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; mope3eHZE, | (6TZ186C4146160 2002-06-12' 19; 56; 04 (GVI?, page 6 WAFER LEVEL
PACKAG NG 5 Field of the Invention The present invention relates to wafer

[ evel packagi ng techniques and structures. Mdre particularly, the present
invention relates to forming vias in a wafer |evel package. Backgfpund of
the Invention 10 Wafer |evel packaging provides a conplete el ecixonic

devi ce package at the wafer level. This provides a package having a high
density of integrated circuits in a small or ultra-thin profile package.

El ectroni c devices and associ ated software applications continue to denmand
nore nmenory and processing power fr n1ihi ackages. However, electronic
devi ces that use 15 such chﬂBAﬁggk%égg H: FW¥nued to shrink. Thus, the
dermand for integrated circuit packages having a high density in a snaller
package has also increased. Wiile it is iiesirable to design a new die that
meets all &f the needs of the ndigldpfthelnventipnjesi gn may not be feasible or

ready for market. Is i e.g.,
stacked) to achi e\;@g eesmgé@,i%lrj@(glrgiea{r?g?ot‘g{%rgg&gpg%%ég#e%gg%ﬁgéﬁacity. af er
| evel packagistgctusesudirate payticndarly, thh pesend eveamtibm relkiosve\fermingreias ineaf er | evel
packagi ng processes haye not had industrial success as such processes
require a si gHoiFE EXPPMAB Nt of wafer thinning fol l owed by etching or Iaser
drilling processes to create tHrgygihdRotReIndatishe wafer | evel package.
Summary of the Invention 25 The present invention includes methods for
creating a0t hr oughVeferlers] packeging proxidss aermnlete cleetsqmia denige prakegantes. Trenches
are nmechanic i i gcﬂr:%% e the trenches
cross thr ougﬁth%/?&gf&(i)c?gﬁg}h%s&rgﬁ%és%? an%g’?ﬁalvﬁ;gaaﬁne ogfﬁ%ﬁ??&?ﬁ&e met hod

i ncl udes sawi giguitning smallap niteedbinprofil¢ prskage. Elestiori¢ deviessamdtl sawi ng into a
backsi de of t ~ale hat | brication side
and saw ng onggﬁzav%;%bﬁ eelp@l?cglsxé}?sgg}étﬂﬁg?ﬂ#r 8 5%%1%&&%?& The dept hs of
t he sawi ng i nroceksting pover Siothechipopackdpes. shidbedven electeonic deviceethstusequal to the
hei ght of .the suhstrate. Ln an enbqdi nent,.the sybstrate is a wafer that
<l Sem-artp - supti b S SR BB S ok Taise 95 A8 Pk nge 7
circuits, 1In @bt pg&a@b@ﬁhgemgadeﬁsﬁymmwméﬁagc%%alsd iQEessed! rCcul ts

andl or processor circujits. I'n,an enbodi nent, the nmethod of the present

i nvention i ncVhlel i destiphigytordegige mawy gis thet mepts pll of the nesds ohilie mapkstr at e and

formng trenches, atkigh RBFRNBe MalBle Of reddy BEnAMRS AL, Rids@r QML he through

vias at the intersection of the trenches. Form ng includes nmechanically
form ng the teonnectrddogatler. o siasises ipeashieve the desirechdensiy and edastionic de are

or t hogonabat O iGe! RERGNER AflhdiSe B LA o HelShesk Reifha® THOMNEP Hos L T eNCheS 01

a fabricatrion the s orned In saw stre n an
enbodi nent, twafet lews) phakagihp prosetsesrhavdmmt hatindwstrial success as sehsi de of 10 t he

substrate are forned beneath.the die r Lnieqtat cihhcuits. Thus, the
htor sacti onePBTee R S E A R, apor ehieiE iR o Sebliek 1 he saw
streets. The iigi@fBingPLocedsed 1o realetird@ih holsdsn the &vadkeierpadiage by the wi dths of
the trenches formed on each side of the substrate. The wi dths of the

trenches are deternined by t he Sunmancotdhe Invation chani cal cutter used to
create thesrespect s ikitntiddRcludes methods for creating a through via in 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 1o
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
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15 through vias include a conductor material to forma contact or
communi cation line fromthe top side of the substrate to the back side. 1n

an enbodi nent, contacts are forxi~ed in the back side trenches, which
contacts are connected to the conductor material in the through vias.

Met hods and structures of the present invention fiuther include the 20
nunber of trenchgs.formed igc{.lhetb?ck si de gf .t he] substr.at e, and how t he
back side tr eHEHES T K{NoRE epROquREnty M IBeIN SRpEes IPRiC SHeRABHP ent , t he
nunber of tremnetwsoriciéuied in the back side of the substrate are equal to or
| ess than the nunmber of bgnd pads gn the dies. 1n an enbodi nent, the nunber

of trenches fornedniehemhedipgpikths msthod pf the gresens drvertion ingledes faming: o hal f the
nunber of bo T rﬁliﬁ% . gh via that
is positi Oneg@%{ﬁﬁﬁ(@)@%ﬁfu&%ﬁﬁg;&%&?@‘égagéligo_ g%ggﬁggﬁgg%teﬁg ﬁgé(fofgnd pads to
t he t hrough vihekubsirate nfoemiticecthropght yiag di¢hetin@zesioanéthedrendds.so t hat t hey

alternate whigh sides of the di he tend to.and thus | acent bond
pads are connlg%-fné% ’P‘(:S)lu‘ge(? mgﬁcra@y %Oﬁm{%r%%%téﬂwmsaén %e%lﬁlég’g‘?"ggﬁ%i des of the
die. In an enbadhémntone sideeretorthcgmalad thedfdngiret ah thelotHepsitls.claghes i n t he back
side of the substrate. In an enhodi nent me of the traces are skewto
Crenches in t HEDHUREESAENSS on AREPACHIDSHs b the substrats gre fompstan s9002- 06. 12 19:

56: 04 |1 GMTl, $ae. & doenitddBnie dhd Rthes fimedBh 1R®a&f orGloBALEVRGidR ofi @ t hrough
a wafer includes providing a substrate with at | east one integrated

circuit, f8rnthpgpbstrate prerformedhepeaihythe dies ergptegrated ciseuitshEhesuthst r at e, and
formng a sec i i t that the
second trenc hﬁ%?sgéti%ggfl ﬁll‘e:l?rfe futr}lg% &?fﬂgﬂ%hhq'?g%%lrﬂ]%aﬁ%ﬁ? %{%@é‘%}l&a. 1n an
enbodi nent) aTleotichensians of theithrowght vab arsedefdmmintet by tighwidiha of the arrichesd from t he

top side to the back side. is.for an .edge.contact an rovides a
connection fr Fﬁl?‘ﬁ@ ?aafwﬁa%gg\%ﬁubﬁr%g&me Y‘ﬁ@ggﬁﬁgﬁf‘}f&l&“ ?ISQ?JQ%’PﬁdaCt on the
back side pf Byte sidkd sfahemedhaniodl cattdd askidne treate irekppafle trahdh. ahs t he
substrate fabrication.s The bond ds_are connected to the conductor.

e.
1n an 10 éfboayshyias H‘ch‘gﬁﬂcquéf&t°f:’6‘ﬁt€'g€[t‘° formya spptagt o comMuEnIEHPNOf t he second
trench and coRRErdnefhelith JilCoRRMRERA to thdbadisi8SDIAGH BRBbdimbACK Side contacts
are formed at each end of the back side trench. In an enbodi nent, the
net hod f ur t hetontagts|arrfesnetia e hagk side)trenghespwlhikh songastsgre eanaedtestiet rat e so t hat
t he back si dey) Lal: Qﬂ,,@g@r- 0 the back side contact. 15 An
enbodi nent oﬁh%ﬁ%ﬁgﬁgéh?h%]mgﬁtl on pvrl%)s\'/i des a nethod for stacking
i ntegrated circui tMethodsowd stridturesxdtequtesenichyedtion furtberiivélndg the f i r st substrate
i ncl udi ng plural i of fdrst .int ted circuit dw,ces s rated by
treots, 7or R b rthes ot Pk SIS Bl @bl BV REBRET The Vi v s
substrate, andddtpmohesgelsecothd diercomptugentsofin srhentadikait,die mfmdehef i r st
substrate so that the ecglndD O_ér Ch%?’ and firs tr?nc es intersect to
form t hr ough YEResFPIRACR Eet Bé‘sé'eo‘gﬁﬂeos Htafae Kepkie opresi an e r st substrat e.
In an embodi nRiMber biondPuliosh theldied) ah ah BBbstHREnt S BEhbARBf RerBfdUCt or inta
the through vial to formcontacts on the top side and the backsi de,

connecting t homeeshiaies Rack sige af the substate pre cgial farhalighemumber of bomds j r st _
i nt egr at egsci Sl fndEiGass ardRREQE o SHORIRh Sia M1 C st plurality

of 25 second T ndi vi d_ugﬁ_ Integrated circuit devices separ atdé%%gf/rﬁst reets, is
connect ed t o thheespeotize disuFsacestonnect the hondpads thi thethrqugh hias.plnamal ity of second

|t ograt od of PR hE RS BeR SE b LalsRRie Wi siisat By e o
integrated cithepéiterdiy iafi®thusAdjac€boid padd £¢Edtneded tocenthktoskiMi ces are

separated fromthe other pairs _of connected first 30 integrated circuit
devi ces and s@E8h vias e gpRasiesigssof theidiqy dy ap erabodiment sometagisi®Ent , t he net hod

includes f3r Mg B kel chds G BacK fMeld?heSubdBleS 1Ph énliddfnent, some of

the traces are skew to trenches in the back side of the substrate.
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side of the second substrate, formng fourth trenches on the backsi de of
the 3 18664146160 2002-06-i2 19:56:04 (GVIN), page 9 second substrate so

that the third and fourth trenches intersect to formthrough vial fromthe
top side to the backside of the second substrate, and inserting a conductor
into the through vias to formcontacts on the top side and the backside. In

an enbodi ment, the nethod.includes. connect.ing t conductor to at |east one
5 of the pluralit %cﬁ@%gﬂﬂ"%’it ‘f‘@@tpﬁf%cfr?ﬁ%fl%g?"taqﬁg\fﬁ‘cae‘g? e} olfesenbodi nent
the fourth trenchesovidigg 4 aubsede WaReALdR: &ie ihe@aied eR@itforhing aRa0Nd
integrated circuit devices. In an enbodi ment, the fourth trenches are

linear. In afrasbiadhhionside ohte sybsipipeand imingasesanddench pithabrekfirst and
second subst IR u divdHlalodd Fhe fe'sonl RethChiltes ahkrdleREPRALAFRRL OF the
present inventionis directed to a nethod of formng a substrate |evel
package of5 t whroiigh vigrlatar émbédimentt a chadiatergs inféred mpthl titongholiaes provi di ng a

first substrate includi lurality, of . first dies separated by streets,
the first di eeé‘?cfiﬂgrloﬂ’g‘gﬁgogﬁgdﬁgo %‘5§§°k()sxdcaﬁ-hgct{”i'veans°ﬁ%ee°°8ﬁqaﬁ]g substrate and
traces connegiréddds@ dohigectiomfiorn @dsfabricatisti dide dfithiesdubitfa®te AR6nthdl ohhe streets on
a top 15 side of the first substrate, fglgqr?@tng second trenches on the

backsi de of tthebackside of thgsybstipte: npnembo gdnads ae QR LIcNbSRlS i r st

trenches int ghiRGlior dd. OFHILLAA P46 Bre\tbAecfell (ML BéhduatBr, Shde to the backside
of the first substrate, and inserting a conductor into the through vias to

f or m cont 4t smhedineat, dackssidrcontaet is Frsmpdiafionr ged of theesetonddrenchiidt rate i s
connected to . i j and second
substrate ar e&@@%@g@%g@@%@ﬁm h%’r@@%ﬁ%@? %%ﬁgf %ﬁet&?sl %g{&cﬂélrgl%hs econd

subst r at es areachendradithe el side wénckabhancirbedimenty hemadtivddufthar itebides ncl udes

connecting the conductor, to .at ast one of the bond pads using one of the
traces. In a%a%gﬁ}%e&ac?ﬂge %Iletﬁ%ﬁ’ﬁiﬂgaﬁ%ssottL%{tﬂéeeqaﬁ]gF’gﬂgfss’&n&fﬂﬂdr ality of
second i ndi vicdpaharitoihe®ack @k whiactui t devi ces separated by streets. The

met hod furéher i ncl udes,..in 25 an enbodi nent, connec%ipn t he 'ﬁl urality of
second i nt2grat ed 4% {meFLos theRregegt inpention providss g pusf ?goréfadf‘ g egr at ed
circuit devi GeggraRd cEERPdRckd) IrHedIRStiRTudR8 bfovidalg 4 Y6 sepsagct ed first
integrated circuit devices and second integrated circuit devices fromthe
ot her pairs dpcledingaplugdity ofifyst intpgrated eircuy devieesispraraied pycsitsetand second
integrated ci ' ' : ' t he present 30
i nvention i anFﬁJggéﬁgsﬁiég%gﬁﬁ13#&@3@%?%%?&55@:%2%%%%%}%% a?ltjrst i ntegrated
circuit devi demang ssendmehchestondhetiackbidei af the firstdebstrete.so khat the senvhddi nent , t he

contacts the pair,ef the caonnected.first inteqgrated circyit device and
second in% grtgff‘ggesﬁ‘nd ﬁ’fé%@ﬂ%é%@ﬁ“ﬁgb@%gyﬁ%’fﬁsg@.”bﬁe Ec’@\?ﬂ‘fef{" ge 10
circuit devi deckside tthe firet shbstlirl drearnémimdineat, thdraethod fitherinclsdeond

integrated circuit devices,of th ir. Thus, the active device fabrication
Sl de or the. SaFSIEA GRS DD MrAEPRE 1ot A Cotes 2 15 ERISH Frdan

enbodi ment, thevhesde, Ragiciy thd@onliidtéitio ai1dast 6xETthd phiremty 3k 8kt Ci r cui t

devi ces are connected to_provide communi cation 5 between the devices. |In an
enbodi ment , tiRiseiated Cirguibdeviche A pecand subsiraie Adirdh ingludes p alusalityofr cui t devi ces
are connegte : 9%%&' cat %J‘g@r an

enbodi rrent?? te%&gg%@ﬁfgg%rug n ‘%‘ﬁ@%‘rﬁ‘?@ﬁ%‘rﬁ?&%@ f teﬁg\{%séebg%enc drsl?Jbstrate are
connect ed t o thifrst swbdimate.olnsiniembodimenththe plymality of searnd tiftegréted sitcugubstrate. 10

Furt her featuyes and advan s.of .the present invention as well as the
structure and SPE4f F%’W‘*%F‘E @’g‘ﬁ‘? %lggsphérﬁﬁt&?{ W‘gedocfml"l‘ngc‘ﬂ?eg'sent i nventi on,
are descri bedCénneéied pdits of He@vhnot el fifse intdgenalkcilctit Edviceaatdddpendyi Nng dr awi ngs.
Brief Description of the Drawings Figure 1 shows a substrate having a
plurality of ‘Bieér."‘wfi‘i‘rﬁ‘i“b@ﬁ"épe?a‘ic§°P&Wt%IfB\FhﬁhF8ﬂ’ﬁT pajss ghroppected,fitst i al  waf er
during a 86 OCigfeptatid HERP AP il Sekbnld Intb R RePEiRBRAEVILRY &4 ON. Figure 3 is a
view of the Figure 2 partial wafer taken generally along line 3-3 during a
processi ng stepbodonent.dhewgethod inbkud¢srfesming third remtheom theitgets end tips a pl an vi ew

of a wafer durin rocessi hgr eof .aceqrdi,ng t 0,~ the teachings of the
present i nvenstlﬁlleo‘ﬁ‘.t FeGUF esugé%iaée’ g’"ﬁ%‘ﬁ f%“éﬁ‘grp"@%‘ie?\?‘éﬁ\?i%%%% ogﬂ\ﬁaf er according

to the teachings of the present invention. , Figure b is a bottom
perspective view of a wafer according 3o the teachings of the present
invention. 25 Figure 7Ais a top view of a partial substrate according to a
further enbodi nent of the present invention. Figure 7B is a top view of a
partial substrate according to a further enbodi nent of the present
invention. Figure 8Ais a partial top perspective view of ~ 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. 5
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18664146160 2002-06-12 19:56:04 (GVI>, page 11 Figure 10 is a partial view
of the Figure 9 die. Figure 11 is a partial view of the Fiqgure 10 die after

a processing step. Figure 12 is a partial view of the Figure 11 die after a
processing step. top view of a die according to the fiirther enbodi nent of

the present invention. 5 Figure 13Ais a top view of an enbodi nent of a die
after a processl . BleR: soihd WeniFhld Sud haRu SN0k AR ERROdiTeNt of a die
after a processing step.” Figure 14 1's a bottom vi ew ot g d &&lccor di ng to

an enbodi nent vigd fréreheltop pide sethé backsléndfithesecdridpubgrate, Md ifisedtinplaacked assenbly
of a plurality qf dies gé:cordi ng to_the teachi lrilgs of, the present invention.

