs e ches 826 i s
at | east eq lighﬁlﬂ r l—ﬁlogg [ - e cont act
is formed i%%ég‘ﬁn ac %ﬁﬁgﬁcﬂ%ﬁcﬂt |sgegﬁg%a?§n§3t0@%grﬁn%ggﬁé 9129 ?ench 826

is cut so tBahowh irpBigeed. diddasinbidiesnwand bnepnhenet alpagith8 8ides éide cont act

832 is for t one end of each back trench 826 at the edge of the the.
Fi gure 813@&%&%%@‘3@%?%@&“5\7” & Bge %5‘1116?9’(& embodi nent of the 15

pr esent lionventiOﬁﬁf@(@ﬁ%@%&&@%ﬁ%ﬁﬂ%%@?%%Qﬁdgo contacts

832. The bond contacts 830B are not positioned rectly above the back
trench 826. trepbddR6 ambpa egionrod tesuBabE adjaren thedtacksida trettab, whicbhonnect t he

bond pads 830B to the contacts 832. e._cont 32..i.s formed at each

end of one ﬁ%ﬁ?&’r‘i‘sgﬁg’fe ﬁ'@m fqné‘ég%g%ﬁ%egf’@ha@&éﬂﬁéﬁglbgr‘?“@_ﬂ‘&?‘?dve to the
edges of theaflihgs F3RGon 1038 régeds PSel PR ¥EMPH cihfle@ Wied ForaRBhsle it Yoy espect to
traces 831 and the back trenches 826. In this enbodinent, a back trench

826 is cut &opshowatn Figupe® skrendhi 103619 areprshibat bas gredospdinteriop serf®80. One edge
cont act 832, e b .bot edges of
B 16%%%@?32&3 @E é@?ﬂaé?i’e y .hcﬁlg“vﬁagﬁwt g b GRS i i Q1 Ba7 €d9

the die 805. e back trench 826 and
connect bondefird b8 3k incuegior dfjithe eubsiratetEdak comecte tRpR ¢ forined ati €. The
Lo 20 SR S ULk porion obd Siebaf ik ad S s SPheharect. bond
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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edge contact at the other edge of the die. The traces 831B are parallel
to each other. In this enbodi nent, the nunber of back trenches 826 is
equal to half the nunber of bond pads 830. Thus, the nunber of back

trenches 8 6 ext end nder a single_die 805, in an.enbodi ment
accor di ng t eﬁ?ég’écrﬁ“ a}tﬁﬁﬁﬁg‘?ﬁ‘wa"? 136 lrr ugtofgic: B‘ﬁl% B2 to the

b . ds 830, 830B.
ny F?gr;ure gggﬂsl@e%a@ﬁg 3 ﬁﬁsemn@étémb%nmmglﬁa d@f%glgig pads 83

ows a t I's simlar tote shown in
Figure 8 ohtactrwidh ﬂmccﬁgqmmmpeotfomebackemtadtbh}@cﬂm weembgliment( back)
surface 911 of die 905 Iu aI of substrate back trenches

926 that ar%@ck emaeds %‘Eé@?’&ﬂﬂjg{‘a@ - i Feembgmentcler di ngly, the
back sur§ %m&%v@%&t&ﬁﬁv@&%%ﬁ)gﬁt%ﬁ%gg%qjia‘!ﬂllalrﬁ&ew Lk the back

trenches 926 are edge contacts I'S representative of one
of the pl ureacbeptforahehhcksomthmlrrl@rm a substrate or wafer during
fabrication. However, for scale of illustration only a single die 905 is

shown in Fi gure Fagura, 2 shovs achackview %L&‘Pﬂloﬁé 280 pkbe sEurde 3R & he si des of

die 905, f drgbove. 10
Figure 10 sfﬁlc:)thws a port% on 1%%%{-&3?19@7911 E%g%%?\% dﬂqﬁgﬂrlﬁz?baﬁﬁ side trench
1026 and a poetprol246findlindes bothstbstrate reglpmsabattaret dd¢ackratclod sapised r ench, which
regi on not. bee to for ack side trench 1026. It _wll be

r ecogni i@d relafiyg t"ttﬁ‘i’ %m%m?o?ﬁeﬁ E%‘PB"WP%&E ‘Pﬁlug{%“rtm %eBnpl et e die,
for exanpl eogivGindfe edgécomemmml i gach g;m;mﬁ%&%ﬁ Ofe adkeC oSS t hat

has a closed interior Surface defi ne e renoved, e.g., cut,
vol une of tdrmatasut%ﬂnafoanahmessldesiofﬂ&?trmdbn%ed‘hbyaptalmdmhsumeregi on of

SUbst rat o (RIEE PBIF 0980 S sEPrReefre i oot e oed. 0o Back i de
Cr ench 1026ecl BonEAOE RNk~ 1 BRKARnA9 t@%{@rtﬂebi&fbohtﬁ@tsﬁﬁﬂwh 1026

but include enough area to forma side contact. The back surface 1039 of
t he edgés 20nwmEsnelly nb@rf#lstms@emthalsmgﬁtref@@ndmmfm 1242t Adatig.dheeh interior

surf a0 103Gl Mok AP LIS 1550 HAEL AR ] 6 BRILh B\ 0F0 21

further processing: FRcr gde pad 1140 in
t he recesseate tiietash bidc?sﬁrfhdi: thf) iy &katibllpfgkhedigtthe badk coafbisacdo.wi t h a back

surface of the eﬁgge%gﬂtsggﬁs alt%g %wwl onf 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. Inan
embodiment, the contact 1350 is a ball contact. In an embodiment, the ball
contact is a solder ball. In an embodiment, each of the edge contacts 1332 is
connected to a contact 1350. Die 1305 has a plurality of traces that are generally
parallel to each other and perpendicular to the sides of the die. Accordingly, die

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

the number of bond pads and traces in this embodiment.
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an enbodi ment, one contact pad 1140 is fornmed 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 provi des back contacts
that electrically connect to the bond pads (not shown in Figure 11) of

the integrated Eigugdi3B sHonauabp tiveQRéwa6f $firidid dBOs! apedie( NOt shown
in Figure 11). The back contacts 1140 are fornmed by depositing a

conduct or iipcledes peirsegicoantacts 13372 thatsoeidligned with kechixslek aBbpositioned et of t he
bstrate i ked then th o] ctor material .i,s depasifed in the

3ﬁrr;sked pl??’?‘?%ﬁ $"ﬁ°?ﬁ]§‘#?mgh%%fg&mPHﬁ?Eéﬁ?&égBﬂﬂgﬁtgA{%e l:ont act pads

areas at %Bﬁdﬁﬂﬂl%bthx@ﬁgﬂﬁaﬁwéhaﬂfha?i@a%ﬂﬁﬂﬁleﬂ%fhﬁéfi‘ﬁr@ﬂb@gérate back

surface is covered 15 by di el ectric except at the edge Contacts 1132.
The conductcontagtai 333, alhejother pfthe paie phHerintasts 15 conancted ea acetlR21Rtge cont act s

1132 and in,physi electricagl ..contact.with t ed tact to

f or m back 80"%{%8{“@@P@Bﬁaﬁlﬁnﬁﬁf‘%‘}?ﬁa’ﬂmﬁméﬂ O%CEQEI?C%OES%H?C@%&?EQ]‘ ornmed by
third net a'exfcﬁﬂ’dﬁ%ﬁ'aﬁ%&h@ﬂﬂ-redp@ct%‘th@ dimEOdie 1505 and vaNdYREiye materi al
covers the substrate back surface and is then etched away except for the

back cont adhsstrace4831.Angarembodimeht the ramibacés ophtavts dB32arpequal om 1245 of t he
substrate after, a rt.h rfqcessi.n f the substrate portion 1135 as
shown in F%@ﬁ’r@giﬁ(?tj#%é'e%Bgi?t-ﬁ}?ﬁuﬁﬁ%ﬁﬁﬁlf Hﬁ@i‘eso@f“ﬁ g%grlﬁlﬁ’t‘rg regi ons
that aregy aCﬂSB?Qﬂ&ssm tHORhEh S Af Béhd A1 1308 kRle bHRaaLR 2taf SRRNedl 226. The
substrate portion 1245 includes thée trench 1226 with one edge contact

1232 al i gnadbethendseafehleasigneirenche In aretmmbodingemd, daslhack tenthaiveludez40 i s

f di h h . Ah i.sed sub back
Cur face 1289 Cofansrb R eBRf eliearh. ACR RPN SRk 1206 "5na 1 ne

back cont actechlsd4éinied 1s tiej 1803 B@qh tdoRLKthe hinABirg bbr@d gads MIBA he back
contacts 1240 15 into generally planar, relationship to the substrate back
surface 1242. THigure k‘,‘Sl%a%gﬁwa’féﬁﬂﬁbﬁ’%g1&%%@@ﬁmgtt%@etrench 1226

t hat we e T Vi@ : . ' urface that is
essenti E’fl ;}gésfﬁgﬁv@mhtg B tﬁ!?;u@g(l:r%ﬂlgggr}?gg{a gﬂ&ﬂégﬁe [ gaﬁfselgigﬁ’aghoms atop
vi ew of a fextend fiedh the diel3®surfacemrths dig bhck subface. px pheality ofibactat i on. Di e 1305

comnect ¢ neoMredHA B cemFEia Kbt ABIRLS! e i WopobeRhal o roui ts
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 cn at least one back contact 1440, In an
embodiment, contact 1450 is a solder ball. In an embodiment, each back contact
1440 has a contact 1450 thereon.

Figure 15 shows a die stack 1555 that includes a plurality of dies 1505

25 electrically connected together. A die stack 1555 expands the functional
capacity of the dies 1505. In an embodiment, each of the dies 1505 include
memory devices. Thus, the die stack 1555 expands the memory capacity over a
single die 1505. The contacts 1550 connect an upper die’s substrate active
surface contacts (not shown, but designated above as X32, where X is the figure

30 number) to a lower dies non-active circuit side contacts 1540. The top most die
1505 as shown in Figure 15 has its non-active, back substrate surface contacts

1540 free from other contacts. These contacts 1540, in an embodiment, are used
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(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 fromthe die top
surface to the die back surface. In an enbodinent, the die 1305 includes

at | east onecomprtiaheldiogtack b535andn ekteinal drnit aedt sH3hl). The &wer ast one of
the edge contacts 1332._In an_ enbodinent, the contact 1350 is a ball

2
contact. | A0S showR refigured f dapys sontasts 8@ fres Som coptagting waher | n an

enbodi nent , 4; &ﬁlﬁ o | cont act
1350. Die ldé(ggﬁﬁégﬁgﬁ%ﬁ%ra ﬁtyt%g#eact% b%%%?ﬂdgﬁn g}?gﬁgwga%éefsgafcmo glpar allel to
each ot her eateghadeir@ér(docshbahn). tThuk ke Sied B3050favinh ¢oslhéts oo edindgl y, die 30
1305 has back trenches (not shown) that only have one edge contact 1332

formed ih diarkgsurfaae aliavetheiasito cormewed tordiageniidices sesh thaidke dig slaghes i s equal

Shove 5 { op e PR B e Satab) RGPk priik F SRRl [ 21 Gos ™

pairs of cané asdkslS583rd the@bnradte 1 30 igRaRedMtE Mjgraidied. N@nand positioned at
opposite edges of the die 1305. One of the pair of contacts is connected

to a bond ghedmmEnd cortaels §#5 Saare peptwllsdopilapseponpestionssibatdiavgmled wi t h t he

Connect ea HyoRer RatBers S stk s Bl ha el st ORART 10 i

t he pai 10 ofoftiggthitkibses Dl eheldiRCS04.3BilAR entbstipivas el bagk comigdte1350t h respect
to the edge of the die 1305_and with respect to the trace 1331. In an
enbodi ment ,conngst figdisstack o a BiAyer afher ship capreckyEMIBN  bot h edges of the

di e 1305. The nlpr‘%g ng L OLUr 3B) is
| ess than the nu e"lr; lﬁhog‘g’%o%gagégg@?o&gg&ps‘? e cé@gg@fgé%&é%e f or med
at bot h endbe bittoat whieasich dint tiieraetivddevice sidn oesdrfade oBthe wagacivback trench

I ncl udes ope contact 1332 at each.end of thge trench. Accordingly, the
nunber of pataech PBFL s’ftB“r?‘Fé‘éfepﬁ“‘Eﬁrég@Wg]qlis léﬁéuafb‘itb $ the nunber

ccor di A 1 R S e o P R T al by of
edge cont acdis 1§0f3fcludes bonding pais ahd taces Kot titercanopct s famdmgipadsthe di e back
U ace, A e Ol PR SO AL S 002 8 RO S e

invention. In an embodiment, the top portions of edge contacts on one of the

wafers 1600 include connectors (not shown) that provide a direct connect to the
20  top portions of the edge contacts on the other wafer 1600. Accordingly, each die

1605 of one wafer is electrically and physically connected to one die of the other

wafer. Each wafer 1600 includes a plurality of through vias that are filled with a

conductive material, thus the integrated circuits of each die 1605 is electrically

accessible through the conductive matenal 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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contact 1432 is connected to one back contact 1440. Thus, the die 1405

I ncl udes 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 enbodinent, a contact 1450 is positioned on at |east

one back contact 14 contact 1450 is a solder ball.
In an embodi ment X "aﬁgﬁfﬁﬁa%‘ﬂzeééﬁ“?gtdt Wrgﬁgllfoﬁc thcﬂf?ﬁeﬁ'c‘fw%'@tﬁ‘t her eon.
Fi gure 15 shomectahslive wiGH60GH eth dtﬁe?htefb%asﬁmmn%chewsm indi €s 1505

25 electrically connected toget di e stack 1555 expands the
functi onal ﬂmaspaﬁetyxaaiplq,ﬂwwaf@sIQ@bandthndmoembdvafamrpcemmhtedf t he dies

1505 i ncl ud t%/? Bﬁg 8 us, the die stack 1555 expands the nenory
capacity oV a%-’“‘%‘i Qcéx’ S The contacts 1550 connect an upper

die's sulgstrate BLidenthodibnt, at:ﬁas%ﬂéapﬁt@wamtts@d?Mb e@t@ar&sa%kgnat ed above
as X32, where X is the figure 30 nunber) to a | ower dies non-active

circuit siderinding tecfugher3hig theMafertagpording to thie eeactig@o i dlse prh:mm in Figure 15