Figure 16 is {ofugirdnioae threugh gies tp faap eontactspnthetop sidg prdythe §acksidenbodi ment

of the present, JnRY@RAIARL, thkindth@ihudel LodrctthgGhOSRISEG h N@lst ¥leeW Of a
partial wafer stack of the present invention.” Figure 17B i1s a cross

sectional ¥i eof tharluraligeofsreand yntegraspdcitcnit devices- Inyap egtbofingmt.éhe1 7A. Figure 18
I'S a perspect fuén Yrbixgéﬂe?ire?o 'c@géﬁc%%ﬁes‘ét EnSAfiKsednd ifEaleq 35 QN 20 .
i nvention. Figure I's a plan view of a package accordi g 1o an embodi ment
of the presendevices.elmtanembogiateat, thedobtdsiomehes agrdinkar. (e énabddoménng det ai | ed

description o he.i nventio reference s d 5 to the acconpanying
dr awi ngs whi c{l?e %18?%65 art sﬁ%“r‘% ﬂ,?e gﬁﬁaﬁdﬁewngéﬁsﬁgtc%ﬂﬁﬁkﬁ"e%l?n%ng of
i | lustration,digipgci fi c embodi nents in which the invention may be practiced.
These enbodi nents are described in sufficient detail to enable those
skilled i A0t he artA® empedimentoéthemesse inyRptions diswctrdrto emsBgieEnt s may be
utilized dggg r tﬁa}nn%@a%ﬁétrate‘ 1668 f@kcage WPt SInRldidacRnit BARRE STRRY Sy mede

includes providing a first substrate including a plurality of first dies separated by

streets, the first dies including bond pads on an active side of the substrate and
traces connected to the bond pads, forming first trenches in the streets on a top
15 side of the first substrate, forming second trenches on the backside of the first
substrate so that the second trenches and first trenches intersect to form through
vias from the top side to the backside of the first substrate, and inserting a ’
conductor into the through vias to form contacts on the top side and the backside.
The first substrate is connected t;) a second substrate. In an embodiment, the
20 first and second substrate are formed the same. In an embodiment, the first and
second substrates are mirror images of each other. The method further includes
connecting the conductor to at least one of the bond pads using one of the traces.
In an embodiment, the second substrate includes a plurality of second individual
integrated circuit devices separated by streets. The method further includes, in
25 anembodiment, connecting the plurality of second integrated circuit devices to
the first plurality of integrated circuit devices and separaling 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
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30 fromthe scope of the present invention. The teens wafer and substrate
used herein include any structure having an exposed surface onto which a

| ayer is deposited according to the present invention, for exanple, to form
the integrated 6 1$664146160 2002-06-12 19:56:04 (GVI), page 12 circuit
(1C structure. The term substrate is understood to include sem conductor

wafers. The term.substrate.,i | SO lse 0 fer to sem conduct.or
stn~ctures du?llrcrlllgl]t %P’lgggrsesal?%lﬁ?)a%ﬁl cﬂa%/nei%ﬁ@\elﬁﬁsg alé(g har- lgglpgl}a%qtcﬁgflphave been

fabricat ed theaevdespontheBairhThval the active dsvibsfabiidation sidd oftke ghbpresesard undoped 5

sem conductors, epitaxial sem,conductor, |l ayers s orted a base

sem conduct or Cﬂfle&ﬁ‘i[ﬂg 'Efra,“gé BT\RESP a'éEmB‘f‘ﬁéFmstBﬁF@@rfﬂéﬁgﬁg@ﬁﬁgt ures wel |

known to one gdtbhd Btbgtdled dMRuRbEvices BR chicBicd R WHEIOEonhubiaifieh St 0od t 0

i ncl ude sem conductors, and the terminsulator is defined to include any

mat eri al t Wat betweensths desiesst P apembpdisnsenti thettrages of Ferfirstiaad segoed i al s refer ed

to as conduct g g rch) oAb QN Andlih 6 hGiad ESAELRLLRN phiced fiEr of Or e, nol
i t and th p e pr

to be taken in Imting sense, e scope o esent T nvention is
defined only Hyvidese rappericdonent, ahersgndadtandn the thiougheids of theseopd  of

equi val ents to i.ch such clai are entitled The present description
empl oys a nunB&® r?:tSﬁVéﬁP’?e(g%da%tiigéo cﬁ%to’fﬁil? é'f%t'?'éﬁlxtv-‘%g}ﬂﬁﬂﬂnst si gni fi cant
digits) are theseatge as the figure nunber on which 15 the nunbers appear.
Accordingly, like or simlar elepents will have the, sane | east significant

digits. FdO exanpl Fa“,“htehf?a%‘ﬂaé%‘_? “a"("é{‘ta%éfgﬁh,e pEssenh gyentiopy asywellas s gnat ed by
the conventi ognXffle at\efution‘of vatiohd ntod s ﬂ?g&ﬁﬁésentgn&gtio LGR, 200, 300,

etc. The present description uses the ternms "top” and "back” when referring

20 to the subdescabed indetagh belpwiwithaefierenesdo dheragceimmnying dfawinged. The term "t op"
refers to the surface on whi Eg #ﬂ&ﬁ&ﬁgrggtﬁéwgnggman active integrated
circuit structure are fornmed: rs to the region of the
substrat e beneat h Figereduhbwasesubstravbhhaingagiluralityef dieui t structures are

f or med. Fi] ure 1 s?ows A wafler .109 thatf i ncl tjdés [gmgl ural i t% of die 105
each 25 segar at ed T EOH-AUFACEYEOR &by @R 1Ay YR € P8 PIOfRE™MESEP 105 each

i ncl ude i nt egadtbeihgoth tiglpréstninekntiont act s that provi de communi cati on bet ween
the integrated cirgcuits and, circuits outside the substrate and.die. The die
105, in an enbodi nggtre iihe Mg the Fgrns partiplwatsrdaken gencrallylops &ps cui t

i ncludes a dyBamugn S CORIRY % KL YRAMt i6t. her enbodi nents the
menory circuit 30 i%gPﬁyggasﬁgt%%?ggst on%ﬂ(()f' SRATI\I/Imzé%?géi ¢ Random Access
Menory) or Fl ash niigweiddsa plagdiewi cfaayafey duingprorangibereef dseording ynchr onous

menory dewyj,ce e : .onous G aphi cs Random Access Menory),
SDRAM 7 @86@3%5‘1‘@%3%%%99%@@6:04 t GMIN, page 13 (Synchronous
Dynam ¢ Random AccEgerelfisetop)persSRRrpeview of awdfcDBRoGDRAM eDeashings d¥at a Rat e
SDRAM) ) as we},l .1 nk or Ranbus DRAMS and ot her energing nenory

t echnol ogi es glsep n%%%ﬁilérﬂe art. The integrated circuits of the die 105,
in an enbodi ment, FighrerGds h bottotn pérspectiveyievbbfa wafédGcom§ingtd et her i ncl ude a
processor. The di.e (ji’? , In an enhodi nent, include a systemon a chip, which
has a pl ural i t9CHEs@L fedresmpt PYPEYr ated circuit structures, e.g., |ogic .
circuits agad WEWDVMF&'eW%UihB% VIEW o SAMUrP) ERiErSe 2QBrdi BQl@RPt @i N i ntegrat ed
circuits. The saw streets 108 define non-active areas of the substrate

wher eat t he sepbadiment of thegireseridavepiet i ndi vi dual dies 105. 10 Figure 2

shows a side view gf Lalo: é“@ﬁ . re.aQ0 that includes
a plurality of di e@g%%gmﬁ'hkeo%dﬁngg |a§(%lfb§tc§%e acr??’ed\g%fat?él % cuits (not
shown) that aembddnhentofithecdressntimgyentiarhni ques known in the art, such as

etching, lithogra , posi ti.on, doping, etc. .portion 210 of the
substrate 200, hefﬁéw*’% lfﬁgamélgo?Hggpﬁggﬁv‘%%ga%g‘fmgéﬁﬂ%i n integrated
circuits. 3phe backrip@e!sBABapdtialkbp péripectde iRESr SMpwrd YBRAYY L1 Ng the active
area that contains_integrated circuits. The back portion includes a back
surface 211 that cOBES 91f# Barglhotem pafsPestiky sy he diceqsoadingg thgqui pnent  (not
shown) during lfeg‘{gmnq,@ﬁdogn. A saw street 208~is formed internedi ate the dies
205. A rrechanPca cutter 215 is aligned with the saw street 208 and fornms a
recessed, closed bottom bench 216 in the saw street 208. The 20 recessed
trench 216, in an enbodinent, is formed by cutting a kerf in the substrate
200 al ong the saw streets. The trenches 216, in an enbodi ment, extend the

| ength of the dies 2d5. The trenches 216, in an enbodi nent, 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 nmechanical cutter 215 defines the
wi dth of the 25 trenches 216. In an enbodi nent, the mechanical cutter 215
is a saw blade. In an enbodi nent, the saw blade is a circul ar saw bl ade
that is nounted to a rotational drive such as an electric notor (not

—— o -, . 4 o — o
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5 body of the substrate 200. The top surface 221 is the surface of the
substrate 200 wherei n. and whereon active inteqrated circuits are

fabricated. However, the cutter 215 does not cut conpletely through the
base portion 210 of the substrate. That is, the cutter 215 when creating
the trenches 216 does not cut through back surface 211. In an enbodi nent,
the cutter cuts into . hase. porti the 10 substrate. This results
in the trenches Z%g%ge?ﬁlgsa@%ﬁﬁpg}lf&toﬁgmgz}&éﬁg%é top surface 221 and being
cl osed at the bot trRigaref 1 ishepattiabniew of WeiRigure ¥ dipafterd puquassingy syepf r om t he
substrate hack surface ﬁll. Ac O'rdio?ﬂ{;%" thf é;{.ut’%ter 215 forns the trenches
216 to about hal f RigEe {hisamealvigy et G At B@Proses S Rnbodi nent, t he
cutter 215 f oph%ichut aldienehmgh® e \iihePahbodident bhine bRe&s iftntdae 15
substrate 200." I n an enbodi ment, the cutter 215 forms the trenches to about
twot hi rds $he t hi ditgesd3ois atap viswnden smbodiment of p digrfierdpasessing , the cutting
process descrgﬁ%ed herein is repeated for each of the saw streets. In an
enbodi nent, the cutting process described herein is repeated for only those
saw streets 208 t HigureX3R isth top viewsdae edbodinentofia die aftbrad pracessimar al | el . I n
this enbodi ment, the saw 20 streets that are transverse to the sane
direction saWw'®reets 208 that include trenches 216 are not cut. Fi gure 3
shows a substrat e 3@@e al isedboktomtvier ofd di€ &bidivg t0hn tfiBodihentlogthe substrate
200. A nechanical cutter 31 S is positioned adjacent the nonactive

subst r at e 1BacketsBt PVERIO810 cont ai ni ng back side 311 of the substrate 300.
I'n an 25 enbodi marliigurEﬁ?i%ﬁ@&ké@&s?cn&ﬁ@oﬂasplﬂhﬁtg%@dﬁ;£&Brd§r@%h{ép trenches 216
are formed. In an enbodinent, the substrate 300 is in the same orientation
as the Fi gur etezchings of thgpeessd vapliP™s he nechani cal cutter 315 is positioned
beneath the substr apiLcal L nel t he sane

enbodi nents as deslﬁ%ﬁ%égﬂﬁg&g?%%ggaggﬁfﬁ?%gﬁ%ﬁ%@gﬁﬁ%ﬁ. Cutter 315 is

al i gned wit h ¢rhodouers of the predent ynveritida®0 substrate 300 and first contacts and

begi ns cutting at t.he er edge of the substrate 300. . The cutter 315 cuts
at | east gr%ue back lglgﬁgﬁ‘}\bsra?ﬁ%fsc%%?] Vm@f?ﬂ“?‘ai}’{?séhgﬁ%‘)?ﬁ!f top of Figure
3. 'fhe termphaakinvémioar s to aback or base area of a 9 18664146160
2002- 06-12 19;56;04 ( 1) page 15 wafer or substrate on which-i ntegrated
circuit layers ar J’W%‘%ﬁsﬁ%ﬁmgﬁ&?&tﬁ?ﬁgﬁ’éﬂﬁ 13long e d2B4RB does not
contain activerpighegrAted circuit conponents. The back trench 326 is at

| east to half the thickness of the substrate 300, The back trench 326 is
about hal f the t hilBrwed8issrperspectiyapiemrofpsingpigted giestask ekthe preash 326 5 i s

| ess thanngoEﬁveE@Ar{_( the, thiclaiess of the substrate 300. In an

enbodi nent, the back trench 326 is about one-third the thickness of the
substrate 300. |n EpwedBidi plamvicw af ppaskageiaceording iseaplembodimehed 1826 ar e
formed beneat hregegt %%‘{%g area of a die 205. The back trenches 326 are cut
at a differen® ang’l e-than the top trenches 316) Specifically, the
directions of the 1C fabricati onDsiailed Deseriptions 316 10 and the back trenches
326 are transverse to ch, other. |n an e dinment, the directions of the
trenches 316 and g@éh%ﬁgmgl[ngﬁgtgg\}qlatie§cr1pﬂo%gibtgmmtwgﬂpgrqnﬁ%lsmapgcti ons of
the trenchgs @ltfe %Qmﬁ@r@dn%_r&avﬁhgsa\hﬁéﬂ fof 2984 heest, Md'ih whRhREGbwhO each
other. In an enbodinent, directions of the trenche_s 316 and 326 are at
about 45 degr bewaypkifustition specifis cabepimsntsan which thsiinpvestigrompyent , di recti ons
of the 15 tr ChRREaSHHed Bhbdafertt frokschbod i Shiicht BaAR) Elapldififleabout 45
degrees with respect to each other. In an e ogll ment, directions of the
trenches 316 skiled32a@hecarttopractice thepiventigne ther embakimertomby Uutidieet ees with
respect to each, ot her. .The trenches are forned.at a depth that causes
themto physi &3 oS duty FEREMRE s ER-TRS LB g o

i nt er sect i30ns frémAhe SPS of thepresenemienmion. Bierteiuywalerad blbseatglisedo! es
(aperl:ures) that extend fromthe substrate first, top side 311 to the
substrate sechefgn ipdede agy ganoturg having g sxposed prsfage pnie whick ador Benmins in a

| arge scale f : ted i jes 305
remain connect8 Eeﬂ(?s{t%g%r f ttﬂtgre pt rngtngﬁrﬁaﬁ’efo%%ﬂbe?{oba@i{h%grg?%ﬁg%10 of
substrate 300. 1n an enbodi nent, the back trenches 326 are parallel to sone
of the top trenches 316 25 formed in s&w 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 forned
in the back portion of substrate 400. Each of the hack trenches 426 extend
under a plurality of dies 405 that are linearly aligned in the second
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18684146160 2002-06-12 19;56;04 (GVIN, page 17 626. The trenches 616 and
626 extend transverse to each other, essentially perpendicular as shown in