Cont act s, THRERSRD Tt RS ShBHE R o b meferial e Y55y Connoct

the di e stagigs sPbRKkcOntAAs %&f fdhe @érdched 1626 BPbe 2t BRUALK surbRe bOMEr noSt

di e 1505 shown in Figure 15 has its contacts 1550 free from contacti ng
anot her di et lezpsne wafenH0niibies, therwafen 1608 candismeinted in #S@ovonnect t he

- wafer stack tolat ﬁ;ﬂternal circuit (not shown). Thus, the dies 1505

havi ng cont Jepye 8% € top and 5 back surface all ow the dies to connected

to adjacent di eshfaiCdinbiodisent, e sticked iraicdonnebied WS 160(04re binkelatedat is
essentially equal to the profl |l e of the dies constituting the stack 1555

fand t he conePhgéiced sushthat the intoraenngeted, foping.dips regpiagoineditogher. s di nent
contacts 15%% ﬁzﬁ%dﬁﬁ%ﬂt%icﬁ%cﬁ@ L RD IS, o%@ﬁﬁff}dng &%Eel grEfa\(faﬁéfl ow

profile, i. 'S provides & sna
essenti al | yThdstextsmm cifRuivfs cohsectedite hiessindividut! wnite atthe 8dgkalhtacts tn an
enbodi ment, the back cqontacts 1550  connect the die st ck to a BGA or

other chi’p @fmBediment, Jaenerbodiment, the ercmpl R iRSonRec 580, the top

waf er bei ng;ddaMakd afitd £hRtbaMEcdntictst he bottom waf er such that the active
device side or surface of the wafers 1600 face each other. Thus, the

active device r eBiguresl74f shawe s crbp$ctiénabgattialvit e of substrate stack that

has two substrates 1700. The cross-section is taken generally along vertically-
aligned, back side trenches 1726 of the two stacked substraie 17G0. 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 intersecticns 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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15 1600 face each other. While not shown in Figure 16 for reasons of
clarity, each die 1605 includes bonding pads and traces that

i nt erconnect the bonding pads to edge contacts forned in through vias
according to the teachings of the present invention. In an enbodi nent,

the t | . . f Q.includ
connect o o (eaiHly Bl ¥SnE BIATI oVl Fhydndf call@ 1 F4E Gl "C 0
portions of 174bat Asigsctice sidecs hotonhdeed) virdeallvalighedld0. 70ApRATdE ngl y, each

die 1605 of one wafer is electrically and physically connected to one
di e of the ©nARStionyferexternatgiEonityfnatshorgdo i ncl udes a plurality of through

vias that are fig. ' i er.i al u I nt egrated
circuits of eachf_h%‘ﬁ g.l’i%ggma?ssa %ﬁ%lgs#ﬁoé%]lep% avé%%ggfugf Eﬁ? Hbgugh t he
conducti ye geabRlly along lind (7B-17B efBiBu¢i1ZA. The liaP 128-19BlestralgNt , the trough
via connections forma portion of the edge contact. In an enbodi nent,

back cont acfobowsadivs sirpuibsidgiegnehes 131 @ ofkntinsubsisetes, whichdreachse 17Hont act s.

Thus, the b {fa at | east one of the wafers 1600 is adapted to
connect ed t%gg%rﬁg%(l e&%é%‘ci rcuit. Accordingly, the present invention

provi des cont actigurang sk edie staeiSthhtdnéliddes tive diet 1309 t@bark BRckedas f or med
according to the 30 present invention such that external connections are

made t hr ougP side thigpisided dhatgs, the active areaspfgheiwordivargasiesent a®00. 18 1t wil |

b . A : y s e ‘
conneat Pneupbe ol e G ot Wl SRt ekl RBAR ' ARERR, 00 e o
skill in tfoemat an ethbodimxaniThas, tHeltop diafl180% is udVa didfesbnt Hihswitesr on each

waf er, are co nq%gég_‘g by an ani sotropic _condugetive film 5 In an
tembodi ment , Wafer bafiemdie 180a. At the 1ainpd walsrsarp fised Whepasatpack

gri ndi ng itogliiﬂérofﬁr%é lsr(%?l florh Rgjadiat ?dhirg%‘i‘ﬁi%&.d*rﬂgﬂa}&x REsUSRELL BESeAT the

pr esent nventi on. S causes contacts fornmed by condutTtive
mat eri al i nbetweentthe diag) h805\dnd arezepdrated whemthe ¢dised dicsarelsdparatdddram enches

1620 Lo 8o B phBaRRck BH VAT oL SRR el She 0SS U
enbodi ment , it Riks SR8 mMaRANSHE Btbrovnh&dtion boRRemih twh,jobdldiRd Or
di ced such that the interconnected, facing dies remain joéined togther.
Thus, 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 dévices. In an embodiment, the integrated

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

area is a system on a chip device that includes logic functions and memory
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t he individual units each include two dies, one die fromeach of the two
wafers. The external circuit is connected to these individual units at
the edge contacts in 15 an enbodinment. In an enbodi nent, the external
circuit is connected to these individual units at the back contacts.
Figure 17A a - ] : | | .stack that
has two subg{ﬁ?eg@gé Tﬁ%%&%&tﬁtﬁ%ﬁ%@%@é&a&%@é %%%Irﬁtés/d @g&xg%m%ﬁ%iag ft";ﬁ/ 1r§| ong

verti cal | y- a fitst dinection befokm stelches oekeelh e Thd iiGactifve tdpfons Wthgt acked substrate
1700. Each 2Q substrate 1700 includes at |l east two die 1705. The two die
of the top bslete.geacrally benexh thejinfagated pireuits oy digs arg Pagtishly eWdo di e of the

bott om subs t . r ClL1 I rcuit side
of the di esf‘or{@d](é.n a%g%d%%’n %6%%%&%%8?%@{@%1%@?{’% |ébie{1'?%ﬁ%§f?gned W th
bond pads oéuté hethélhen-idnat rdgionp @it iseiaate akauale tb fmbopluaitytife. Traces

1731 extend fromthe bond pads 1730 outwardly to the 25 side of the die
1705. Edge B@htadive side wenchas. cWhere thechetiys sidptmenghesind panagiiesidei ve  si de

trench inter L& ' f substrate.
In the enbodi cn%ﬁ%l&g%?gt\;\qnl#&g%ef |e§§ﬁ§%ﬂ§35€{%&éﬂ% T%g?re n the same

substrate aaspiohiletoRs, wHicH Wierl filfeda¥ith 4 @haRGve matdial preti@esubstrate. The
non-active side trenches cross the active side trenches 1716 at
i nt er sect i ofNLAES gnhoth the eefiks{topdsusBreof thy subsiraia andsthe aparagtivém t he top to
t he back nof Y trate and die. The through holes 1727 are
filled \l;lvioth (‘%ﬁcfuc |\E/6grtﬂr$ast%g§#g' and connect to non-active side contacts
1740. The di es 1NGmefohsidevides atentigshdnfoe asedittos wafee levéBpadledgeiasal |y al i gned
bond pads 1730 .and vertically al,i gined_ traces 1731. Contacts 1740 at
non- acti ve d¢sgabeddergim SuchdgivessdacludrdpiividyaliIC packages gomsttacs1 705 provi de
connections S AR QMahtes B ows a
Cross-secti Béggrﬂgggr ??%SI’ %%%%@l%&gg?ﬁt e 11?38’04[13%6[318%%55?% along line
17B- 17B of Elecioomic sygtéms.ThditiduabIQ pdskdgeBingide ndld havinfgan|indigideait i ve circuit
si de trelrgches 1716 .0 boih substrat.es, ich trenches 1716 are
vertical'Py Bffeghdypicatly fistangylar, o 8 jabsiatg tat contaips FIFEIITY, REIPfREECD wo di e
1805 that apgeutReicts to fe@forMiadBedifc fuffion, fRh ad PRinokPfuntitisacgitve areas of
the two the are adjacent one