Figure 6, and intersect at 627 to formthe through vial. The width of the
top trenches 216, 316, 416, 56, in an enbodi nent, are fornmed by using a
mechai ucal cutter 215 or 315. The wi dth of the top trenches 5 (kerfs) are

equal to the w dt utter ord| n th chani cal
cutter only n%kcé‘grelcgsf rﬁcqtmeengg%%m SLﬁ) cmu‘ﬂ%?% t°2’6°6“‘g§%‘81°°%§tﬁpﬁsoo or 600
to formone kwhfers. ’Ittnetdmrsﬁbsmdtmaléohfsw o feiVo seiicanderobosliceied , I s about 200

m croneters. The kerf w dth 416W in an enbodi nent, is greater than
about 200 mi cfBRBPERcsssingyand ipgit iRclade ‘tt‘PFé 1adat§tthatlaté’ﬁé’ﬁe"sfa§2‘@te 426, 526 are 10

equal to the ydbhs Hoth ttefet%stss@r@ehﬁauae% @Qk the width of the
top trenches are greater than the w dth of he bac renches Figure 7A

shows a pa|5t|eﬂmleqmldsttmammmelssmwpndmwrudesswmmdbyehlese?05 bound bet ween

{00, top {renchese oo Bl Sl SBHt: iR RHIES FlaRe/ g (hat are

partially shaVen at are
posi ti oned i nkiowiho lohé1skikddan thetane Tthetetmrcomfuctohe ufldastbdsd totisclhdengi t udi nal

di mensi on. Bondi.n ads Q are |t| 0 n the substrafe top surface
721. In an enifHH? tmsb%‘ﬁ&]i‘erf@mb at‘?@ﬁg%lg'lé’gﬁ%?mlﬁﬁ%?‘tyl%ﬁ'ﬂﬂ@ﬁ t¥¥he back

substrate surfe@sﬁ&emanpeoddﬂtmrtﬁneﬁk FihteGal feferiell td RRofliRIoHO TRt extend into
t he non- actlve back cgortl on of the substrate. Bonding pads 730 are

posi ti oned® Io Ptvtm. tailpd,dgsprintion ésy theesfasg tnobin biefakem i Himiting senae, 20

enbodi nent . of the die
705 as defi ne thfrt[e%%1 %@E@Xgﬂgﬁésa&gggé%iﬁéﬁg{Paj%&g%i%qﬁsz bondi ng pads

730 to edge cdnmawttbth'ﬁﬁll schpacsguivalents fawhich mghxmﬁecm ¢ntitleé formed by third

nmetal I'i 2ation pro T, n 7 depositing a

conductive materi ;fh ste’l% J@?cﬁ?fi "?Rc/i?as “3%‘9 13%8 8“?%’ ?re%egﬁae contacts 732

25 ext end fro(rhﬂ-hmest},ub&t mgmﬁcatnomgﬂas):irade saimd ad the fifige Authisdroatvdidhack surface
are formed in the

(not sho in Fi e 7A), The ontacts 732 thu

substrate oph§ﬂgli“é &ap @hc’?fé@ﬁ‘?’%@’ filfﬁfr SR "ﬁéleg‘ﬁ'%t”?lh]taé(eﬂé?c“ﬁmgurface
trenches (not1es§tetgﬂ1ﬂcmnlat@zurpor7eA)mplé;ctﬁ@§1ﬂbmé Wafe@|oR6hseilf@ sy communi cation
to the integrated circuits in e nmade from either side.of the

:
substrate 7009%HHEGRY thﬁéoe"datémb%% éYgFr§ “¥0 isthofigue pEpbete-8-nd0 hr ough vi as

727, and thropghiédiect races 731 and bond pads on the substrate top surface

721. 12 18664146_’[60 2002-06-12 19: 56: 04 (GI\/IT3 page 18
The present description uses the terms “top” and *“back™ when referring

20 to the substrate on which integrated circuits are formed. The term “top” refers to
the surface on which the layers that form an active integrated circuit structure are
formed. The term “back” refers to the region of the substrate beneath the surface
on which active circuit structures are formed.

Figure 1 shows a wafer 100 that includes a plurality of die 105 each

25 separated from adjacent die by saw streets 108. The die 105 each include
integrated circuits and contacts that provide communication between the
integrated circuits and circuits outside the substrate and die. The die 105, in an
embodiment, includes a memory circuit. The memory circuit includes a dynamic
random access memory (DRAM). In other embodiments the memory circuit

30 includes at least one of SRAM (Static Random Access Memory) or Flash
memories. Additionally, the DRAM could be a synchronous memory device
such as SGRAM (Synchronous Graphics Random Access Memory), SDRAM

5
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In an enbodi ment, the substrate 700 is coated with a non-conductive
mat eri al except on the bonding pads 730, the area whereat the traces 731

are fornmed and the through vial 727. In an enbodi nent, the traces 731 are
formed on top of the non-conductive material |ayer. Exanples of the
non-conductive 5 material include polym des, organic encapsul ant, and

benzocycl obut gnes. The traces 731 and throu i 7 are fornmed in the
areas free _of(%‘V‘PFz”‘m(?HE:BWEﬂ%‘P : Oﬁh‘g‘éqcfsé{l?m?’&gs)smiﬁﬁ‘}ﬂ%gﬁes 705 are
separated fi gk AR @sHuBRIIHta Rite SDRAMY &5 Wikl A!S9Reh1HR Y RAMLBRIDRAGS and
conpleting the cut through the substrate at top trench 716. In an

enbodi ment, t30d ogher EMErEHTR ragieory teshmpodngis &s kupvauipithsrare Chieyntegsetedini cal |y
cutting. In i t ol i rfof . S e enbodi nment ,
CULLT NG, 1 SRR 05 hof Dl COATRA el B 1 ebod 1
subst rat e F0Ofurtidriindiudesa roerisdoar Theodie heS, fudnsimbatment) wiudea shstamoe 7A except

some traces 731B ar.e . angle iLth.r ct. to correspondi ng traces 731 shown
T E gure. 7a S B qEeT TR s o B gt RO d o 19 e 1

i Nt er sect i onscirtgifs antitBerhdty elr&86! TR Gwtéetd 68 AddMRUaih Bligsatbd the substrate
700 where the top trench 716 crosses a back trench. In the Figure 7B

embodi ment, sAiFBlthoH BUSectsHif defipe ppraci¥sieas ok the substreterhprealibe a back
trench. Thus, g bhgid isa68de@3dio Budifiala) 8ROGCt s such bond pads 730B are angl ed
so that the bond pads connects to an edge contact 732 forned at 20 the sane
back trendf as an Hgwye2shwsatidendow ebrpasiaal substrate g cadivafere 2€0 thetnd pad 730.

This all ows t; . f - Wt . Kk trenches than
t he nunber oflg@%‘?l%bd?e{%ﬁgé’g?@s/g%%er‘li&g;ﬁg}%‘gg?w%cﬁﬁédt‘ﬁ@&?%ﬁétact s 732 are
formed at eacdhoenjithef are fubribmekusingesubhiqads knbwo trgthe wit,a8ch/ & tchiigys, t he

m ni rum nunber . of hack trenches or through vias 727 is | f. the nunber of
bond pads 25617t§?)g.raﬁqﬁ’ %??°§ﬁ%gf’?fﬂ$lt°f°'gt?°rg‘?n %/W@%fqﬁaFB ate2PR hefei? extend to
one side of tdufined & (ROBack| &oek A6tBAkaiAtintaFaRA Bikcits. TTE: HabRp&Bord 3B are not
perpendicular io the top trench 716 or side of the die. Figure 8A shows a

top perspéet i&f a3ibats fof SuRPSTRg e 26fve 2o dhat petainssintegited gireits T a
substrate, SugRi psrisH lﬂ&‘h{d@& @b%ﬁgmﬁaﬁm #hbk Johids!fnfo anta-g{,ﬁiiﬂghﬁséﬂé 30 is diced

fromthe adjacent dies along both the saw streets In a.top trench was

formed and t Heandling eguipment(nphshawnkdyuriag fabapgionndssawstredt 3pisfomdde 805 has a
ted ba X d : | i i h 826
S Y aar 4 e B ¥ 203 O ndefarh AP S 11 il B8 R G chbydfieds  enes

non-active podaBiand farmstahrecessgth.slosad bottokeirdnclo 216 indheedyestred 20&cTlee 832 are

al i gned wi,th gne_of the ck surface trench 826. The .die 805, in an
enbodi m&*\r,lvtZb irgceﬁsé%lgéeﬁgﬁz ﬁbglmn%l Wg&g@ﬁén%ﬁrgxgeﬁ%gu@gagﬂﬁn t§Fe accessi bl e
from the top,substehe 200 ddapikhofawt dveetsli Fhe tienclis 2061H0ah emtidiméniexikagk surface
81 I, which 5,does naqt, contain_active circuits, is ground until it is
essentially ptfngffggi_hq Fpea{ﬁesez%oaﬁ?r‘éﬂ’?l}“t%ﬂ@ ‘B%W@‘tﬂ“f‘%‘&fe@xﬁi‘iﬁi"? ground to the
back of the egaideTiREuBtRR20048 he bihel\GddAte SUifBCR08 Fhe frtncliound, the

die 805 is packaged. In an enbodinment, the die 805 is surface nounted to a
further subst?%tase linggr.gFhestigonftisrmechinical puttenels dffinertbawidtleofthes 826 is at

| east equak t . ' .anl n ontact is
formed i n%gac er{gg%lg]tg ?gﬁ%%%ﬁoﬁg?ﬁ??g errnir%g%?%gg?d,e; %%%gﬁgg‘ﬁﬁar&é 826 is cut
so that it passeslimentghe say bladkas a cinmldp sawlblpduith@3Hmotited wanb@ténaB32 i s
formed at one,end qf eac ack trench 826.at t dge of the die. ' Figure
85 Shove ot B BSPSbEAR AP PP R Rr e MRS BHE 1 S present
invention. Trages dimbraxt aethdés Hdheiitnaads. BIPEraticn, @ th@fhdca$32. The
bond contacts 830B are _not positioned directly above the back trench 826.

Accor di ngly, USEeL 1galigned vithggaw strech 208 Qyitside the ewerrhoundannef thond pads 830B
to the conpac 8, ; ' of one trench
826. The ? Pacge‘%s%%eizBo éreegt?e%%?glnsgﬁébkozllggﬁﬁ@gg?tg&t“ﬁgﬁg%gg% of the die 805.
The traces 83WouBd@P ofithe sulistrate 2601 af the saiv street@§PeMiechapicelraatter2183dd and t he back
trenches 826. ,.ln.this inent...a hack trepnch 826 is_cut .so that it
passes direct P béﬁgtgtzﬁggeﬁagwg@ﬁﬂdB%%H%g’me f‘ﬁﬁ&@& S RIS W35 i forned at
each end of the back trench at both edges of the die 805. The traces 831
are parallel to the back trench 826 an8 connect bond pad 830 to one edge
contact at one edge of the die. The traces 25 831 B are nonparallel to the
back fi-ench 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

enbodi nent, the nunber of back trenches 826 is equal to half the nunber of
bond pads 830. Thus, the nunber of back trenches 826 that extend under a
single die 805, in an enbodi nent according to the present invention, is 30
in the range of equal to the nunber of bond pads 830, 830B to half the
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18864146160 2002-08-12 19:58; 04 (GVI1, page 20 Figure 9 shows a die 905
that is simlar to the die 805 shown in Figure 8 but in a back perspective

view. Non-active region (back) surface 911 of die 905 includes a plurality
of substrate back trenches 926 that are forned according to the present
i nvention. Accordingly, the back surface 911 has a corrugated 5 appearance.

Aligned with th kK trenches 926 are,.edqge, c acis. 932, The . die 905 is
representati v‘é‘c’n‘g}il Qgﬁﬁg t%"’f s‘*%ﬁtéa?%llﬂrméfﬁ’%/dl%l rgﬁtlheeguq{e gtsslﬁ 8@%?Wsdt?gst rate or
Vaf er during thabibseat 20Mmotiaelttve to fircuteal & Bfanichibuditient, ien only a single
ate 905 is shown in Figure 9. Additional _dies woyld be connected al ong the

si des of di e ybsiratg 0 ig stationery and tscptier2d moxes iRkt e 1 RSB | bed above. 10

Fi gure 10 showg @uBiof1liPpbskidas &f thdli€uRQRrol S i sitehcO e Rafke Si de trench
1026 and a region of the substrate adjacent the back side trench, which

regi on hasSndwodyeéihesubstrets 200 Fhq thp swiaek 22 igdhetsudareiof he3ebstrate 209 | | be
recogni zed t i i . i A npl ete di e,
for exanpl e, h‘gfleerélgﬁﬁd g@&é@gﬁﬁﬁ?ﬁ |“g°3$°2&§?5 a%ef@{r:]{n:%{c 0 %égﬁ?ec ess that has
a cl osed i nt etutter 2 1Sudoksue cit compEBdy theduigh dad bbse rioltonr2d 0ot éhe sulstrgte, cut

vol une of the_substrate an i des 1037 def.in t he uncut, region of the
substrate. ES'E}E‘ Eoﬁfﬁﬂtf?%ig’s" en (reating Mdrenches gg%‘?f}ééﬂﬁt CBft?‘fc’Fl‘éh é??gst rate
portion 1035 qifagiiad. h blerdbudliadnt thecetiditsahtolthehRepdtio 2 drignch 1026. The
edge contacts 1032 do not extend into the trench 1026 but include enough

axea to foPmabdrdfe Tonteadis in hadeprhex? Siringoeen 44 YpstiattdoRdge 20 cont act
1032 is esseniifald 271608 haRAREIoWdlD1HE BBtdrh 81D trkithewhiek isspsdace 1036. Figure
11 shows the Figure 10 die portion 1035 after further processing. D e
portion 1135 umardlydomdhpsubriratobackeurfasad! i 14@ordinghh thercatierd &fbrmsench 1126

i n physi cal 1Gal | . fage,.of the edge contact
1132. In an Ztﬂ gg‘%'c?}lggn%%&gﬁ%&ggﬁﬁé%@%@Iﬁ%%@%%rzﬁg at each end of the
trench 1126. éfboliiment,ahd anter pldorivisAbe iranches taopen hblf the tiitkneksoftiecessed trench

interior rface 1136. .The back contact 140, provj des back contacts
that | el ectyi CHPRAEANh I8 & PBPAEh e (Rt LhGoRIoo0 BRGNS 11 5 of ¢ he
i ntegrated cifhfid the théi@eabs alaebstaiat200! k shkaddoditiind, 1H3eH%ing PREesshown in
Figure 11 ). The_back caontacts, 1140 are fornzed by depositing a.conductor -

in the trencHieseribed Rersiis Frpastert for ¢agh obthe gavseirestsy Ihanengodimpat. dehstrate i s

masked then tHeidqReiisd MscribRl BEreilis fepeat@TOSdPHodebal Rl WORSHAD POrtions in
the trench 1126 ich correspond to the contact pads areas at the end of

the trench. |oxtend ieaBas deastion eribat axsiparatlel dn iscambedintent ¢heissweover ed 15
186641461 - Q6= trja%' : : | el i c except at

t he edge ?gntz%%tagg%ié% vgég%;‘%c ordlrr?gt?ogr%f“gljm?és{s t Sgiﬁa?gg%}é‘éi ted in an area
at the edge cemcbest2d6ade3®tditd i n physical and electrical contact with the

retormed by ¢hi raREearoTebnEfifeD el M et s PR e 5

conduct i ve nedubstratd 2000 \emschahivalutat3n Alspobitioheddjat @ thedmbgactife t hen et ched
away except f%(?#) t he bgck ,cogigtcts_lmo. Figure 12 shows a back view of a

portion 1245 strgtgbag BT8R &?"Eaé‘?‘n%chhﬁ‘fjﬁé}l?frt%%@étf%?% g substrate
portion 1335 @shoaiRiMe, thésdbs@idé £00Lid NippBEaiitd iHeitsyrehered 21§ Gleliti@abot h
substrate regions that are adjacent and upraised 10 relative to the back
trench 1226. e embedimreat, dhesybatrats309 243 thersame goentation a¢ the Migwel226 with one
edge cont act j LR f k contact
1240 o1 or e S0Pkl Buh ) 845 phiforkl BBEl ALERRARE 70! S bk
surface 1242, Thdwnedhanisalieptteridd £ thcludesathe sametemblodimtentsae déscitsedhetti?6 and t he
hack contacts_ 1240 is subjecte 0 ck grinding to bring the back contacts
1240 15 into SEMEF “fﬁfﬂ“lﬁhglé‘ ?:élhgﬁqgﬁssﬂ%ﬂ“{]‘&qﬁéo %@”P‘gﬂ%"‘gack sur f ace
1242. That3gi Ssubbtie SOIAIdITREtROAEAS MdDedids ABSHY at tHeQuler 8dpeldf 8426 that were not
cut are renoved so that the die has a back surface that is essentially

flush with t h&bpEik3bthecuter 833 outs atilepst enebaok tsameiner kerf; 336, whitlwisof a
fini shed di i Ag LA at &Ly i ' i ncl ud
bl ural ity of Hium AIEORoEEeb o he Bt Falc AR b Bk phBehitdard 7 udes @

integrated circuits internal to the die to external circuits (not shown). A
t xace 1331 connects each bond pad 1330% 0 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- 1n an enbodi ment, the die |305 includes at | east one upstanding,
25 conductive contact 1350 on at | east one of the edge contacts 1332. In an
enbodi nent, the contact 1350 is a ball contact. In an enbodi nent, the bal
contact is a solder ball. In an enbodi nent, each of the edge contacts 1332
is connected to a contact 1350. Die 130S has a plurality of traces that are

Y Y



186641465160 2002-06-12 19:56:04 (GMT), page 15
20 back contact 1440 is fornmed at each end of back trench 1426. Tn an
enbodi nent, a contact 1450 is positioned on at | east one back contact 1440

In an enbodi ment, contact 1450 is a solder ball. In an enbodi nent, each
back contact 1440 has a contact 1450 thereon. Figure 15 shows a die stack
1555 t hat includes a plurality of dies 1505 25 electrically connected

t oget her. I the dies
1505. In an enggeg{)ﬁsglﬁftggeac‘ﬁ%g? Hltg%ratt%e lJCHF%B%QP%g g%ﬁ&é%trs% er{\}l ces. Thus,
t he di e stackthtabtivecarguoand dotshot mm;cmvapmgrmgd@memcan}mne?belhh e 1505. {The
contacts 1550 connect_an upper S trate active surface contacts {not
shown, but deEiC&ﬁ%?p@a%@a&eféea&gm%&B the\&ﬁ’éﬁ'ﬁswﬁlﬂée ﬁuggra[tq YO gh Sgacrlfunber) to a

| 'ower dies nopgaplihy& afbbﬁtq{élftthé;thfih&%ﬁtﬁ&&&st%é’fﬂbo T8 bh @Rl i2edi € 1505 as
shown in Figure 15 has its non-active, back substrate surface contacts 1540

fxee from ét h@rle&s(ﬂvmaboléhatfﬁ@stblcbwﬁﬁ#dhessuhgmmonham anlisdithentrtbe are used
17 18664146 onnect the die
stack 1555 toﬂ”gc% f%ﬁ@ﬁ%%ﬁ %"&%"‘%IY%‘SE‘*EQ%‘“SS‘ﬁE&%gé’ia SA0O R i o 1505
shown in Fi guembdcﬁrnbxasameahquﬁ)aﬂdtsendlﬁBGZ&ae fdmmdbamaﬂxantacm aggaot her die
1505. In an e t ts 50 nnect .t fer stack to an
external ci ch‘? g@? yffo%ﬁ front ta'FFecu i’teasdcg%'ﬁ‘gaﬂ%}?/ﬂﬁ cf?ﬂ acts on the
top and 5 baCKferﬁ:Mésf:ﬁl(Ee %E&Mll&hﬁe atrsaﬁoﬂscbfmncerwreﬁhdnql@dfeaaeag1611 es such
that the die stack 1555 has a profile that is essentially equal to the

profile ofthezed téeb%ﬁé@??‘%ﬂﬁ@%@jﬂfwveﬁ%@wa&*s%ﬂaﬁuaWWOémﬂnaéhes 1550

i nternedi at e éﬁ'&cﬁﬁﬁé’@ftﬁ’ét?émhés@l@ﬁnﬁ'ﬂ%% mgmna?oﬁtaﬂgﬁlﬁoéﬁéé e control | ed
col | apse connections that have w profil is provides a
smal | stack hdirgshipong ¢fdhe l’lrgldeesis'*éﬁtamhﬂﬁqua@b@mﬁo ﬂ@g@smthhesmmt@knesses of

t he di es 1505 t o o gnnect the die
stack to a BGi\aCi]%th%P he;m%ﬁ.!bg?%em ﬁp?%ug’;fs J’i‘ﬂff}?&é@h fg—“s’lég‘%%fé ehgws two wafers
1600, the topabmféiddzmenguﬁmeseediﬁdeaﬂebﬁa&n e arl anbdﬂenhmtmmmox«abemesuch t hat
the acti v deV| ce s ur f ce of 1600 face each ot her. Thus,
the activ dem’ ge 3&%."8&2‘2‘@?“8 Gggr&n% ?Ihst\f?/ﬁtf r2F8s WiH0 face each
other. Wile fepecsiomath d)tﬁerFlngwﬁnﬁkﬁnﬁéM direaRagef B¢ trédchéd 116 an@32 di e 1605

i ncl udes bondi n%r pads_ and trace |nter[€El onnect the hondi ng pads to edge

t
contacts forn®8 2 1 Mgleaggpterhage %‘EBB#WFF@"{‘ respectiegachioligs B t he present

i nvention. | nyaRnREPHG p@fdkmed 419 deR ﬂﬁ%atub&riﬁen?fo ?ﬂ@almms@aﬁéaspn one of
the wafers 1600 i ncl ude connectors. (not shown rovi de di rect

connect to t henexy thestgp H@mqh(@hélﬁcﬂtlrﬁﬁéecw'gézéo h@@tréermtlmﬁsé%fw waf er
'1600. Accgrd i [ | .y and

phy5| cal | ;2% co{%]gcglé%{ 8[%@%55439&@% )ft&[dh hf\%,étr]gs\%tteé?ﬂqégga gﬁa‘ ©600

i ncl udes a pl subafrate yecotﬂd ﬂahwl«m@rm\h waﬂw,tthamkstfatd S(Edemmhmaa lmtgaductl ve

mat eri al , thus rated circuits 1605 is electrically
Rccessibi e ¢ g PR Rt A5t eariny R S RLAASHORBROWRHE | 1 an s
enbodi ment, t teceatl Gt thiongh the noLGiltibatiSregion 81@ofxabdtiate300f ki dhe edge cont act .
In an enbodl ment , . .back cg&%acts ag%‘éescrilgl d herein are connected to the
edge cont act sSmagliment; the back tenches 20 e paralll 1q somerof thedorrenches It ers 1600 is
adapt ed t @scofm@ed plalvquads external circuit. Accordingly, the present

i nvention provides contacts and connections to the dies through the vias
formed accordi ng tBHgumed sb@wqaw@etmtcNﬂp@mrﬂ@at@henresqmamvemoer nal connections

are made thro i I 0. 18
T3664146160 25008 0B APRELEGlaiRiarR R BB/ GF PEEBA | scd ¢ na
it is wth the0sB: ey ﬂ:feeﬁshGSIpeﬁBlmh aifinat iredtion. Sm@t@@n@mﬂBEhﬁndm waf er s
1600 t oget her b‘%/C iher met hod kno%? one of skléqu n the art. For

exanpl e, the H&F€eP d’i"é:ﬁ’}ﬁng%{‘ﬁ’a’ Y REPERduLan fp B Sfrects ¢ Topdrepeithect ed by an
ani sot ropizn Corgiae FdntRd fr da stleett B0SA) &Pimnmﬁack fdnch@aRk aRTEm t he wafers
1b00 is subjected to back@gﬁun |n urther thin the wafer according to

the teachi ngsiighe bask nertios qs‘EWé Q(ﬁi‘ChTfﬂih@%G@é@eﬁﬂ%ﬁW&é@@ forned by
conductive nma fernmed in the
trenches 1 GZ%ﬁ ebfﬁxés“@ﬂl?%%@@g%{@g@dlﬂ e a@apggctgtgno%e waf er 1600.
Thus, the wafer 1600 can be mounted in its non |0 singulated state. In an
enmbodi ment, the stacked and connected Wafers 1600 are singul ated or diced
such that the interconnected, facing dies remain joined togther. Thus, the
i ndi vi dual units each include two di es, one die firomeach of the two

waf ers. The external circuit is connected to these individual units at the
edge contacts in 15 an enbodi nent. 1n an enbodi nent, the external circuit
is connected to these individual units at the back contacts. Figure 17A
shows a cross-sectional, partial view of substrate stack that has two
substrat es 1700 The cross- sectl on |s t aken generally al ong

o P T Y - o, 1 I
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18E64146160 2002- OE-12 19:56:04 (GVIN, page 25 vertically aligned bond pads
1730 and vertically aligned traces 1731. Contacts | 740 at non-active sides

of the connected, vertically aligned dies 1705 provi de connections to
external circuits (not shown). Figure 17B shows a cross-sectional, partial
view of substrate 1700 5 generally along line 17B- 17B of Figure 17A. The
line 17B-17B en I al ctiv Lrcuit.. si enc 171 Go f both
substrat es, “f?tjeby‘?ﬁ]hté%“cﬁ sff&e)&m@f@@ eac f’l gf}ecg llcé' .‘nﬂ%ﬁu‘ﬁte 18 shows a
di e stack thaéach'bﬂﬂéd@ﬁtréﬂé@esdﬂlﬂtthé}@erIdhﬁhS\&fsetcSﬂhaﬁkﬁﬁioﬁ efthebalg to top side.
That is, the active areas of the two die are adjacent one 10 another. The

two di e 1$05 HFhpsAdeedhiengbyize f27ae fraed ddbinigrsctions af the torBd formin an

embodi ment . Jﬂé&’trehaﬁs l'4@(5) 486, e'l"ﬂdscg,ék h-é'lcflésQﬁBQn%e i1 6GRH eRHbEmEAL € Or waf er
than the bottomdie 18 Then, the joined Wwafers are diced to separate

pairs of d|5ese>$8®1333r¢1l9lﬁ0ahﬁ mmdtdnp@mwawﬁtrmt%@SBTmeqrmm@wgbach| al 1827 are
al i gned betwe t e d dies are
separated f ro%aﬂ%t%e?ﬁ oég)gxﬁtl E&QCC%I? e w@ ‘ﬁ%éggl e{ﬁy ’?14093&\% th a

conducti ve nmafeemedin memd'w fticats 40812 Ini thesillusttatedeobddintenty o tratchés aad  f or

i nterconnectign b(gtv%en t he tgg joined die 1805. The vial 1827 filled with
conduct i ve naf®Prdm he s heee§aPihe edge contacts and back contacts that

connect the stackepigflie&shdwoDtohPeBydcaidwabw o i Gibklrfie §00IccsARYM an 20 Fi gure
19 shows a top view of a package 1970 according to the present invention

The packad® 191/1@041%@111@@&@%%@@%&1@1 Subgirate J00arqludes p plyealiy diey WEK t hat
I ncl udes backygRAGHS él:%ﬁéi 1dIb€y%kvequeés m&%h&%&é@y@g&%ec“ ve case

that seals the active rea romt e envi ronnent 72 extend
t hrough t he psidescontienches@d® Iarad embedimentctik ignabend lcire top derfiafoknaiont act s

L g naest B MediRarcil! THELack LG e bl TR ontt el S0dls| O L

package 1970 PrEohnee ernal rcul Ich afddr ess and
dat a buses anshecianicaity cut ko forth bsck tknam Ismﬁ han emhdsmmeratmagaoa waf er | evel

package a ordln an enpodi. nment ,of present. i ntjon incl udes
fabricati ﬁé g?ﬁ%@a&?l&ﬂé ﬁd%fCrﬁifﬂg‘F gl' ﬁ?e"egﬁl?qsglg%ﬂ‘febé ncl udes
integrated ci fr@i(bh&ﬁSthﬂeﬁébtequb fAlthrobgtevidlextenting cahSetes  thiokgd s form
menory devices. |In an enbodi nent, .the integrated circul tséé)erform l ogi c

functions or PiosEse st Lefeqeathe top side tathsdarintda Eachef the ties &05fmberi s a syst em
on a chip deviperatdd G@?&I @eﬁoﬁcﬁﬁﬂdg55015}9%&9&1@%%@@%56’&30 18664146160

Z002- 06-12 19; 56; 04 g

electrically connccted tp the mtcgrated 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 SO8B, 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

11
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functions. The saw streets internediate the integrated circuits are
partially cut in a first direction to formtrenches or kerfs. The

non-active regions of the substrate, generally beneath the integrated
circuits or dies are partially cut to formnon-active side or back trenches
or kerfs. In an enbodinent, a plurality of 5 cuts in the non-active regions

of the substr urality of . ngn-active side trenches.
Wiere the act eTg’leg’@%&ﬁtﬁﬁaé’g%gﬁ]aﬁﬂgfnﬁa&@fer@ S*}CBSRFF’SFFE?. Yintersect there
are forned thﬁﬁ&pﬁhlc\dlaaﬁs dhowh MEFiglie B! dndtiftersddl @662 71th FRmdhe thtckgh Pla@Vi de hol es,
whi ch when filled with a conductive material provide contacts on both the

active (top) surf akhe withdfhesamsenchtse Lt 6t HS> Al inrampedipeent, Beeck) sur f ace
of the substrg Rhifieq B daﬁﬁ%e&%\ﬁw%ﬁnmﬁadﬁ@t %Pé%]cftl%fcfﬂéﬁyg wafer |evel

package as descri erein. Such devices include In IeC packages,

soneti nes Pef erfeddre equakiodid width afithegngchaniesd ottss Amndmg}y,rthﬁjul es, and
conputers and 0 e a die
having an i ndi \g/JI;h &CFl rﬂ')tg %%/}'f%?%gaflb%géy %%ees%%an %ﬁﬁ%b%dbgksu%st rate that
cont ai ns ci r cead toormoone ketfe Ghakertiwidth £416W, Sd6W, irean, enibodipeent, dg aboat specific

function, such as, nenp uncti ons,. and, address functi ons.
A sem conductg(} ‘Wéfcg’?et?l% %h?q?b‘:‘b'aﬁ I%}6§gﬁf6a\brf“§“|¢’é‘8‘é%ﬁ"§?f is#&%f n of such

di es contai ni {han bkt 3G0RIckdHGkEE O Wilith of TRRbatINGénchebiiab, 426 pRGkage i ncl udes
structures of the present invention or is manufactured 20 according to the

net hods ofl0t h@uﬁheé’émmthwémeutmrmlﬂré iy spphedisment, thayuidthanddhe b~ an

enbodi nent, f I y to extend to such conpl ex
devices as a ﬁ%&ﬁgﬁ ﬁ%‘%ﬁt rtg?:ne%gg}#&t%\ngpﬂéb&?d&mfﬂggfunctl onality and/or a
processor and nerrﬁlgmnﬂdwhews npatiaisvlgirete 700 phatlhelgées alfnldl diei7686boéundC packages
typically inc de 3ROt & a s_extendi ng

t herefrom (no{)%ﬁ v'\:/cr"B %‘r"%ﬁé?n‘é"‘%@'@é@g P‘ftqﬁm&%ﬁv@%ﬁ&tﬁ@go’fe the IC
package for umd:ﬂt;&haWnoDxebﬂOﬁéaeh&iohﬂehmﬂhtgmﬁsmraﬂdrqm@itxrbﬁédmhn an

enbodi nent e |.ead ct.e e contacts, contacts or
ot her contléctgneﬂm@e' “geéﬂg @l‘ﬁqsén@h%ﬂa? By ‘?’l’é}"@d’égﬁ%ﬂa or nore
dies that ar eaﬁgmlmdonmetshbﬂate%ﬁ Sefite T OLe St énviRddeiAdt flﬁndxﬁg' :i?lsa

conbi nati on enhances or extends the 30 functional |;tné;f an..| ndl vi dual di e.