functions, and address functions. A semiconductor wafer will typically contain a

repeated pattern of such dies containing the same functionality. The individual
IC package includes struciures of the present invention or is manufactured
20 according to the methods of the present invention. The individual IC package, in
an embodiment, further contains additional circuitry to extend to such complex
devices as a monolithic processor with multiple functionality and/or a processor
and memory module in a single IC package. Individual IC packages typically
include a protective casing (not shown) with leads extending 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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10 another. The two die 1805 are joined together as di scussed above in a
wafer formin an enbodinent. Thus, the top die 1805 is froma different
substrate or wafer than the bottomthe 1805. Then, the joined wafers are
diced to separate pairs of dies 1805 from adjacent pairs of dies. The

t hrough vi asccd@ithg tarie présegniadentibe bywre forired by nrtholiBOfthaptsane separ at ed
when the jojned. dies are separated from 15 the adjacent dies. The vias
1827 are fimueRtign; Rome CHHARIEY thAciHeit GOk Taaids mamary moklcs dsieey t h
conductive ' it L1 401 ned die
1805., The vi aegsr’ kg‘g%ﬁ?l&ﬂlé&ﬂ%&\? W%@%h&&d?@%%n@% %S%Fgloa%ﬁgsrwer defi ne edge
contacts asglibavh-spetifiaASIC) hatluleg ané tiay ifthids dikeykr dheidcHiB05 to
external circuits ﬁ}not shown), 20 Figure 19 shows a top view of a
package §o7modilED ErfdfCyib MRS iy s MOorigh e SYbompREe 8€ R XEt1 970

I ncl udes on [ | t r S | udes back
contacts 19 Oe?écﬁxﬁgﬁg?séeﬁég@gc?}lcagglséhog&%%ﬁpﬁfog, %?%l{%g%? %é@ eiésgg% that seals
t he active eongaitdr parsdnalbdaenassistantyaEniutoriicliReat ndsstrid éantent systen,tahr ough t he
protective case and el ecﬁi cal |y contact the back contacts 1940.

Connect or s s7aft augd qthges.y ¢ QBRI Bduleohas @ yaaety o leadsatendingow t he package
1970 to Confﬁgﬁh‘ofnpaénﬁ)&toﬁflwo %éﬁéfﬁg{éﬁ*%\rm%l&&d &cﬂiﬁg@aladdr ess and data

buses and contro Ircults abricating a wafer |evel
package 18ccomanugjcdtonand centtobdi nent of the present invention includes

fabricating an agtiye area.on a ,substrate. The active area |ncludes

|t eqr at ed ol 1 coPReloTA A rhyBe IR a NG SSKls, dhe ReBARCRPF Lo for m
memory devi gisaind MuRBleaARRsH T8 Bhvicds¥8 sipfoRIiR hefberdIC\dktisesPer f or m | ogi ¢
functions or processor taskS. In an enbodinment, the active area is a

syst em on agenkialy depandimgtuben the dedingd bus wishih end thedesire dior panty. nibwory 20
functions. The saw(i#lreetst I nterne i.g%? t he in%e%&at%glc&cuits are
partial Iy cBFPH MEWT PEEPAP FRETFEHT framAn crisha) sntgple ?tf_s. The
non- actijge ERGInY6S abminded liskiwiprédiGes fHEME] Mblhtyanl ang dtput Sieddtt egr at ed
circuits or dies are partially cut to formnon-active side or back

trenches or liRer fide command bnkpand datadinks gresiopnestedtq leads extending from ¢ he
-acti ' | it f
non-act i ve LESAeR, e gy SIS hSGY fie BRE ol ArbMBLIBAALE Y O

si de 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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trenches intersect there are forned through vias in the substrate. These
through vias provide holes, which when filled with a conductive nateri al
provi de contacts on both the active (top) surface of the substrate and
t he non-active 10 (back) surface of the substrate. Nunerous devices are

adaptable fo se Wt fer V. ackage as,. descrj bed herein. Such
devi ces mcl’ﬂf aclen?)"l({;PHﬁa} ?%%%Eﬁljég 5%5%%& ré’fﬂlé‘?r?’% to as chips,
circuit mdtﬁraﬁdedrtsrmweémwﬁﬁt Ml]%%b&r@rﬁ?roﬁi’ﬁleh&k@?%ﬂa&%@'l& Syst ens.

| ndi vi dual I'C packages I nclude a die having an I ndividua pattern,
typically rectvangigaven, dmmonmﬁyaemas én ahehbelomend, assoctatedowith certairor

I nt egrat ed devi ces rfor ecific, fu I on, such as
menor y funct“?‘??h%mcq B@PEOHGP'GIQE‘F 316 Fl‘sdql Bégescqc%g} B{% andthe

sem condugt %er"iﬁtteﬁﬁce""'ﬂ wililbehd ?ﬁbllabéd%h@&é'oﬂe 8 mbfel oH@i%é ﬁrtﬂ?(Of such
di es containing the sanme funcCtionality. The I ndivi package

i ncl udes st relectromie systdm 41k eeppiaced byt smglcentbgmﬁed omux&nmnlembadmlmed 20
accordi ng t the hods  of _ t he ‘Eresent r%/fgnt ion. The indjvidyal 1C
package, inh jentethe elepiioninBisteabin @ ARPROmRARATE PHRRIEE Pl y 1o

extend to S%gﬁerﬁo;f%ﬂ)&lso@‘é‘ 58] ae&ﬂatmaeiaﬂewfaﬁée}&ﬁmur%th mul tiple

functionality and a proc and nenory no a single IC
package. | ndndudhaahdtﬂe:pmkﬂgtgstomcmmhﬂ igventioe buid dormep modosdihg e casi ng
(not sho tlteh Iead ext ndi n therefrom (not 25 shown) providing
access t tH’ee qs@Eﬁ"E' ?H@S INEHge for unilateral or bilateral

comuni cat i on anaeea&qa%bodlﬁwﬁfbﬁmﬁ%&ﬁ@& yishl'® d Réfiory YehOMECt 0 Lo

t he 'edge contacts, "ball contacts or other contacts as deScribed herein.
Circuit noduhesory systemiincludes ane aroroze iemerythedulesraed e oxexionechntmileth or

i t hout tect nmbi nat tends the 30
Funct | ongl | (GG PRONG: S5 PO SRt RLRRI B ad oREr e, Mfhdos a -

conbi nat i on gafbodMeR® af RRN: 8ASHE heHory déAELsShotudis sfrikifdes MRSrdirt) todhe
conbi nation of dies containing the  sanme functionalit One or nore dies

of circuli rmoeentdniatiompris §abrnuett:dm@9r@1g taémrcﬁengnv@tmnem esent
exampl e of aetafy sfPHte Ay I RSB0 BV SRR e BB o Ver o,
power nodul efemd9 B V8tshh Gl dnCexteiig Sfcem Piis) CRHE SIBmMOTP SysteRs ackBisls a
command signal from the external bus and relays it to the one or more memory
modules on a command link. The memory system provides for data input and
20  data output between the one or more memory modules and external system bus
on data links.