The circuit nbtflarenetiesitiensd on thedsk sbsiramsusfacessdhe atediienifidn a variety of
functions, ory, f ality. One
or nore dies t? d%lcurz%il?? té’E t%m u éhég%o(r;lltsa §§ﬂa?!f dg’?g? ggﬁ%%ﬁ’g@aégg%%dﬁ

2002- 06- 12 19pi8 780 are @hilioned depgitedinally frordion ¢ batorhis tirEgwafAi nventi on or
e b O Moy dEIARES. She bOGIFICR! M AOL R Ror RIR SRR fS7@) @ cl foul !
nodul e i ncl'ude nenory ev ce'drirvers ower o onmuni cati on
nodens, procea@dmﬁneﬂ)btuﬂheﬁremms ’appﬂ*racai'ﬂdwx&péﬁnmnhe t(o@nﬁﬁm@)aadnmmtce_s) and may

includenultll m)due The, cirgcuit dulje is, in an
embodi nent , 58‘8?%%? jnfﬂ%ﬁ% 23 gIpogimea} Arefomed bYIE o such as a
clock, a tel em&uaauorﬁprsakdes p’h]ﬁkﬁﬁlge aonltx&fsSDGﬁa}e mmlwaéposﬂmgaonal dat a
assistant, an autopobile, an industrjal_ contro an aircraft and

others. The cF‘?“éﬁ?tiverﬁ?&?ﬂaémﬁjﬁ"sthéf’“%?’ia%?%/7 &CCP@%B é%éﬁ’&?‘ﬁ@ $2her ef rom and
coupl ed t gst h@xt&ldeﬁorﬂ'&@éhwtﬂa& th‘éu!rﬁEee‘fﬁto e sBistrak 8! su{]igce('(%ﬂm”' cation and

control. One formof a circuit nodule is a nmenory nodul e e menory nodul e
cont ai ns nul t sheven indfavre/7A)CT beadge eantasts 798 iy rate) fornprd in thetsabstrafe topC devi ces

general ly dep sire for parity.
The nenory nn%gﬁ g&%@ n”% %gﬁﬁg q??é%%png&%ﬁﬁgﬁmggﬁg?ﬁgwngbntrpIIer (not
15 shown) on ngﬁmrm?e)nckcbcbrninglgrndeqmﬁ@uy casmbmicatida tathe ipegratédidrediad ia out put on
data |inks. nd || i nks a onne to | eads
extending fro efﬁ& e PI36F °mf erﬁ‘g f&beﬂﬂ’dﬁ?te5§%@r%'s ﬁﬁég&‘?"é@af’tﬁat

consti t ut geat 73e@shedmthe @fouh Sia8BIhnd tHiRAph the traéds YIE arid Yond hikls@n Of the
present invention or are fornmed according to nmethods of the present

i nvention. 20the|sekstratsiprsusiaes Bds i ncl ude one or nore circuit nodul es. An

el ectronic systemgenerally contains a user interface that comrunicates
with an electronic unit, that processes or stores electrical information.
The user interface prOV|des a user of the electronic systemwth sonme form
of control or observation of the resull® of the electronic unit. Some
exanpl es of user interface include the 25 keyboard, pointing device,
nonitor or printer of a personal conputer; the tuning dial, display or
speakers of a radio; the ignition swtch, gauges or gas pedal of an
autonobil e; and the card reader, keypad, display or currency dispenser of
an automated teller machine. The user interface, in an enbodi ment, provides
access ports provided to electronic unit. Access ports are used to connect
an 30 electronlc unlt to the nor e tanglble user |nterface conponents

.J
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20 data output between the one or nore nenory nodul es and external system
bus on data |inks. Another specific enbodi nent of an electronic systemas a

conput er system The conputer systemincludes a processor and a nmenory
system housed in a conputer unit. The conputer systemis but one exanple of
an electronic 25 system cont ai ni ng anot her el ectronic syst em i.e., the
menory system as.a_subco e ut st em op nally contains
user interface cor%ﬁ(%e'ﬁ‘g t?'esu Eaet z@@g%ﬁ%do‘ﬁ%*h%" 3 but are not

limted to a :kayﬁmmaptaamlbaﬁdu@pﬁevm;me a@calmﬁkdaometrﬁceﬁﬂ.%ﬂiﬁr and a bul k
storage device. It will be appreciated that other conponents are often

associ at ed vm ﬁn?,do"}?ﬁdbf‘e‘lhf%h§&“§?%7m1§6%ﬁmh%d“ﬁﬁ‘ﬂeth%trafaé 3lcwe fprmedr cards,

addi tional stof@ger R bR EndulhR miriaMabdr, ENELAL! ofif ARRLGELALED L hal the
processor and the nenory system o e’ conputer system 1n an enbodi nent,
are i ncor pbr ametdrigdrincdudsipoyimddesi erganic ¢nCapglant, .a_rsﬂ&nmmamnta@azma 12 19;56.04
(aum . Page 20 RAPKA0Rw SHENR N\ RAGAAORALACRESIAN AL S reduce the .
comuni cati on { §Cessor and m)ry clrcuit. It will be
appreci at ed tch)aﬂucaing nesgesial. OTte mdwﬂdimé dies G0ars separaned ftdnetherdjaceyt syst em

contain an I C ccording t he . present nve tion 5 The above
descri ption r%‘?staa}? %BE?H\SH%P%?%%'&%E ?E%'{Hﬁ%tmgé Gt ?‘lﬂPq ustrate

enbodi nent s ofubbthife ﬂ&@&@&ichnwemtah@mbocﬁmﬁemw@moamé difostis mes, drawn to
an enlarges, sinplified scale to jllustrate the present invention. For

exanpl e, e Resfprmed '@emscluwealb’@gmshm gmpofiment, dicipgds perfomoohby n a greater

enl ar ges scal f%%% i ngl e substrate. The saw
10 streets arlg1 For ne asdglflrrewgl1 d?m 1§855|@F€b}§)‘8 tg‘iJ?éow nore dies to be forned
on a single subst rEigue 7E:@h@1fme@rrb0mnmfrl}ﬁ wgstcﬂte ’tGQeWhlhhmﬁgmlarrtcas or

apertures as ﬂ?rgﬁ{sh%gh&%ﬁ' J?X')gc%éts% ¢ s 13 saV| frels éwRﬁCkage’ €g.. a

chip profile. a S|g |can ngs rs achi eved by
produci ng a sitedckt toaokespendingeaces T sﬂommsmg.ns TAf Aisldeschibédhegdin,vi al are

determ ned_by the size_qf the nechani cal ters,used.to formthe partial
Cuts in ena S ereds ass RrueP GIRRGRoni ) THEIMEHEORALATGT ( ne bl ade
maki ng the cumrdulghhbﬁsﬁattﬂ@ma&aec7mmm&@&tﬁémmc?®§esmﬁcpl mension (e.g.
| ength). The width_ of a blade making the cut in the substrate back surface

2U det er ni nestréansht fethe Highied spbodaneyt, somp hendpadsnz30Bage pejipysitiensd di nensi ons
of the via cag.hgy H@Q%b@é{ﬁéﬁ 8h| TRR, &Qﬁawﬁﬁﬁ'ttﬁ{ c&ﬁ%tﬁgu@ﬁiﬁ&mﬁaﬁs an

enbodi nent, a dlnen5|on of the via 1s about O. I ques descri bed
herein provi d&08 dreenglesiso that thedand padlg senmieets tmtfdpﬁmlaet a2t fomekdtab pr oduce

t hrough vig| IRRL echni ques.

As a result6 ﬁs;l|tg)ace géaé\lf&l‘r%n(gloag\rﬁ%%ﬁhﬁ%%%&gm aclé%ﬁgen%?gl?s{lrate
according to 7¥e Tﬂm@bw& thermmunatecmo te fonﬂﬁiﬁﬁdﬂ.fé@hﬂﬁcﬁ&&ﬁhéb&hﬂrﬁ 19; 56; 04
(@Gwvrn), page 3

o a9e Pt b e B baed 2 B TR ah Spooipgein e Pec T L ne vl v

and 5 saw ng fd&h@dﬂebﬂﬁéﬁﬂldﬂﬁnélfack Renchat Bkough viabad7. thRs IRYniEmen t he
fabrication side and saw n“r%\ on the backside craoss each other to formthe

via. 2. The nB4mpRsgobbackitignehey or fyseuehivias dais half themymberofpgrd padat i on si de

i ncludes 3w 7, RN bmBadimedthal 5mh§t|ﬂd3€ss’ﬁ319fthart|3@tem%e sit@ofthe i€ Met hod of
claim1l1, wherein saw ng into the fabrication side includes saw ng through
over about haf§5 arpérmed etenasgleoThg wacesi¥1Brare ot pRipendiqudan daithofopc| ai m 1,
wherein sawi n ion side includes 15 sawi ng about

t hr ee- quarterger{ Etﬂ?h Jn(gtgéé(g the wafer. 5. The nethod of claim1,

wher ei n sawi ng theFlgabrelAcmbwomt@lpdnpécticé vide of s singgladie 805 that is

separated from a substrate, such as substrate 700 shown in Figure 7. The die 805
30 isdiced from the adjacent dies along both the saw streets in which a top trench
was formed and the saw streets in which a trench was not formed. Die 805 has a

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

13
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in saw streets in the wafer. 20 6. A nethod of creating a via through a
waf er, conprising: sawing into a fabrication side of the wafer using a saw

bl'lade; fTipping the wafer; and saw ng i nto a backside of the wafer using
the saw bl ade so that the sawing on the fabrication side and saw ng on the
backsi de cross each other to 25 formthe via. 7. The nethod of claim§6,

wherein sawing into the fahricatio I ncl ude abou

t hree- quart er ¥ "’tt § RqprshYe i 1?rh§‘t6\%sru§§trat63 agh ﬁl‘ﬁ%%gﬁ’&ﬁc%% cl ai m 6,
wher ein saWI Ngre bl eﬁamhlcﬁebmebﬁdkc&arfadaqxleydﬁmmvmmdsmsslawnstreets in the
waf er. 18664146160 2002-06-12 19: 56: 04 % , page 31 9. A nethod of
creati ng a vi embaimeninis Rackagrdusing e edgmenntagis §g2 tf%ﬁﬂF W@e$sih1©ﬁ%mf abrication
side of the s g k ate so that
t he saw ng onﬂlltp Jé’r’?ihgﬂ%gglogﬁx\g{éde gﬁ%@gﬁg%ﬁfmﬁgw% ?fgfcér 0ss each
ot her to f 6r nides@otdontairbactiQe cifcnis, megronnd lmfllmsasm@a,lly\pﬂmaedn asawi ng into the
fabrication si ncl.u awi.n out h |ck ess of the substrate.
11. The net ho%fnd%qd“BF’g’l ﬁ'fg“i\ﬁ'iré?c 82{3?&5\?% t‘ﬂ‘%?ﬂ“&‘ﬁ’ tq‘eaf B9 cati on side

i ncl udes 10 seutitdegs 3305 aighthe avk salFaid81 Nl grounbahé Bie BB RRciBlzed. 8 Ssubstrate.
12. The method of claim9, wherein sawing into the fabrication side

i ncl udes sawi HyemaRsimentithedic §0nisswitace mountef foadheby sphstietse Isybst rate. 15 13.
The method of ob i, thiRGhEd: Bfﬁe@mle&htegﬁ@zﬁflaane&@éqhmo fledRmbBcdsudes saw ng
in saw streets In the substrate. creating a via through a
subst r at e,10c opqndi pailn8p 0 i§ tapionky Oinm:@tfazt fsefmneéa!l ¢a9hbmkd1@ndf Intttés substrat e
using a saw b | | nt backsi de of
t he substrat eélﬁﬁsloﬁl}lmg‘? Jnleé)g&t c}](ijg%s %ﬁgpﬁ% S?%S‘Vj‘églm i rﬁ%o %brl cation
side and the p@i\mpaﬂmeomwdnema(fdnmedet mmséoﬁacmbankhencht&%famhm the via. 25
15. The met hod of ﬁﬁ%l m 14, wherein sawing into the fabrication side

i ncl udes sawi # 5 cfhree quarters the thickness of the substrate. 16.
The net hod of cI almgnirésa\&h@vﬂuapgmeaﬁvetﬁmBﬁﬁbtlﬁﬁémmnﬁéddefﬂhecl udes saw ng

in saw streets in the substrate. An integrated circuit fabrication
met hod, cdrprPETeRYinvERsion; E&Caﬁﬁlﬁteéijp%#@a bewwﬁ&%wéoma?tg??’%. de of a
substrate; The bond contacts 830B are not positioned directly above the 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 8§31B

20 are at an angle with respect to traces 831 and the back trenches 826. In this
embodiment, a back trench 826 is cut so that it passes directly beneath one bond
pad 830. One edge contact 832 is formed at each end of the back trench at both
edges of the die 805. The traces 831 are parallel to the back trench 826 and
connect bond pad 830 1o one edge contact at one edge of the die. The traces

25 831B are nonparallel to the back trench 826 and connect bond pad 830B to an
edge contact at the other edge of the die. The traces 831B are parallel to each
other. In this embodiment, the number of back trenches 826 is equal to half the
number of bond pads 830. Thus, the number of back trenches 826 that extend
under a single die 805, in an embodiment according to the present invention, is

30 in the range of equal to the number of bond pads 830, 830B to half the number of
bond pads 830, 830B.

14
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26 186B4146160 ZOOZ-06-i Z 19;56:04 (GMIN), page 3Z nechanically trenching
the first side of the substrate to format |east one first trench; and

mechanicalTy trenching a second side of the substrate to format |east one
second trench that crosses the first trench at an intersection, \Wereby the
S intersection forms a via fromthe first side to the second side. 18. The

nmet hod of claim 17 t her ing.filli the via wth a conductor.
19. The nethod of F*E:E“é?gﬁwsafdtﬁn? Eatéﬁﬁ’t’ﬂ‘rl‘?rsf?ﬂ’%d%%é ?"f"h’éﬂ{lﬁ@e onductor to
the 10 int egrlﬁtEﬁﬁdekﬁ&%ﬁmlx@vxe\;hﬁomﬁ@%gﬁfﬂ (Ghdht) Brfaée oMNGTARI gsEChani cal Iy

trenching the first side includes saw n e substrate 15 21. The net hod
of claim20, ingledesiaplurality ngswbﬁaatqmlstrs g 6ithpt gepformed apqosdingitoer medi at e a

plurality of r nmet hod of claim
17, wherein thgﬁlg%“rngﬁﬁ%tfob re ‘Atdttﬁ&m%@ thgﬁ%gg{(ﬁ €3 gtéast%f% DFA_ ?sd ubstrate

i ncl udes savmapgeawtcboghgmldlwt}ttbe back trknahst 926raemzige cﬂﬂac?s3932Tﬂ‘(he met hod of
claim17, wheje mechani cal | th sid t he substrate

i ncl udes saw‘{\bb&h‘é r%puﬁgxgtpté\feﬁ BRH ‘gfgﬁ I{nﬁgtyl Efi ﬁ'ﬁpg'ﬁm@ls Iatl‘s °T24. A met hod
for form ng tyuferiditing @ibeisation. Mosidle] foRdcale oq:mtt@tutismagty adglegiedosy a first

trench in a saw street of a substrate form ng giol urallt%/ of second
trenches in dshawasindiguss d aA%B%‘tat%EF%W%‘HdPﬁ%&“n?‘ﬁ dengdhesidesofdises i nt ersect

the first tre;tﬁhfotexatn@:nénsabsemﬁtdlxtayeretsaettérmegabcml es. 25. The method of
claim24, wherein formng the plurality of second trenches 30 includes

formng t he p| ur alBigyre &9 shoms apartion d Axhefdlindnelidingrencdeck side area of the
substrate. 27,4360 ha0 800 q 00 QBstrate adicaR ik babiBd ereRAFhidh

region has not been cut to form the back side trench 1026. It will be recognized

that this portion 1035 repeats itself to form a complete die, for example, die 905
as shown in Figure 9. Trench 1026 is a recess that has a closed interior surface
15 1036 defined by the removed, e.g., cut, volume of the substrate and sides 1037
defined by the uncut region of the substrate. Edge contacts 1032 are formed at
each end of the substrate portion 1035 aligned with and at the ends of the back
side trench 1026. The edge contacts 1032 do not extend into the trench 1026 but
include enough area to form a side contact. The back surface 1039 of the edge
20 contact 1032 is essentially coplanar with the trench interior surface 1036,
Figure 11 shows the Figure 10 die portion 1035 after further processing,
Die portion 1135 includes a back contact pad 1140 in the recessed trench 1126 in
physical and electrical contact with a back surface of the edge contact 1132, In
an embodiment, one contact pad 1140 is formed at each end of the trench 1126,
25 The contact pad 1140 is on a portion of the recessed trench interior surface 1136.
The back contact pad 1140 provides back contacts that electrically connect to the
bond pads (not shown in Figure 11) of the integrated circuit through edge
contacts 1132 and traces (not shown in Figure 11). The back contacts 1140 are
formed by depositing a conductor in the trench. In an embodiment, the back
30 surface of the substrate is masked then the conductor material is deposited in the
unmasked portions in the trench 1126 which correspond to the contact pads areas