Another specific embodiment of an electronic systern 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 componenfs 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

23



application-specific (ASIC) nodul es, and may include nmultil ayer,
multichip 5 nodules. The circuit nodule is, in an enbodi nent, a
subconponent of a variety of electronic systens, such as a clock, a
television, a cell phone, a personal conputer, personal data assistant,

an aut onobi pRkag¥ SubklsisEle padkagOprobdbing UsitsaBduca the Bhitiingfatioffifle Ot hers. The
circuit nodule has a variety of |eads extending therefromand coupled to

the di es prbswesmige processerangd thegpemppnysireyin| It Wil keorpptesiatasithasiat ke control .
One form of iycuit nod i [ dul The nmenory. nmpdul e

cont ai ns rru?% QBJItée %?FS?CV aﬁ%&gé&n@&”&@n}%@%ﬁ f‘n,erqrf?gﬁ?ﬁfr?ﬁ%qr lBqu C devi ces
general |y dgporedemtgndehfish t he desired bus width and the desire for parity.

The nmenory nodul e accepts a conmand signal froman external controller
(not 15 &hown) oFherbovssrsaEptionnkicsio npmerosiaews ofsubsiratesithgdut and dat a

out put on d _links, The mmand  Link.and.data |inks, are connected to

eads. ext entiiag? PENTORARS of B BREt R Bt 852 BFE T he i os t hat
constitute aawheasd eflavits, Sinplifib@sdAR i NustFRe tHeSrésofd ibettish.r Bait ures of the
present invention or are fornmed according to nmethods of the present

i nventi on. oenpledersewistregyandadies shawniniBigaisd ase shepmndneigreatert nodul es. An

el ectronic n.gener i I terface.that communi cates
i th an el cEPVR R ipAelyortRELE il oR 3Ringl JBheely 1 3L
i nf or matliponstretieard Herhed Bl shiallas posdibdyioddiswanore dies tate folieddreLt roni ¢ system
with some form of control or observation of the results of the

el ectroni c $iAgle SUbSBAE. exanpl es of user interface include the 25 keyboard,
.poi nting device, nonitor or print 4. personal computer; the tuning
‘dial, display or speakers of a ra%;%ltslﬁ% ignition switch, gauges or gas
pedal of an autDmobirhing ofithe thirbeghcdsgbrrapertiees asldescpibed hateinprawdesr currency
di spenser of an glé@e?,e ted teller nmachi reg The user_interface, in an

enmbodi ment , 2 BFoYR PREKASE: ford R PRI _ é@att’& AN EEATATHIRACG i ¢ . Access
ports ang UsRthet & £ARME Sy Bdudthe®) SEAI faBLAze Yk { ThaihidRsiOMof tieangi bl e user
interface conponents previously = exenplified. One or nore of the circuit
modul es i nctherbghaiasroodstanmineg by thedizepf theoneshaweahcutersraseid pofoami on, control
or directi O&e%];nfapgu%% e i st(r)arte.ofﬁalgysE \S:vitfl%saltjws %fade,%l%e width of the blade

making the cut in the substrate top surface determines one dimension (e.g.,

length). The width of a blade making the cut in the substrate back surface

20 determines another dimension (e.g., width). Accordingly, the dimensions of the
via can be made as small as the width of saw blades. In an embodiment, a
dimension of the via is about 0.2mm. The techniques described herein provide a
low cost and an indusltrial 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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interface, or of other information either preprogranmed into, or

otherwi se provided to, the electronic unit. As wll be apparent fromthe
lists of exanples previously given, electronic systemis, in an

enbodi nent, associated with certain mechanical conponents (not shown) in
addi t i onThoinvaeiodicianed isrodul es and the 5 user interface. It wll be
appreci ated that the one or nore circuit nodules in the electronic

systemare replaced by a single integrated circuit in an enbodinment. In
an errbodurr@mmegu—ah@d a}&ﬁtfmﬁrebﬁorﬁﬁaé&eancbﬁlpﬁsﬁgtbcorrponent of a larger
el ectronic stem It will also be appreciated that at |east one of the

menory modul e rmlntgmlnumegat;ﬂpuemhmelgdmg@cpuhualng of mterpe@nngetedent i nventi on or
is formed accor.di t he present invention. A
speciT1c embotHEATES b BRLERRE R TSI A St MRiehorS oy st oam ' The
NMENDry syst enrérebing dRSHiQNAdOST thOEDSHRETY Hriieebié S8n afélfift FENER! dhd
controller. The nenory nodul es each contain one or nore nenory IC

devi ces. |n alienchipggdesrsdsideof thesybstratgta fom marpghan enoyseeand treﬁelr #des
struct ur ﬁ:ﬁstgﬁtﬁﬁflg ba%afnd mlvéﬁregrtlﬁﬁ @%&se’s PRESHTEd (R ht 1ht%rs|fc@tl?(fn's C\@ltlé?%vgs and

according t e’ present I nvention. menory contro pr ovi
cont r ol satdedsi dnerafchd mtwdechasﬂsdorha@ahmghwmrfromﬁwﬂ}r;t ss;cshammcdmrdis an external

system bus., The nmenory system gccepts. a S t he external
bus. and PRIr AT EaHE? Bradbou Brb el s BuRpes Fotineg e dBimnd 1 | nk
The menmfrynchYs HRMoRE 9&@ @l@@m&ﬁ 3’ Aphets tRPihtegPaie ARudas at 104kt BaE isbigfeween the
one or nore nenory dul es and external system bus on data |inks.

Anot her baskside p@t@rtrﬁamedéhlpamt eng eafl eEthe sedopd syrehen the segondpiget er

system The conputer systemincludes a processor and a nenory system
housed in a conputer unit. The conputer systemis but one exanple of an
el ect r on2 cThitama&k&d eholdmnlt, aihsfeitpirenohinp eie firsexide io riechaycllg thenched, andt he

nmenory system as a subco ent. The conputer systemoptionally

cont ai ns MIgEM tfﬁi’i‘P@F‘gg@éec%’gpﬁﬁgﬁ%%@m@%@t%ﬁ%@{f ace conponents incl ude,
but are not limted to a keyboard, a pointing device, a nonitor, a
printer and a bul k storage device. It wll be appreciated that other

conponenB sThermetbéd efirlagsh eihatestmeghahicalynpenching e fipstidaningludés sawingpdens,
devi ce d{he ver (Sar ds, additional storage devices, etc. It