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

15
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26, The nethod of claim 25, wherein formng the plurality of second
trenches includes formng a plurality of second trenches equal to a nunher

of bond pads on the substrate. 5 27. The nethod of claim 25, wherein
formng the plurality of second trenches includes formng a plurality of
second trenches that is |less than a nunber of bond pads on the substrate.
28. The neth er Ihgh t econd trenches
| U i ncl udes 1%] dleﬁ:&% !%}“%?t \S‘P‘%“gé Lg{egclé%%j (r%ecﬁéﬁfc?or{rﬁ}’e icl§a1equal to half
a nunber of b@&pdsxthadmmarei hahsedgs tordoes. 1129 andlinghysdabad cddetrivhini m 28, wherein
formng a plurali t{vwof s cond tregches ncl udes ert| a conductor at

each i nt er sectquAst 3‘??‘%“{3"&‘#0 PrEnbagk gentagts lﬂﬁb Lﬁ“zfm dmspt, second
trenches. 30. béEH%oﬁfEét@&@ el b?tlmd%%talmﬁdlﬁoh nﬁx%Tehi‘BQdﬁeﬁtO&‘éUCt or

includes formng a trace that connects a bond pad with at | éast one of the
conduct or s 5i ncanductivameatesiateqvers thexybgmte backarfaotandfis thabetchedtavay an

I ntegrated ci t I ng: providing a substrate that includes
at | east one %’%?}fgstfmdtﬁgég%crogﬁ id‘@w ce; forming a first trench in a first
direction on a fi rEgursﬂ@lehawsatHaeksxuwsfaad)mpnnZASmfng sabsarcefidr 4 rench in a
second direct on a seco of the bstr. that the second
trench crosseg“r@)‘fifen f’?erssé‘?g?ﬂg%%'hqf% ° RGN H%?ﬁ?%ﬁgﬁ% lguﬁeﬂl H €substrate from
the first si dporh&llilﬁlﬁcﬁ@db@%ﬂilsﬁ&tratam@ldr@ﬂﬁ[ hre Agjagencadipedied i n the through
via to forman electrical connection on both the first side and the second

side. 30 3% TVHia heBackireasnl 24P 3 The spRsrals perito\ZR inslpdenibe Besht r at e

i ncludes formng vitbdéledbd dofaef 1230 bRgeaWall sl bf fhe B8ndh. \HRESL Nt er medi ate
saw streets. 28 18664146160 2002-06-12 18;56;04 (GMIl, page 34 33. The

met hod of cl afeatagpl24ftefosned ireach @d@éﬂFWGn@lﬂﬂéﬁ r Bheupiraieddlesdrateor i ng
back surface 1242, which is upraised relative to both the trench 1226 and the

back contacts 1240 is subjected to back grinding to bring the back contacts 1240

15 into generally planar relationship to the substrate back surface 1242. That is, the
substrate regions adjacent the trench 1226 that were not cut are removed so that
the die has a back surface that is essentially flush with the back contacts 1240,

Figure 13A shows a top view of a finished dic 1305 according to the
present invention. Die 1305 includes a plurality of bond pads 1330 that are I/O

20  pads, which connect the integrated circuits internal to the die to external circuits
(not shown). A trace 1331 connects each bond pad 1330 to an edge contact
1332. The edge contacts 1332 include a portion on the top surface of the dic and
a portion on the side of the die extending from the die top surface to the die back
surface. In an embodiment, the die 1305 includes at least one upstanding,

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

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

the number of bond pads and traces in this embodiment.

16
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saw streets in the first direction, and wherein formng the first trench
includes formng the Frsl trench in the saw streets extending in the first

direction. 5 34. The nethod of claim 33, wherein form ng the second trench
i ncludes formng the second trench in a backside of the wafer beneath the
integrated circuits. 35. The nethod of claim 34) wherein providing the

substrate incl udes;, Ivfl] . 0 | £.S | f the wafer
and connecting thgl@gﬁig%%g%éq%%gpsggﬁggg gr&iakﬂfshged §lﬁ?%€§gﬁﬁl\7%§ 36. The
met hod of cl dnediu®S paiheficentactp it 392ithitary Aigned wittath ether and pbsitlesddi ci ng t he

substrate through the through via, 15.37. A nmethod.of forming contacts for
an integrat egPpBgs[ltEL‘f ges DEHWWQ ]s:":éhgonf)f’ f B .cgntggﬁgtcpgﬁe@t.ea}tq at | east one
integrated Cigogdphd 1530MHbieh Atracki1 8L thhtief6dalighed Wh fh@?:ﬁ bflgigef the
substrate; form hg a second trench in the back side of the substrate so

that the 29 sesentd 1332t othepakthe paihef contaets isccorneeted by atrasad331B ke ough vi a;
. . ! . t . Dot
Inserting a %%ﬁ&%%@gzﬁtoﬁethéggsc@?é%g@wY&l%et;S%uo%mtéc&ng‘#g%tséé fahgeontact on

both the top side an positioning a ad ‘6n"the top
side; and coremtots asigntahge bithdespat td the tdpe of thedieci308 andPwitBRspettwe net hod of

claim 37, wherejn | ti oni ng t.he bond d i.ncl ude ositiqning the bond
pad di rectly%érb%?fgqgig fé‘é{}&ﬂ’gﬁ’?“éﬂ% °n er\ﬁfqg?"éa}cﬂs @82%&1\1"36% he bond pad
to the condudott edgBCodfitBedie fl BUITITHG nBmbérag Backwhenees (ot Biviwalih 8iguted t he second
trench, on the_substrate, of claim 37, wherein

30 39. Th t hod
posi tioni by tIAB) drvs thaadhs Wbﬁﬂ%&b%gﬁg@i 13%9 rpiderrenBein d3Faate fsmedi rect | y
above the seGopghlh&stat 1e§dﬁﬁgméfcﬁ.ima%%mboéiﬁﬁﬁﬁléaféﬁ%é&t?éa&?m@ﬁgé@ 19: 56: 04

(GMr), page 35 connecting t bond pad to the conductor i1ncludes formng a
trace, whi ch angcentast/ 1822 atisechsrnd ohthe freeghic iccerdinglyeths ntrwberaf back

trenches formed in die 1305 is equal to half the number of bond pads 1330,
Figure 14 shows a back view of a finished die 1405 according to the
15 present invention. Die 1405 includes a plurality of edge contacts 1432 that
extend from the die top surface to the die back surface. A plurality of back
contacts 1440 are connected to the plurality of edge contacts 1432, Each edge
contact 1432 is connected to one back contact 1440. Thus, the die 1405 includes
contacts on the die top surface, die edge surface and the die back surface. One
20 back contact 1440 is formed at each end of back trench 1426, In an embodiment,
a contact 1450 is positioned on at least one back contact 1440. In an
embodiment, contact 1450 is a solder ball. In an embodiment, each back contact
1440 has a contact 1450 thereon,
Figure 15 shows a die stack 1555 that includes a plurality of dies 1505
25 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 thc memory capacity over a
single die 1505. The contacts 1550 connect an upper die’s subsirate 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

17
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40. A nmethod of formng contacts for an integrated circuit, conprising: 5
providing a substrate with at | east one integrated circuit; formng a first

trench in the top side of the substrate; formng a second trench in the
back side of the substrate so that the second trench crosses the first
trench to forma through via; inserting a conductor in the through via to
extend fromthe to I de t 10 back ,side;, positioning a bond pad on the
top side; coﬁﬁ&%ﬁeﬁdﬁﬁ ‘Fd'lg S‘B@h‘fﬁgé\%‘“}%‘?ﬂf’é Clé%"ﬁto(ﬂ@tsgwn)a%e ﬁ’&cﬁ{“ﬁ a back side
contact, whi e 1505GRMMERLFErE 05 hidGtsComadE 1 330, fred frop@nftkhghothbe second
trench. 15 41. The nethod of claim40, wherein formng the first trench

i ncl udes meckniO4 5 anerakadipent.Klese epntastsde SR Fonnpd ﬂsqm%errsacbtqw a depth that
s at |east o BEabiTh6IRERD. Thud e RUISHS BhmeABHlalieSOub e i ckness
of the substp%%e{emlti g‘gcu4g. Tﬁe lrﬁre?ﬁ%d of cl e}?m 41,g%\/\ﬂtgr e?‘?lth%o m ng the second
t rench i nct udesk srefabasliovathk dies to conmegted e adjzreht désdachthatitheedigsthek rate to a

9D, 1AL 1953 bR Bl SRR A A L,

t he t hi cknes S at e m con s for an
i nt egr at ed cith€stadk, 1560 aid ths corgact23 50 irmermdding adjasambdies. dhanwi t h at | east one

integrated circuit; formn first trench in the top, si.de of the
substrate; f °ﬂ6"°§t’§8'&t6ﬁglfsééFFC‘F?nVﬁEeﬁﬁgﬂ‘tPé%W@Fﬂ@“g@att}ﬁée SWstrate so
that the secqpshik/ieNdRight. OSSTotid afsirall stabk BAEH tHaOisfeQJeﬂﬁa@lF\;ftlk'HsQHQh_ vi a;
inserting a conductor in the through via to extend fromthe top side to the

30 back si @ie;OfﬁhﬁsthickJéﬁﬁmgfﬁle@i?ﬁélﬂgdn ahembpdimers, the bask cemertel®®Png t he bond
pad to the coRgiet Bk ik 1o $REAFGIEPHAP ImOB sirfendd: 56: 04 (GMN), page 36
Figure 16 shows two wafers 1600, the top wafer being inverted relative to

the bottom wafer such that the active device side or surface of the wafers 1600
face each other. Thus, the active device regions of dies 1605 of both wafers

15 1600 face each other. While not shown in Figure 16 for reasons of clarity, each
die 1605 includes bonding pads and traces that interconnect the bonding pads to
edge contacts formed in through vias according to the teachings of the present
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 electrigally and physically connected to one die of the other
wafer. Each wafer 1600 includes a plurality of through vias that are filled with a
conductive material, thus the integrated circuits of each die 1605 is electrically
accessible through the conductive material in the through vias. In an

25 embodiment, the trough via connections form a portion of the edge contact. In
an embodiment, back contacts as described herein are connected to the edge
contacts. Thus, the back surface of at least one of the wafers 1600 is adapted to
connected to an external circuit. Accordingly, the present invention provides
contacts and connections to the dies through the vias formed according to the

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

of at least one of the wafers 1600.
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formng a back side contact, which is connected to the conductor, at one
end of the second trench; and backarindi ng the back side of the substrate

so chat the back side is essentially coplanar to the back side contact. 5
44. The nethod of claim43, wherein formng the first trench includes
mechanically cutting the top side of the substrate to a depth that is at

| east half the thickness of the substrate and | ess than the thickness of
the substrate. 10 Iy ‘I.m’_lsﬁﬁcoﬁﬁ'?ﬁﬁ‘aat&'s(\ﬂ‘@iﬂ?ﬁ Hope %@?ﬁﬁn‘rlmeﬂ}l%‘% he second
trench incl udggndtemaand Gaferd/1 00 idgether Byithed afethodd i waifto bhCofuiishr ate to a
depth that is at |least half the thickness of the substrate and | ess than

t he t hi cknesshotrtt Fe caermelerthe wafersd 600519ad thedits an efcharadernara sonnggied ei n
provi di ng thqjgsag%&g,@éepq?é&giﬂggﬁkﬂr oviding 15 a nenory device. 47. A nethod
u

of formng a strat evel package of two integrated circuit devices,
conpri sings provi diagembddiment, at ldasttone dEthe weferadionq iscsupjlectedtoittagk of fir st

integrated circyit 2 evi c separ at ed streets; formng first trenches
in.the st reetgbrmgwgéo © ”:"H‘g‘ﬁ%?a eﬁ%cc?rﬁ}ngt?ggm&gesaf ‘%Seo;f“?ed’rr?ﬁeﬁg second

trenches on tileenkiag kBhiglaweés thh@ntdctsFornted B torfuctiveandtdial infthethsegrnd trenches
and first trenches intersect to.f rmthés?fq%h vias fromthe side to the

. , to
backsi de of t¥# otbpekcoaipptsforaed in the treneh Ade be & Gicdhack %Ffai"‘rﬁfgh% he through

vias to formgentimt Salh 16608 1HP, (Rd Witedi®do EifraGInEddR its AGHINECt i NG t he
conductor to at |east one of the plurality of first integrated circuit

devi ces; pP O\Aiwuhgﬁdaﬁt%‘écond substrate including a plurality of second
o 20 L LR ) A R RRTLL s . STt 19
of i ntegr at edrdiaed sadh thid vhedeisrconmedted facing dies remain joined togther. Thus,
the individual units each include two dies, one die from each of the two wafers.
The external circuit is connected to these individual units at the edge contacts in
15 an embodiment. In an embodiment, the external circuit is connected to these
individual units at the back contacts,

Figure 17A shows a cross-sectional, partial view of substrate stack that
has two substrates 1700. The cross-section is taken generally along vertically-
aligned, back side trenches 1726 of the two stacked substrate 1700. Each

20 substrate 1700 includes at least two die 1705. The two die of the top substrate
are positioned directly above the two dic 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 dics at the bottom are formed on the same substrate
and the dies at the top are formed on the same substrate. The non-active side
trenches cross the active side trenches 1716 at intersections to form through

30 Tholes 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

19
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186641461 60 2002-06-12 19;56: 04 (GMIN, page 37 separating connected pairs
of the connected first integrated circuit devices and second integrated

circuit devices fromthe other pairs of connected first integrated circuit
devi ces and second integrated circuit devices. 5 4A. The nethod of claim
47, wherein providing a second substrate includes formng third trenches in

the streets on_.a top. Si f th econd.substrate: f ' ourth trenches
on the bac ksiva‘ém(%#ly @F%e‘gg%n@rﬁ%ssﬁ@ta? a’t’eert 1957 ¢ 151%&63 ?‘Ficees ??ﬁr 3"’9051 4t our t h

trenches int er73@et ndnQactiod siddsldf e @bnriettad, verieayt dlignddaRessli7os pioQidehe backsi de
of the second substrate; 10 inserting a conductor into the through vial to
f or m cont act <oBRECHARS tp S edRrcHit (et fBowRe ksi de: and connecting t he

conductor Lo at | gske PPslsbRbsPldlfiala) binial viaw 6POMlkdd pghat ed ciroul t

devices. 15 49. The nethod o alm erein foamng the third trench
i ncl udes f r rdengralihdonghlined 7Br BBt Figureal Tde okl livé 1 9R-47B lgeekallyhe t hi ckness of

the second s t . rei ' aurth.trenches,.incl udes
formng the #gﬁé‘%%ctly%ﬁg%“%&%g%é@é ﬁ"g‘f" ?g‘\)}é?@?%?t S ﬁléclhttﬁf'%l?ﬁg-]slg of the
second subst raa¢ eertiéllyalignedhe net hod of claim 49, wherein formng the fourth

trenches includes form a pluraljty of fourth, kr hes beneath at | east
one of the secondf#f® 8’6aéferséqﬁ“p%ﬁl?ﬁ'iue‘éssr?"ogflﬁﬂ A figkedf ¢l ai m 50,

wherein the figyktbid tof SiebeBhalsCihk atRBlareadsf Rtwoldi€aiBlAQE: @fe Cl ai m 47,
wherein formng the first trench includes formng thefirst trench to a

dept h of &Qeranhier. Fhedwe HieciBR& st jejneditngetifer psdiscyprisd ebavedn a walr wher ei n
of over hal f PRoT T ErRenens B dAe Ry U OB Ao SRR B Do of
cl ai m 52, wherafenthémthabettpm Hie 18@% Ftuntthejovied svaferscdreidiesd theeparang a plural ity
o 3o, GRS el P L hERARR I 80 BEREE 10100
t he plural it ybeofeendlondies 1808 andars sdpatated Suheh thetjbised diessdre §epaarth from
15 the adjacent dies. The vias 1827 are filed with a conductive material such that
the vias with conductive material for interconnection between the two, joined die
1805. The vias 1827 filled with conductive material further define edgé contacts
and back contacts that connect the stacked dies 1805 to external circuits (not
shown).
20 Figure 19 shows a top view of a package 1970 according to the present
invention. The package 1970 includes one of a die, die stack, or wafer stack that
includes back contacts 1940. The die is encapsualted in a protective case that
seals the active area from the environment. Connectors 1972 extend through the
protective case and electrically contact the back contacts 1940. Connectors 1972
25 further connect to leads 1974 that allow the package 1970 to connect to external
circuits, which include address and data buses and control circuits.
A method for fabricating a wafer level package according to an
embodiment of the present invention includes fabricating an active area on a
substrate. The active area includes integrated circuits. In an embodiment, the
30 integrated circuits form memory devices. In an embodiment, the integrated
circuits perform logic functions or processor tasks. In an embodiment, the active