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.
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will further be appreciated that the processor and the nenory system of

the conputer system in an enbodinent, are incorporated on a single die

or |1 C 23 package. Such single package processing units reduce the

conmmuni cation time between the processor and the nenory circuit. It wll

be appr e8i Btegdethdrhof cdinl ko adiereiromencbing ttieefiner idecinslodesaadirtgwbondratfitie syst em

contain gn_ | C packa according to the present invention 5 The above
Piskopsiel e S

descri pt Hfrer ous views of substrates that illustrate
enbodi ments of the present invention. These views are, at tinmes, drawn
to an enlarges, sinplified scale to illustrate the present invention. For

exanpl e, 19-Hdiegegihosd ¢fcltaing 1awhergindeenshiag nte therfirgsids mclades sawivgmhrppghy
greater o@é?!?ﬁ&ﬂeﬁﬁlf hf%knéz‘k'ﬂf’{h%ﬁbsg&tedi e are formed on a single

substrate. e saw 10 streets are tTornmed as snmall as possible to all ow
nore dies to be forned on a single substrate. Conclusion The form ng of

the thro i as, or ertures as describe reipn . proyides. a true wafer
ovel padkoe gl of i hFeRriraneing e thedirids Bl cane Spiite 15
savings hfecdqhieMart MickRéRdetenehf@. smal | package size. The di nensions of
the through vias are determ ned by the size of the nechanical cutters

used to form the partial cuts in the substrate. That is, with a saw

bl ade, th i f I . [ o t.
sur tace o e ofsyt, RAGsRALAle WirEilac bR SSURBIR APl L
maki ng t hethewibsiritet he substrate back surface 20 deterni nes anot her

di nension (e.g., width). Accordingly, the dinensions of the via can be

made as snall as the width of saw bl ades. I n an enbodi mrent, a di nensi on

of the Vig 13 ARRH of LR, w]i@n%iﬁt%@ﬁ‘ihﬁg%%e&ﬁnﬁ%fdg%%e%l&ﬁ}a% ReQyide a |ow

cost and an i1 ndustrial acceptable net to produce through vias conpared
t o convefitst fippingshe afeg aad thenagwingdntp lalbacksidef theesaferrssing thesaw bladspace

savings at ¢ 25 achi exed | packaging: 2 SURSL ALRiAGOL LA  BnPT esent

the via.

14. The method of claim 1, wherein forming the plurality of second trenches includes
forming a plurality of second trenches equal to a number of the bond pads on the

substrate.

15. The method of claim 1, wherein forming the plurality of second trenches includes
forming a plurality of second trenches that is less than a number of the bond pads on the

substrate.
16. The method of claim 1, wherein forming the plurality of second trenches includes

forming N plurality of second trenches that is equal to half a number of the bond pads on

the substrate.
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1. Anintegrated circuit fabrication nethod, conprising: formng an
integrated circuit including a plurality of interconnected active
devices in an active area on a first side of a substrate; trenching the
first side of the substrate to formnore than one first trench; and

t r enchi nij7. &hs ectind ofickiém df whireindotnsing aphiriloy bbsegomdbitenchésanclods second

trench at .east partially beneath t ctjve, ar t hat . crqgsses the first
trench a't“s"lrh?%?’ 5‘5@??8%{ea%’é‘feéwtmh?ﬁﬁ‘ég’ésf rEned %&ﬂlﬁ’n‘ﬂ“ﬁ"‘myé& $&¥lons forns
a throughienéhes. fromthe first side that includes a conductor that

termnates in a bond pad that is postioned equidi stant between first
trenches, the bond pad electrically connects the integrated circuit to at

| east ong | i 3 . fqr . . f the
second 1 s af B of O 17 R AGhin b AORG R in Ry il Sl |
t r enchi ngpninbigs thie behd padieith st lecimeoitied dondhdtemn dhed intairectionher ei n trenchi ng

the second side is nechanically trenched. 3. The nethod of claim 2,
wherein mechanically trenching the first side includes sawing the

substrat & The mbRdBELRAA 19f widréh %s@ﬂin@‘ﬂ%ﬁ&d}t&%‘{\iﬂé%ﬂoﬁg{ Yid@pthgawi ng in
saw streets internediate a plurality of integrated cifcuits in the

subst r at mfergctiqthiorme eheldctotal ehrriention onpath therfirstsidsamni ¢lze segordrsedechi ng t he
second side of the substrate includes sawi ng orthogonally to the first
trench. 6. The nethod of claim2, wherein nmechanically trenching the

second spEEheimettvd of 314bf 110 alkeeréin ChriRS arSiawigh@ed Jiful tasddeaf@midgneat h t he
integrated circuit. 7. The method of claim1l, further conprising filling

the via WNpahtsoldpigagted sircuily ommwatgiinieggedinte 4% pHECHS. furt her conpri sing
connecting the conductor to the integrated circuit. 25 9. The net hod of
claim1l, wherein trenching the first side includes sawi ng about half the
t hi cknes2l.dhe tfethasldf staim 20, Whkreil fermmeg o tegfatal @rcot nclwize fermmg sagnchi ng

into the first .,side jncludes, sawi ng t hr.ough er ,about | f. the

LA oknociesh Tt i s sibfughasio Yo deh iR B0 6 bR he RS ben Bbink 8% enchi ng
i Pt ?ht heﬁ{st fr&dchSh B shW Glreesk &g Mt dirdehisiee- quarters the thickness
(0] e war er.

22. The method of claim 21, wherein trenching the second trench includes forming the

second trench in a backside of the substrate beneath the integrated circuits.

23. The method of claim 22, wherein forming an integrated circuit includes providing a
plurality of bond pads in a prallel line on the first side of the substrate and connecting the

bond pads to conductors in the through vias.

24. The method of claim 23, 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.
25. The method of claim 23, wherein forming an integrated circuit includes positioning

the bond pad directly above the second trench, and wherein connecting the bond pad to

the conductor includes forming a trace, which is
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12. The method of claim1, wherein trenching the first side includes
sawing in saw streets in the substrate. 13. The nethod of claiml1,
wherein trenching the second side of the substrate includes first
flipping the wafer, and then sawing into a backside of the wafer using

t he saw pdraitkd to the s¢doad treinsh, smthengbstuatet he first side and sawi ng on the
second side cross each other to form the via. 14. The method of claiml,
wherein formng the plurality of second trenches includes formng a

pl ural i t ¥6 afhe $REVABIIcAACDESha@6iH Fbrmtifg #n MtbFReEd Qfcult ilRRE dodidsiindn t he
substrate. 15. The nmethod of claim 1, wherein formng the plurality of

second t b@Wdtdsot diedctly ekovertls secong teengh.ngd wheteingonsecimgdhe banddladéo t hat i s
| ess t ha&e%o%%??ncﬂdeg &ﬁnﬁ%&dﬁr&@gﬁhiwists gwtcﬂﬁ@é&{oﬂ&?reﬂéh%n }Qe met hod  of
g plurality

claim1l, wherein formn or secon renches 1 ncl udes

form ng Mbplrateal ity of second trenches that is equal to half a nunber of
the bond pads on the substrate. 26 17. The nethod of claim1, wherein
forming a plurality of second trenches includes inserting a conductor at

each int ey sgethedbdaff cld 1f furthbr donfiiigihgand the plurality of second
trenches. 18. The nethod of claim17, wherein insertipc\? a conduct or
1

i ncl udes f or minpayting 2 eepslactohiatthe theough riastoentend fam thetbpwiirshside to theist one of
t he condbué:cgosresog Si%ehe intersection. 19. The nethod of claim 17, wherein
i nserting > EoNductor in the through via at the intersection forns an

el ectrical copiaphingnhoboddqall ohhig: filkrside; si de and the second side. 20.
The nmethod of claim 19, wherein forming an_integrated circuit includes
forming a pl¢nassting gy bandpad tothe gonduetetiapd on a wafer internediate saw

streets. 21, g aApRsil ook WAt s WRElED f BTl 4iBheaT at ed

circuit inclu rmng saw streets int Irst direction, and wherein
t r enchi nepa ¢fehd secend trenghch i ncl udes fornming the first trench in the saw
streets extending in the first direction. 22. The nethod of claim 21,
wherein trenching the second trench includes formng the second trench

in a backgie nfhdde cRSU! Rh&cildoRdhia bivk siddidgfed iacluddsiatkdriding
the back side of the substrate so that the back side is essentially coplanar to the back side

contact.

29. 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
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23. The nethod of claim 22, wherein formng an integrated circuit

i ncludes providing a plurality of bond pads in a prallel line on the
first side of the substrate and connecting the bond pads to conductors
in the through vias. 24. The nethod of claim 23, wherein formng an

i nt egr at phiratity cfiintegianel dides devicdspgndt he substrate through the through via
such that a part of the conduct (%r remai ns fg&n .each part of the adjacent

P [
die. 25. The MPFRYES sMnested Ryt thgronasatedriistintsgratad qinspit gedsesdndi r cui t

i ncl udes sRQak Iﬂt@%téwciréuh%bi@&dfr&ﬁ%eqjtli&%hﬂré’oPé&ﬁﬂ&tédﬁ?rsﬁﬁfégﬂ%dtdi&ﬂi@h1 and
wherein connecting the bond pad to the conductor includeS formng a

trace, wdédeesiand gopdmadgraied eiceuitidevisescond trench, on the substrate. 26.
The net hod of claim 23, wherein formng an integrated circuit includes
positioning a bond pad not directly above the second trench, and wherein

connect i BQ THendbsib edamt29, whitreingeanddiaf @sedofd butteatefifulidesg a trace, which
is skew to the second. trench, on the substrate. 27. The nethod of claim
1, further cotfsmingthigd renrdigs njthgsteeets oRader side phihe seeopd sehsliaievi a to ext end
fromthe top, fd(rfn'fn?f SflerdcBed Sifthe BQ&Eide%Fﬁlg@choéHgﬁ’és $btha? HeHird he bond
pad on the first |8e; connecting the bond pad to the conductor; and

f orm ng andbfokth sietiches omdrsect to foim dhough iasrfroee thedop ©id¢ vethe bandtside of theat one
end of the s(ﬁc ng_ trench. 28. The nmethod of claim27, wherein formng a
back si d&°€8 %@’é Fncl udes backgrinding the back side of the substrate

so that the baglktish 8eondic®s fedthedhrbigCAR @Fefm Eshtddieordhe kopSfidieandernt act .
29. The nethod of claim1l, wherein formng an integrated circuit includes

forni ng Backsidgraadity of fi rst integrated circuit devices separated by
streets: and faklgt GOMRLAbIA at GThO0r de pHRTHY BF Kobift'RlehRiGlage of two
evi ces by: g a cton

integrated circurt S insertin uctor 1nto the through
vias to toeumdentacts on the first, top side and the second, back side;

31. The method of claim 30, 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.

32. The method of claim 31, wherein forming the fourth trenches includes forming a

plurality of fourth trenches beneath at least one of the second integrated circuit devices.
33. The method of claim 32, wherein the fourth trenches are linear.
34. The method of claim 33, wherein the second trenches are linear,

35. The method of claim 32, wherein connecting the plurality of second
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connecting the conductor to at |east 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 firsinteg@@eptivoud devigeoto thafispplataticy efiifitegrated drviicésiiceaithaiepar at i ng
connected . pairs of the connected first integrated circuit devices and
second i ﬁ‘t‘%@% gt Bt TUOHGYF Bt 0 hiheries fiﬁ%lrstrﬁfaiarlé cepmegtitided fir st

| Nt egr at gehsGiffilftit on HRMIrGSbRA 18 86RNBhds BF BRI GFnE sédohd sudgykces. 30.
The nethod of claim 29, wherein providing a second substrate includes

formng third trenches in the streets on a top side of the second

b  form h he backside:of th d
Subst 2185 T HILORUB SIS BRSSP AORBIFRRS, . 1 cuer

substr at

vias froinddiged cipcust dd@ickParddiecdndaneirdRd efrclihgevices GRNdes sihsltamiossly

i nserti n%, a conductor into the through vial to formcontacts on the top
si de anddtcHe thHsk sybgate apdithe seroae subshate feo pairuRfdiesrthatgregonpesied atone of
the plurgladtyeafveSLag integrated circuit devices. 31. The method of

cl ai m 30, e\/\rh%)r(:eivr? for g(}?'g the third trench includes formng the third
trench to a depth of over half the thickness of the second substrate, and

wher ei i t t h hes i. des forpi he fourth t h
A R R e R R
net hod ofjeGtaitdnh3KirstYNaaRyRf (g tBdcitdift dePitd RclBQabREINdRE thélRetior M ng

a plurality of fourth trenches beneath at | east one of the second

i nt egr at &t srbsgeicend dgiseeond sulgrateThe et hod of clai m 32, wherein the
fourth trenches are linear. 34. The nmethod of claim 33, wherein the
second trenches are linear. 35. The nethod of claim 32, wherein

connect i 38 THeen@het @ dnt Wi ohinse29031 codfrising agnedting tatéscsnhectteMb ties to the
First pltEl Sacl, st comeetng e Sonducior to at Toast one of the bond pads using one of the

fraces.

39. The method of claim 38, wherein providing a second substrate includes connecting
second traces connected to the bond pads on the second substrate, and connecting the
conductor of the second substrate to at least one of the bond pads of the second substrate

using the second traces.

40. The method of claim 39, wherein connecting the plurality of second integrated circuit
devices to the first plurality of integrated circuit devices includes connecting the traces of

the first substrate to traces of the second substrate.
41. The method of claim 39, 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.
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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. 36. The nmet hod of claim35, wherein
separating connected pairs of the connected first integrated circuit
devi ces and second integrated circuit devices i ncl udes simultaneously

dicing t irst.s r.at sec substrate int aj of dies

t hat ar egg fﬂ‘? ]é%JJ%\tfctla“‘t“I"?’é ‘r"B W@g tf?&ﬁ‘%“ og fhe bﬁ‘?gmg%’tnﬁ de%f cl ai m
36, wher @irhigORNAR teided bﬁalmlttrﬁhpet;ﬁv@&aewsm@l sdcBh@abRkrme. Circuit

devices to the first plurality of integrated circuit devices includes

backgrinding the joined first substrate and the second substrate. 38.

The et had Bl 08l 902 8e R BT GlARLSAASGLLAL AFARER.CONnect od

to the conhec |ng et the
bond padfowmltfegclwses@ﬁmtlh@eqtemeelar to3Espedihe offes dfable Birouphaiianodshe Wher ei n
providin ond substrate includes connecting second traces connected
to the bgﬁﬂng§§§uﬁﬁ the second substrate, and connecting the conductor
of the second substrate to at | east one of the bond pads of the second
substrate wusing the second traces. 40. The nethod of claim 39, wherein
connect i Aé tht:emqjhtw@ﬂ dang pf olbinsseA?oand 43nwhyriatfenniog thedourth Weneheswscludest he

first pIurallt i.nt egr,at.ed, cir,cuit es includes connecting the
traces of"*} Vfgqlngﬁ%stta?lgtdé’otféhetsrgg sS“%srﬁTafehe second substrate. 41. The

met hod of cIa|n139 wherein the plurality of second integrated circuit
devices to the first plurality of integrated circuit devices includes
connect i A Tsenybpofsdag %5 further comprisingsubstrate to bond pads of the

second substr Eﬁc%g %&Emﬁ%&)&}%&tﬂé&gnﬁ& e‘afﬁrgtltﬁt%%ég’c RIS aﬁt@@é@oﬂ?l fourth

trenches on t orntng urt trenches para to
r espect i ueedratad escudf devive; adcond substrate 43. The net hod of clalnt39

wherein form ng t rench |nc u t he ourth ,trenches
et 1al 1y Bl i beta o e DanesRaTrlh Elra i Euia e | T re
second syqohd ait@ratédeirclit@leiRE BOHe BAckSIdE oPbnecdfIhdFaird2 and 43, wherein
formng the fourth trenches includes nechanically cutting the backside

of the second substrate.
46. The method of claim 45, wherein connecting includes aligning the active side of the

first substrate to the active side of the second substrate.