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

20
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54. The nmethod of claim53, wherein the second trenches are linear. 5 55.
The nmet hod of claim47) wherein connecting the plurality of second

integrated circuit devices to the first plurality of integrated circuit
devices includes aligning dies in the first substrate with dies in the
second substrate and connecting bond pads of the die on the first substrate
to bond pads of ,the die on 10.the.secaond substrate. 56.. The nethod of
clam S5 whebastitEe pirar et BihEEo SE RN e SHET MU s Rl T o1

i ntegrated cig Bt diredon RESmaNEhcha®d Retfy. IMhe gorbaive edgichdiof thdevi ces i ncl udes
simul taneously_ dicing the first substrate and the seconﬂbsubstrate into 15

pairs of di esSubsizate: gensrdlyhrnetidhe intestatnd qrawar dies areparglipsdde 57, The

met hod of ¢l agoh Bbn-a¥hRIsRk Br GRRAREENS Kel1e Bl M eRbbdithert 2 PRE@AFLA Nt egrat ed
circuit devices to the first plurality of integrated circuit ‘devices

i ncl udes backayid indhanpntastve TeginrsPifthe sybsteiasse madedo forn 4 plaraadnd substrat e.
20 S 8. A met,0od Ale GO Plidfes? V@l’répestglé %ﬁg lm?(}! frlgr%cﬂgsﬁ%ﬂ%n-gétiv%‘éﬁ | nt egr at ed

circuit devices, conprising: provi strate |ncFuding a
plurality of tkénchds intemect tepaarafomtiedthraiizh emt & the hubstrdte. SThesk #asoughicl udi ng bond
pads on an act.ive S'iddﬁ of bhgvﬁubﬁhr te andd25.traces connected to the bond
pads: for ni ng'ify ReYIde PRt biehwhep flledyith a pandyelivg mafarialprawideys (he fir st
substrate; fodofitad8 cn®eMNHe 4dti0E aBOSuTiteloh the Ratskate dfd BE nbictiver St substrate
so that the second trenches and first trenches intersect to formthrough

vi al fromlPhelbadk) swifage of he sehstrtfacksi de of the first substrate; 30 inserting

a conductor into thAgLdrHlsQUdHResVdr@sdab@bik PR RN 2 Gaf Bﬂ side and the
backsi de; 33  18E64146160 2002- Rab et S i & ey Vel aS"eatgg connect i ng

t he conduct ordeseritgd hersins tSucnéevires inhldbimdividuald€ nackages, sometinfest he traces;
prov 9119 2 S5 USSR AaL! b thpdEagay | 10 VI
electronic systems, Individual IC packages include a die having an individual
15 pattern, typically rectangular, on a substrate that contains circuitry, or integrated
circuit devices, to perform a specific function, such as memory functions, logic
functions, and address functions. A semiconductor wafer will typicallj' contain a
repeated pattern of such dies containing the same functionality. The individual
IC package includes structures of the present invention or is manufactured
20 according to the methods of the present invention. The individual IC package, in-
an embodiment, further contains additional circuitry to extend to such complex
devices as a monolithic processor with 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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5 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 connected first
integrated circuit devices and second integrated circuit devices. 10 59.

The met hod of cl gqi m 58, wherein form ng. second trenches on the backsi de
el udee s or rACHETOIBAR s PRGN SHET L a1t Tar e Y CreBe oF BOPRIEL ot hod of

clai m 59, wheheéntioh OBk & ek dnipfes D€ & Bifchitt eI IRSudeHhnsi9 folifled, QEVIENY t he
second trenches essenti al Ié per pendi cul ar to respective ones of the through
By

vias. 6l. Thedrinetshpeivamadules rommunispiignanedems,pipeegsor meddlesaddd tr enches
[ | ud \: it 1 d [ : t :8.:.20 62. Th
I ncl udes mc%@}l@%ﬂo%%\éﬁ&‘rﬁé dA@CfﬁGdﬁé%%ﬁ'n%&Jlu&e%lﬁlgﬁ? hétithip e

met hod of cl al , erein provid g the first su at e | ncl udes
provi di ng & vmbdreshhhentgcuit podnleis; in yn ehboedamentya sibedinepent®8a vatety met hod of

cl aam 58, V\/neéle'ln r.QVi gcl ng a secglgggyggi?svtsr.%tgcilﬂ@oudes 25 providing a
plurality of SIS “%efjﬁpﬁ‘?% a2 ok QeliE°% es i ncl udi ng
bond pads on @npaedr] pesosidldiata@bsistdig, a8 actomabidd) BS indasdttal a06trol €Bes] ahr aces
connected to the bond pads; formng third trenches in the streets on a top
side of the s%fqufﬂa‘@t%‘g’f?aﬁ}@;c"?‘ﬁ? e PaiA YaRew o fatextddinghe backsi de of

the second sufglhainGnd Qodpidiito 3} dikd@rdvitlinghuAngrd epbilafrdlr enches intersect to
formthrough vias fromthe top side to the backside of the second

subst r at e1034commgpedion gabernrolz- OB- 12 19; 56; 04 (GMT), page 40 inserting a
The top si do and Te ames o R e R bkl A g the
conduct or of ¢dnirsenatiple snemry Kt devices ait suppars theowmberf oftIG adevices
generally depending upon the desired bus width and the desire for parity. The
memory module accepts a command signal from an external controller (not
15 shown) on a command link and provides for data input and data output on data
links. The command link and data links are connected to leads extending from
the support. The memory module and/or the dies that constitute at least part of
the memory module include structures of the present invention or are formed
according to methods of the present invention.
20 Electronic systems include one or more circuit modules. An electronic
system generally contains a user interface that communicates with an electronic
unit, that processes or stores electrical information. The user interface provides a
user of the electronic system with some form of control or observation of the
results of the electronic unit, Some examples of user interface include the
25 keyboard, pointing device, monitor or printer of a personal computer; the tuning
dial, display or speakers of a radio; the ignition swiich, 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 qutputs to user
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bond pads of the second substrate using the second traces. 5 64. The net hod
of claim®63, wherein 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. 10 65. The
met hod of claimb3, wherein the plurality of second integrated circuit
devices to the first plurality of integrated circuit devices includes
epnnect i ng t HatleHsdonf @thepmiqriatien sither Iemegrpmmed d0, 9 AMCTIMEHSs of the second
Substrate. 6 ; [ g\gﬁ; ' ] trenches on

t he backsi deqy{%v-{?%ctpﬁhggg?%ﬁnrﬁqﬁg' ?2 cs)t?fﬂ%lﬁ t gﬁéﬂ%@ﬂ%@@rlgglo‘g?hﬁﬁﬁ eFsespect Ive
traces of thersdoshogisnhdtctane.sydem is]meanreptboditheof, assbaatad 68h certedr ei n f or mi ng
the fourth trenches includes formng.the fourth trenches essentially

bor pendi cul ariGTE SREPEER (R i alinsR b bR TR e second
substr at e. 5 6&iserifiRrfagd Mpwlilfe ppratintedthat th eliccdrindre tifduitigodutee id ther t h trenches
I ncl udes nechanically cutting the backside of the second substrate. 25 69.

The method ofSlElamfmsEtem aiavnlachd By d ¥inglf miserdied drnidmye b i ncl udes

provi ding a vahgemBa¥inest, theRlebtirdHid dy¥tefis FRIMREMpARNT TG Jargel Glecodi®t hod Of
formng a substrate |evel package of two integrated circuit devices,

conpri si ng: 30stpmoV willidpo e ppprediated ithattat deast oppief thelmegiory modwles] i ty of first

i ntegrated ci; ' ' nar S ) 1 trenches in
the ot reots dAINS sHRMEERCAARRAS HE Pt ie Rt ¢ BERM Waktyln s 0

2002- 06- 120 19n&8bod34c{dEliig to thapesedflinbantionng second trenches on the backsi de
of the first substyat eigson_\ﬁyhcgt tthg selﬁgtpd.tretnches and first enches
intersect to form‘ FMFERGEMIPHTRLRAT PREPSYEFEES E BPRD WERsi'88 of the
first substr ah@noryRgddnh indPides ¢h@ e theteQherhdty tnodtiles drdradtigioryicadrdlier. f or m

contacts on the top S side anﬁl t he backsi de; conri%c I ng the conductor to at
| east one of tHeEmEPRY Hodplss gach £oTHaIR opgqrapgre megpory IC devices. Inan

embodiment, at least one of memory devices includes structures according to the

15 present invention or is fabricated according to the present invention., The
memory controller provides and controls a bidirectional interface between
memory system and an external system bus. The memory system accepts a
command signal from the external bus and relays it to the one or more memory
modules on a command link. The memory system provides for data input and

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

Another specific embodiment of an electronic system as a computer
system. The computer system includes a processor and a memory system housed
in 2 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 interfacg components include, but are not limited to a
keyboard, a pointing device, a monitor, a printer and a bulk storage device. It
will be appreciated that other components are often associated with computer

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

computer system, in an embodiment, are incorporated on a single die or IC
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circuit devices; providing a second substrate including a plurality of
second individual integrated circuit devices separated by streets; 10

connecting the plurality of second integrated circuit devices to the first
plurality of integrated circuit devices; separating connected pairs of the
connected first int egrat ed circuit devi ces and second integrated circuit
devices fromth g rs f connected. fi Sle ¢ ntiﬁlat,eg{ grcwt devi ces
and second i nf% ?ggt ?%Eﬂ”f %:\lecé%smglungs ENCapSUTBTTHECHOPEPF of the

connect ed fi risdtwednltRgprat@ebrahd thdinientbey tifRitARGViB e appdedidédefistat RestCi rcui t
devi ce; and provi d| ng contacts to the pair of, the connected first

i ntegrated ci¢neft mwcewrawhggﬁtvﬁa/ ﬁyf'f‘?’éd?%{?@&“é? Paakrge (erliBg i t he
backsi de of F %g hf;, Py - 20 71. The nethod of claim 70, wherein
connecting inc ides a i gni ng the active side of the first substrate to the
active sidé of the1®eabovmﬁes¢rb¢mnmf@sto?f@lmcirdvevwwshbdxbsfrateslthatm 71, wherein
connectingth% o rallt ?s}erond |{1te‘%£ eﬂbmrcwt |ces tothefirst
plurality of PR @ %H"%o PHELL e Er Ry FudeEs ?:r8’n E‘teF’ng bond pads of
t he second su&&tvh@dﬁaérﬁar@@ndmpﬁﬂﬁi sodle tdigiuditateshe predeat n@értion.7Bor The net hod of

claim71, wherein connedt| n I;l plural] tgy of second jntegrated circuit

devi ces to t hEempies feﬁPﬁtsﬁf‘ist‘iP (SIFCSS'PR"H@‘P BYe 4 PRy YA 30 i ncl udes
connecting tragggeabalt NAusRERM dRURSHIRdEor Liddl &8s, TilaGadi r st subsi xate.
36 18664146160 2002- 06- 12 19: 56; 04 (GMI>, page 42 74. The method of G aim
71) whereilf c#resiserd fagnedas S@PUP%\PQSEWICG‘P aliow.wave digstebe forme ena cui t  devi ces
to the first 3411%1 g‘mh&yteof integrated circuit devices includes connecting

t he conductors the through vias of the second substrate to conductors in
the through vial of the first substEatdusids 75. A method for joining dies of
a first substrate a,second substra oviding a
plurality of fi rst’f}}f’fggm%ﬁhh% hrQ gﬁ)}'laggwpefmge?s’desc %pﬁiherf”f’%&‘péeﬁbst rate; 10
provi di ng a piuuawafeyleodl psﬂﬂgmd.gdlaempipﬁcffﬂé aTteadlispy sigificsnt §paed s on the

15 savings is achieved by producing a small package size. The dimensions of the

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

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

25 achieved in packaging a substrate according to the present invention.
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second substrate; formng through vias the first substrate; placing a
conductor in the through vial; connecting the conductor in the through vial

to integated circuits of the 15 first substrate;: form ng contacts on the
backsi de of the first substrate connected to the conductor; aligning the
saw streets of the first substrate with the saw streets of the second
substrate; 20 gonne ting.a first die, with a second die that is aligned
active side t0 ca‘é’f"f‘&'@“§ﬂﬂ’écc\/\'f'th the first die; and separating the connected
first die and second die froma renmai nder of the first and second
substrates. 25 76. The nethod of claim 75, wherein separating includes
cutting the firAtmethrd efsreatins avipdrough@valeroipiisBeal i gned saw streets. 77.

The method of cl aigﬁv&%inﬁéﬂ%ﬁ{c&i&@i&éﬂﬂréﬁﬁéﬁ‘gﬁs | aser cutting. 30 78. Z' he
nc

met hod of claim 76, erein cutting i udes cutting with a saw bl ade. 79.
The net hodSof cl ai sawitg intatachacksideod theiwaderiso tatitie savaug on thg fabiricstion water j et .

37 18664146160 = 06- - 26° 04 e 43 80. The nethod of claim
75, wherein f%gﬁnﬁﬁsgghn oolljlgﬁet\;]/al%ésg%cﬁ% %%é{go)d}e(r)g’?rilg%tgvai'rst trench in the saw

streets in a first direction and formng a plurality of second trenches on
t he backside of _fhe first substrate in, a.sego directjaon so that the first
trench intersé&cl e?lﬁ%"‘i%}cféﬂﬁ‘lﬂ” WEW@@W“@’?%&W&%@W%%@HCI ®4s. 5 81. The
met hod of cl aiiSPabonhieNBhothiRhéss BOthk bareki rst trench includes mechanical ly
cutting the saw streets. 82. The nethod of claim81l, wherein formng the

second trédfches includes 10 mechanically cutting the backside of the rust

bstrate di Jhe first di | ai m 80,
j\gefeirﬁ 1? or Im'r %’S%%%%?@gfgf%ﬁﬁpﬁg% E{';elc S'é“?lélg%(l)t? ﬁ%éﬁ%b %}dﬁg%ﬁg‘%@%g ea: rr?cl udes

f orm ng cont asawsng thraugh oveebad helf thedhidaiessid tigdvafdrthe nmet hod of cl ai m 83,

wherein form ng contacts includes backgrinding the first substrate to form

a back surface substantially planar to the contacts in the second trenches.
4. The method of claim 1, wherein sawing into the fabrication side includes

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

5. The method of claim 1, wherein sawing the fabrication side includes sg\;ving

in saw streets in the wafer,

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

25 form the via.

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

sawing about three-quarters the thickness of the wafer.

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

in saw streets in the wafer.
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20 85. A die, conprising: a substrate; an active area on the substrate; an
insulation |ayer on the active area; first and second bond pads on the

insulation layer and electrically 25 connected to the active area; a first
contact; a second contact; a first trace connecting the first bond pad to
the first contact; and a second trace connecting the second bond pad to the

second cont ac U ndtr e bein nparallel to the first trace.
86. The die oé él%%%@rea%?g?ﬂ“??@as%@sgﬁ% ?P&’E‘é“ﬁs coplanar with the
rrst trace. 38  156AnblidkhbRbrRefet i dfZhclRbhficdand GMI) , page 44 87. The die
of claim85, wherein the first trace is Ilnearl% aligned with the second

8§

contact and the fiya¥ingiaeiahecksidgef thesubstrpte spthat F?WIBHOHWQerel n the first
trace is enl Oﬂgﬁéaﬁonéldg%nd%; %jdnethpi)acﬁélaé dé%ﬁchvgf'fﬂr% R}B%%Jlé rst trace is

linearly aligned wth the contact an Irst pad. 90. The die
of claim89, wherein the first trace is enlongate. 10 91. The die of claim

85) wherein t [ . d ar.e _no ected. 92. The
die of claim gkg{léﬁnrggrtgﬁgc{n&f aér?@ é\}gmgrsggggﬁé h%ga%matmﬁesf%rlgﬁ'ﬁ%@l ce. 15 93.

The di e of cIaiwm@ﬂgoquthémidkhﬂsaﬁmemSamea i ncludes a nmenory device and a
| ogic device. 94. A die, conprising: 20 a substrate having a first edge and

a second edge oppasite the first edge; an active area on the substrate;
11. The method of claim 9, wherein sawing into the fabrication side includes

10 sawing through over about half the thickness of the substrate.