47. The method of claim 46, wherein connecting the plurality of second integrated circuit
devices to the first plurality of integrated circuit devices includes connecting bond pads

of the second substrate to bond pads of the first substrate.
48. The method of claim 46, wherein connecting the plurality of second integrated circuit

devices to the first plurality of integrated circuit devices includes connecting traces of the

second substrate to traces of the first substrate.
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45. The nethod of claim 29, further conprising: encapsulating a pair of
the connected first integrated circuit device and second integrated
circuit device; and providing contacts to the pair of the connected first
integrated circuit device and second integrated circuit device at the
backsi de of one of the pair. 46. The nmethod of claim45, wherein

connecti ng .l.ncl ude i.gni.ng, the active sid f the first supstrate to
Che act i 92 TRt orlaE Hoo Hnére s SnestiSe by Pursiy o geenpdiniterdrbs rusic
wherei n genages thadirk paurplity bRldidgyated cik@nadictsthaloaadiBandktingtiet devices to
the first plurality of integrated circuit devices includes connecting
bond pad§ondygetofsHa thedhrpnah xigh st thg second shshafe praerndagtorshp e thiop gl viss of at e.
48. The F%tfnﬁ(%uﬂsf.tra&l. ai m 46, wherein connecting the plurality of second
integrated circulit devices to the first plurality of integrated circuit
devi ces includes connecting traces of the second substrate to traces of

the firs bstrate.. 31 .. The method of clalm46, wherein connecting
the pl ur 571y ko of M o aing B, dherraiaghiogan dReirRisd et
pIuralitMwﬁﬁeé?beﬂh@hﬁﬂmﬁbﬁﬁﬂbkadevices i ncl udes connecting the
conductors in the through vias of the second substrate to conductors in

the through vias of the first substrate. 50. The nethod of any of the

b ovi di g’ o pabry Mt e SRR ARg e BRAbEte Bl i wrel MRS o, i ng

the nethod of any of the preceding clains. 52. An integrated circuit

die, co ising: a substrate having a top surface and a back surface
opposi trere%'h%‘”c raé?ff‘f‘%‘&‘:’g;dle’&?fn&r&?‘? e area on the top surface; an

i nsul ation | ay@ihs@ite hBEn@& tdp/Rrfdld altatie urBRé opeROtheéhrigdls on the
insulation |ayer and electrically connected to "the active area; a first

contact in a #iadive prsaenshorp ewrdlicag from the top surface to the back
surface on a_fi rsl%tiedlgﬁeer%gltﬁehaectixsf g)r%g,rate; a second contact in a second

dn ins (01}
recess extending trom op surface to the back

first and second bond pads on the insulation layer and electrically connected to
the active area;

a first contact in a first recess extending from the top surface to the back surface
on a first edge of the substrate;

a second contact in a second recess extending from the top surface to the back
surface on a second edge of the substrate opposite from the first edge;

a first trace linearly aligned with the first bond pad and the first contact
connecting the first bond pad to the first contact; and

a second trace connecting the second bond pad to the second contact, the second

trace being nonparallel to the first trace.
53. The die of claim 52, wherein the second trace is coplanar with the first trace.

54. The die of claim 52, wherein the first trace is linearly aligned with the second contact

and the first contact.
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surface on a second edge of the substrate opposite fromthe first edge; a
first trace linearly aligned with the first bond pad and the first

contact connecting the first bond pad to the first contact; and a second
trace connecting the second bond pad to the second contact, the second
trace beibAgTiraiipat alyloak of cainise52f34; siheteirathe firdd Gacelibenldhgat@f cl ai m 52,
wherein the second trace is coplanar with the first trace. 54. The die of
claimb52, wherein the first trace is linearly aligned with the second

cont act 5@.“F1‘_16td?@olfdntry$ﬁle ©OAhAGL52- 542 wWhereinthe fitkk §a&f andie L06nPfactlaid MB
52-54, wherein the 56

irst trace is enl ongate. . The die of any one of

cl ai ms 5RoEnedsk ein the first trace and the second trace are not
connected. 57. The die of any of clainms 51-56, wherein the active area
includes a nenory device. 58. The die of claim52, wherein the first
recess exvendsdié smyathinssr-h6cehetdin the@ctivdied ihalubest:omembBdeviser f ace of
the substrate. 59. The die of claim58, wherein the first contact extends
fromthe top surface of the substrate to the back surface of the

substr at t ; ' : ' t:] an be nade
from ei t%g'?ﬂ%ehdgg%%&;&gﬁ%’ gglgllegftﬂtg ﬁgsqtégcﬁ eg%;l ?gg%@%éﬁﬁfﬁagé g?tggof cl ai m 59,
wher ei n shistrierts & badksudlete ofshopbstrae. the first edge so that el ectrical
connection to the active area can be made fromthe first edge. 61. The
die of any of clains 51-60, wherein the first bond pad includes a

pl ural i t $90fhefdi 6t claiRCSBI wihesb @B fikdd Sorfthtd Sk teAdsSror B¢ t8p Rirfic@bf thy of pairs
of contacts on the substrate, wherein a_ first contact of the pairs is

| i near | y sélisirgisdel therfpagk surfase olthe substrag sqihahelgctyend preneston dke ftivehe  pai r
and a fir i . 62. The die of claim
61, v\,hercaé‘?e?\'l c?xﬁ@gﬁﬁ@g{r&%reg@% tlpés%ﬁ’?{rllﬂ(g%ﬁ\élggthael%gggse@ﬁg\nét h the first bond pad
and the first edge contact. 63. The die of claim®62, wherein the second
n_a second direction that

bond pad is_offset fromthe .33 first bond pad i
oG £ ePhnte il e T POEred e st S obpRat F 07 B8 W HIGECTIHor ef
the pl ur b 0P 4chivhrcS OfH BiSihaad Méth URaradAge cont act's.

61. The die of any of claims 51-60, 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 1s linearly aligned in a first direction with a second contact of the

pair and a first bond pad of the plurality of bond pads.

62. The die of claim 61, wherein the first trace is linearly aligned with the first bond pad

and the first edge contact.

63. The die of claim 62, wherein the second bond pad is offset from the
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65. The die of claim64, wherein the plurality of pairs of contacts
I ncl ude back contacts. 66. The die of claim®65, wherein the plurality of
pairs of contacts include top contacts. 34

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

64. The die of claim 63, wherein the plurality of pairs of contacts include edge contacts.

65. The die of claim 64, wherein the plurality of pairs of contacts include back contacts.

66. The die of claim 65, wherein the plurality of pairs of contacts include top contacts.
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