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

sawing about three-quarters the thickness of the substrate.

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

in saw streets in the substrate.

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

other to form the via.

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

sawing about three-quarters the thickness of the substrate.

16. The method of claim 14, wherein sawing the fabrication side includes
sawing in saw streets in the substrate.

30
17. An integrated circuit fabrication method, comprising:

forming an integrated circuit on a first side of a substrate;
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a first recess inthe first edge; a first contact in the first recess; a
second recess in the second edge; 25 a second contact in the second recess:;

a first bond pad on the substrate and electrically connected to the active
area; a second bond pad on the substrate and electrically connected to the
active area; 30 a first trace connecting the first bond pad to the first

Contact| 30 150BHURBIED Do Ba A RO RinfEakSat " G e o

clai m 94, whenrrgitrenéhiand i rst recess extends froma top surface of the
substrate to a back surface of the substrate. 96. The die of cl ai m 95,
wherein the first neshnially gsachings seoond-sidp af the srbsizate 5’0@"6?‘ least ofie substrat e
to the back sprdgeend mbiiosStiafd £r3l ifendPalalMiertlefic], WikAtby gRNNECT I ON LO the
active area can be nade from eith top surface or Y e back surface.

97. The di% ofteskctiomf@®s asiefrem thetflret sidertsthesenondsitle.i s open at the first
edge so that electrical connection to the active area can be nade fromthe
first edge. 10 98. A die, conprising: a substrate; a plurality of bond pads
on the subst rat §he sefodrodiblainy 1 Qffurfh@l canpising dillirgahsvie withheosdiak.r at e,

wherein a first contact of 15 the pairs is linearly aligned in a first
direction with a second contact of the pair and a first bond pad of the
plurality of joriie pReRA ofckhin 58, firiiRE oniRiRME ehhrRstidghBe édndsdtor@dfeact to the
first bond pad; and a second trace connecting a second bond pad of the
pluralltyl%f1@6&@“6&6@“&0 the second contact. 20 99. The die of claim 98,
wherein the first trace is linearly aligned wwth the first bond pad and the

first edge contact.
20. The method of claim 17, wherein mechanically trenching the first side

includes sawing the substrate.

15 21. The method of claim 20, wherein sawing includes sawing in saw streets

intermediate a plurality of integrated circuits in the substrate.

22. The method of claim 17, wherein mechanically trenching the second side of

the substrate includes sawing orthogonally to the first trench.

20
23. The method of claim 17, wherein mechanically trenching the second side of
the substrate includes sawing the substrate beneath the integrated circuit.
24. A method for forming through holes in a substrate, comprising:

25 forming a first trench in a saw street of a substrate;

forming a plurality of second trenches in a backside of a substrate so that

the second trenches intersect the first trench to form a plurality of through holes.
25. The method of claim 24, wherein forming the plurality of second trenches

30 includes forming the plurality of second trenches beneath the active area of the

substrate.
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100. The die of claim99, wherein the second bond pad is offset fromthe
frst 25 bond pad in a second direction that is different than the first

direction. 101. The die of claim 100, wherein the plurality of pairs of
contacts include edge contacts. 30 102. The die of claim 101, wherein the
plurality of pairs of contacts include back cont acts 40 18664146160

2002- 06-12 19; 0 a 6 10 d|e 102, wherein the
plurality of a?l;h§ el(lhggl@rgfla?&’ ggﬂﬂﬁ*’l}ag‘”r‘? cPrln‘frgctP'é) Seﬁﬁn frenches

. AF. AY. A3. A. AnéiirfesAbrmAngh pmraﬁt)ﬁof%coﬁd&&oﬁes%qﬁhl té\b néihbeilof PorifladA . Al . Al . AY(.
A AF. Al . AF. A Al AY. Al . AY(. Al . AY. Al . AY. AYa. DF] &p+{'yS
9MRzupkf a\ W c"a’]té'af‘@é]r%‘&] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] c”a] ca]ca]ca]ca]calc
a] ca] ca] ca] ca] c™a] ca] ca] ca] c™a] ca] ca] ca! e9#kK27e7( <(k(++/0
000001| wr rrhc"\?] ] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc

a] ca] ca] ca} c % dihe MethdodFlann é ]Vda}@a]ocramz uralpty op sepandBr ARy’ 454} 44455+6y

66q97| 77 @0gH] calcalcalc
a] ga] cal ca] c!a]q%g]% fw ?%l? a?@ [fﬁ]: fr@lln? 1f%s§l rg%%gi&%ﬁ]hh: ]hhh] ]

i niij Ak{kkl elpadsromihenbstmted Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal n' ooappgXawa} qaf { 6{
o| | }} A~~~6M BHWQW xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] z] MR ntsmldacdf eRlrs 2k Gtlefain Eoding]the1€alitydY decond trenches

| M'gX| DYz, { <} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] calJcalJcalc
a] ca] ca] cé{)cap%la]l@a']”@a]l&h]%lﬁf]é&])éﬁff@&%TE"&]’}&&}@&'S R Bvdmig@

O xsnid_Z]]] £4a4.cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca Z| ca| cg% ca%ca] ca! 71 Ke_c8U. b9Q{ vql gb] X] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] c*a] ca] ca]

ca] ca] cal [ caJca]ca]ca]c
a] I:a] I:a] cg]eca% c?]%'%ﬁg] ca]'ZjaL.}‘ 2?(} ca &?TO% %]p }lﬁg}){;&l&@tﬁ%b??] $1 Y} Ls n} d ]Z]
]]1ca] ca] ca] ca]xda@«sa:]aeﬁ]nga]coac]m@]- etadaclainteadectainad fled]rataiendt] ad]thba] ca] ca] ca] ca] c
ajcalcalc ; c‘Ja{ !i Ok @g ! YEﬁ 5] % 2xDgOv} xsni d_Z]]]ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal g f ]"i ¥4f%a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
veddP3$] -

c) n9}xsn| d_Z] ca] caj] ca] ca)] ca] ca].ca] ca] ca] ca] ca] cal.ca] ca]fca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ¢} cAF s € 4 a%%%a’]@ﬁ’c’alﬁ%“i’g a conguctoriingludes forming a

@rs ' >} xsni d_gk} haal fabaal 6ol Saharlsabradiam] calisals ] el cal cal ca] ca] ca] c
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30 32. The method of claim 31, wherein providing the substrate includes forming a

plurality of integrated circuits on a wafer intermediate saw streets.
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36. The method of claim 35, wherein providing the substrate includes dicing the
substrate through the through via.
15
37. A method of forming contacts for an integrated circuit, comprising:
providing a substratc with at least one integrated circuit;
forming a first trench in the top side of the substrate;
forming a second trench in the back side of the substrate so that the
20 second trench crosses the first trench to form a through via;
inserting a conductor in the through via to form an electrical contact on
bath the top side and the back side;
positioning a bond pad on the top side; and
connecting the bond pad to the conductor.
25
38. The method of claim 37, wherein positioning the bond pad 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
parallel to the second trench, on the substrate,
30
39. The method of claim 37, wherein positioning the bond pad includes

positioning the bond pad not directly above the second trench, and wherein
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positioning a bond pad on the top side;

connecting the bond pad to the conductor; and
forming a back side contact, which is connected to the conductor, at one
end of the second trench.
15
41, The method of claim 40, wherein forming the first trench includes
mechanically cutting the top side of the substrate to a depth that is at least half
the thickness of the substrate and less than the thickness of the substrate.

20 42, The method of claim 41, wherein forming the second trench includes
mechanically cutting the back side of the substrate to a depth that is at least half
the thickness of the substrate and less than the thickness of the substrate.

43. A method of forming contacts for an integrated circuit, comprising:
25 providing a substrate with at least one integrated circuit;
forming a first trench in the top side of the substrate;
forming a second trench in the back side of the substrate so that the
second trench crosses the first trench to form a through via;
inserting a conductor in the through via to extend from the top side to the
30 Dback side;
positioning a bond pad on the top side;

connecting the bond pad to the conductor;
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10 45. The method of claim 44, wherein forming the second trench includes

mechanically cutting the back side of the substrate to a depth that is at least half
the thickness of the substrate and less than the thickness of the substrate.

46. The method of claim 45, wherein providing the substrate includes providing

15 a memory device.

47. A method of forming a substrate level package of two integrated circuit
devices, comprising:
providing a first substrate including a plurality of first integrated circuit
20 devices separated by streets;
forming first trenches in the streets on a top side of the first substrate;
forming second trenches on the backside of the first substrate so that the
second trenches and first trenches intersect to form through vias from the top
side to the backside of the first substrate;
25 inserting a conductor into the through vias to form contacts on the top
side and the backside;
connecting the conductor to at least one of the plurality of first integrated
circuit devices;
providing a second substrate including a plurality of second individual
30 integrated circuit devices separated by streets;
connecting the plurality of second integrated circuit devices to the first

plurality of integrated circuit devices; and
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forming fourth trenches on the backside of the second substrate so that

the third and fourth trenches intersect to form through vias from the top side to
the backside of the second substrate;
10 inserting a conductor into the through vias to form contacts on the top
side and the backside; and
connecting the conductor to at least one of the plurality of second

integrated circuit devices.

15 49. The method of claim 48, 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.

20  50. The method of claim 49, wherein forming the fourth trenches includes
forming a plurality of fourth trenches beneath at least one of the second

integrated circuit devices.

51. The method of claim 50, wherein the fourth trenches are linear.

25
52. The method of claim 47, wherein forming the first trench includes forming
the first trench to a depth of over half the thickness of the first substrate, and
wherein forming the sccond trenches includes forming the second trench to a
depth of over half the thickness of the first substrate.

30
53. The method of claim 52, wherein fonming the second trenches includes

forming a plurality of second trenches beneath at least one of the second
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connecting bond pads of the die on the first substrate to bond pads of the die on

10 the second substrate.

56. The method of claim 55, wherein separating connected pairs of the
connected first integrated circuit devices and second integrated circuit deévices
includes simultaneously dicing the first substrate and the second substrate into

15 pairs of dies that are connected at the respective bond pads.

57. The method of claim 56, wherein connecting the plurality of second
integrated circuit devices to the first plurality of integrated circuit devices
includes backgrinding the joined first substrate and the second substrate.
20
58. A method of forming a substrate level package of two integrated circuit
devices, comprising:
providing a first substrate including a plurality of first dies separated by
streets, the first dies including bond pads on an active side of the substrate and
25 traces connected to the bond pads;
forming first trenches in the streets on a top side of the first substrate;
forming second trenches on the backside of the first substrate so that the
second trenches and first trenches intersect to form through vias from the top
side to the backside of the first substrate;
30 inserting a conductor into the through vias to form contacts on the top

side and the backside;
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integrated circuit devices separated by streets;
5 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.
10
59. The method of claim 58, wherein forming second trenches on the backside

includes forming second trenches parallel to traces.

60. The method of claim 59, wherein forming the second trenches includes
15 forming the second trenches essentially perpendicular to respective ones of the

through vias.

61. The method of claim 60, wherein forming the second trenches includes

mechanically cutting the backside of the substrate.

20
62. The method of claim 58, wherein providing the first substrate includes
providing a wafer having a plurality of memory devices.
63. The method of claim 58, wherein providing a second substrate includes

25 providing a plurality of second dies separated by streets, the second dies

including bond pads on an active side of the second substrate and second traces
connected to the bond pads;
forming third trenches in the streets on a top side of the second substrate;
forming fourth trenches on the backside of the second substrate so that
30 the third and fourth trenches intersect to form through vias from the top side to
the backside of the second substrate;
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inserting a conductor into the through vias of the second substrate to form

contacts on the top side and the backside of 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.

64. The method of claim 63, wherein 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.

65. The method of claim 63, 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.

66. The method of claim 63, wherein forming fourth trenches on the backside
includes forming fourth trenches parallel (o respective traces of the second

substrate.

67. The method of claim 63, wherein forming the fourth trenches includes
forming the fourth trenches essentially perpendicular to respective ones of the

through vias of the second substrate.

68. The method of claim 67, wherein forming the fourth trenches includes

mechanically cutting the backside of the second substrate.

69. The method of claim 63, wherein providing the second substrate includes

providing a wafer having a plurality of memory devices.

70. A method of forming a substrate level package of two integrated circuit
devices, comprising:

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

forming first trenches in the streets on a top side of the first substrate;
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5 side and the backside;
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;
10 connecting the plurality of second integrated circuit devices to the first
plurality of integrated circuit devices;
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;
15 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 backside of one of the pair.

20 71. The method of claim 70, wherein connecting includes aligning the active

side of the first substrate to the active side of the second substrate.

72. The method of claim 71, wherein connecting the plurality of second
integrated circuit devices to the first plurality of integrated circuit devices
25 includes connecting bond pads of the second substrate to bond pads of the first

substrate,
73. The method of claim 71, wherein connecting the plurality of second

integrated circuit devices to the first plurality of integrated circuit devices

30 includes connecting traces of the second substrate to traces of the first subsirate.
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5

75. A method for joining dies of a first substrate to dies of a second substrate,
comprising:
providing a plurality of first dies separated by saw streets on the first
substrate;
10 providing a plurality of second dies separated by saw streets on the
second substrate;
forming through vias the first substrate;
placing a conductor in the through vias;
connecting the conductor in the through vias to integrated circuits of the
15 first substrate;
forming contacts on the backside of the first substrate connected to the
conductor; ‘
aligning the saw streets of the first substrate with the saw streets of the
second substrate;
20 connecting a first die with a second die that is aligned active side to
active side with the first die; and
separating the connected first die and sccond die from a remainder of the

first and second substrates.

25 76. The method of claim 75, wherein separating includes cutting the first and

second substrates along the aligned saw streets.
77. The method of claim 76, wherein cutting includes lascr gutting,
30 78. The method of claim 76, wherein cutting includes cutting with a saw blade.

79. The method of claim 76, wherein cutting includes cutting with a water jet.
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5

81. The method of claim 80, wherein forming the first trench includes

mechanically cutting the saw streets.

82. The method of claim 81, wherein forming the second trenches includes
10 mechanically cutting the backside of the first substrate directly beneath the first

dies.

83. The method of claim 80, wherein forming contacts on the backside of the
first substrate includes forming contacts in the second trenches.

15 |
84. The method of claim 83, wherein forming contacts includes backgrinding
the {irst substrate to form a back surface substantially planar to the contacts in

the second trenches.

20 85. A die, comprising:
a substrate;
an active area on the substrate;
an insulation layer on the active area;
first and second bond pads on the insulation layer and electrically
25 connected to the active ares;
a first contact;
a second contact;
a first trace connecting the first bond pad to the first contact; and
a second trace connecting the second bond pad to the second contact, the

30 second trace being nonparallel to the first trace.

86. The die of claim 85, wherein the second trace is coplanar with the first trace.
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89. The die of claim 85, wherein the first trace is linearly aligned with the first
contact and the first bond pad.

90. The die of claim 89, wherein the first trace is enlongate.

10
91. The die of claim 85, wherein the first trace and the second trace are not
connected.
92. The die of claim 85, wherein the active area includes a memory device.
15
93. The die of claim 85, wherein the active arca includes a memory device and a
logic device.
94. A die, comprising:
20 a substrate having a first edge and a second edge opposite the first edge;
an active area on the substrate;
a first recess in the first edge;
a first contact in the first recess;
a second recess in the second edge;
25 a second contact in the second recess;
a first bond pad on the substrate and electrically connected to the active
area;
a second bond pad on the substrate and electrically connected to the
active area;
30 a first trace connecting the first bond pad to the first contact; and

a second trace connecting the second bond pad to the second contact.
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electncal connection to the active area can be made from the first edge.

10
98. A die, comprising:
a substrate;
a plurality of bond pads on the substrate;
a plurality of pairs of contacts on the substrate, wherein a first contact of
15 the pairs is linearly aligned in a first direction with a second contact of the pair
and a first bond pad of the plurality of bond pads;
a first trace connecting the first contact to the first bond pad; and
a second trace connecting a second bond pad of the plurality of bond pads
to the second contact.
20
99. The die of claim 98, wherein the first trace is linearly aligned with the first
bond pad and the first edge contact.

100, The die of claim 99, wherein the second bond pad is offset from the first

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

101. The die of claim 100, wherein the plurality of pairs of contacts include

edge contacts.

30 102. The dic of claim 101, wherein the plurality of pairs of contacts include

back contacts.
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103. The die of claim 102, wherein the plurality of pairs of contacts include top

contacts.
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