METHOD FOR PACKAGQ NG CI RCUI TS AND PACKAGED CI RCU TS Technical Field The
.present invention relates generally to circuit packaging, and in particular
to apparatus and net hods for packaging integrated circuits. Background,
Wafers are fabricated with a plurality of dies each having a plurality of
integrated circuit elenents therein. A die represents one individual chip
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si de of t letchdd eto thediagk side of the substrate, exposing a portion of the active region
contact. An interconnect is formed on the opening sidewall to connect the active
region contact with a die contact pad on the backside surface of the substrate. The
active region contact preferably spans a boundary hetween two die, with the opening
preferably etched across the boundary to permit irter-connects on opposing sidewalls
of the opening to each contact the active region contact within different die,
connecting the active region contact to die contact pads on different dice. The dice are
then separated along the boundary, through the active region contact which becomes
two separate active region contacts. By forming a shared contact opening spanning
two dice, the backside contact is formed around the die edge and the backside surface
area necessary for the contact opening is minimized. The backside contact allows
direct placement of the integrated circuit die on contacts within the packaging, such as
a ball grid array, eliminating the need for wire bonds. The need for a pad etch through
passivation material overlying active devices on the front side of the die is also
eliminated, and no mask levels are added for the devices formed on the front side.

For the reasons stated above, for other reasons stated below, and for other
reasons which will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a need in the art for an improved
electronic component package and methods of packaging electronic components.
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ot her reasons which will becone apparent to those skilled in the art upon
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the functionality of the present invention to a multi-chip module. Dice are fixedto a

substrate, for example, as described above and further described below. The gaps

between the die are filled with an insulator. In an embodiment, the insulator is a rigid

material, when cured, to assist in the mechanical strength of the multi-chip module. In

an embodiment, terminals in the substrate are electrically connected to provide inter-

chip electrical communication. This expands the functionality of the multi-chip

module. In an embodiment, the dice in the multi-chip module each include an

integrated circuit memory. In an embodiment, a first die includes an integrated circuit

memory and a second di¢ includes an integrated circuit. In an embodiment, the

second die includes a processor. In an embodiment, the second die includes logic

circuits,

An embodiment of the present invention includes fixing an active device

substrate that has a plurality of dice to a base substrate. Electrical communication

lines are formed between the die and respective package level terminals or pads on the

base substrate. The backside of the base substrate remote from the active device

substrate is removed to expose the package level
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an enbodi ment, termnals in the substrate are electrically connected to
‘orovide inter- chip electrical comrunication. This expands the functionality
of the multi-chip nodule. In an enbodinment, the dice in the nmulti-chip
nodul e each include an integrated circuit nmenory. In an enbodinent, a first
die includes an integrated circuit nenory and a second die includes an

i nt egrat ed clerounats, The dage aserbrpdiatesivith itheespentive pdrtdnefitmchasdes a processor.
In an enbodi nent, th econd di e includes | ogi circuits, An enbodi nent of
thepresent TEREHET BiR RUREMBE I g en parsoss Balsmaaeslb& r ate that has a
plurality of, b&(ﬁm%gt,Qtﬁ#faéé’@fsﬁléﬁs%suﬁt 264 s O Hed ST @RBGLONM 44 NES are
formed between the die and respective package level termnals or pads on the
base subst r atgebodient) deksindeingfthd huwekiids ef hubaia aberdteimiries baol t he active
device substrate is renoved to expose the package |evel 2 termnals. The

di ce are 3epaindiegthribess substrateshest anodiaet spaxsfing e degsiacludeost rat e, whi ch
at | east part.ia i B¢l udes, package;level, term.nals. | n__.enbodi nent, a
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enbodi ment, ¢di@esiRRYhdMIdk TemBAE k sbistRicBle trhe RARQ 15p/B&Id pdefianke udes back 5
grinding the base substrate. In an enbodi nent, separating the dice includes

si ngul at i on, alpog thexsadepiféhe dip to eewact ajpackage davisbiginmat. | Infapremibogdine¢rdct ri cal
connections jncludes formng a conductive trgce froma top bond pad of a die
al ong the si h’g 0871‘9‘{%33 ﬁia‘ée ’tsgm?,:‘??ﬁt patmga]plgéﬁ’gg@%%\?chefser mnal. In an

enbodi meqp, the Rﬁr&ﬁ}b%ﬁin’{&ft bgﬁl%%rés%mfiﬁ{;%@n@yd@ec@a%'a ddl'h?ﬁjb&'ier-' buti on

process. 10 An enbodi nent o e present Invention Is rected to a
chi p-scal e- pakhkgigs ngtheeltihddding dixudy tvg substiane tbpahaulbdtfomaiies cleogebher and

fo§| ng electrical, contacts between active devices on the two substrates.

| n_gn enbodi PRIMCTS beiweeneptivggeacassinythe 840 gdeHatehcnmeabyiaenli they of dice
that contain i {0 oy i -di . S ated to
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coating the top surface of the second substrate with _ an adhesive and curing
t he adhedpPvediegnd plongiie Hdesor dhaspaskescatle ap smpRdimgng,ixing the two

subsirates together includes coating the top surface of the second substrate with
an adhesive and curing the adhesive to fix the second substrate on the first
substrate. In an embodiment, the first substrate is placed on the adhesive layer
such that the saw streets of the first substrate align with the saw streets of the

20  second substrate. In an embodiment, a plurality of through apertures are formed
in the aligned first and second saw streets. The electrical connections from the
first dice on the first substrate are formed through the through apertures to the

_,) second dice on the second substrate. In an embodiment, forming electrical

connections from the first dice on the first substrate to the second dice on the

25  second substrate includes routing a conductive trace from a first bond pad on an
active device surface of the first substrate to a second bond pad on an active
device surface of the second substrate through the through aperture. In an
embodiment, singulating dice includes mechanically cutting the saw streets. In
an embodiment, singulating dice includes lazing the saw streets. In an

30 embodiment, cutting the saw streets includes partially cutting the electrical

connection in the through apertures such that a portion of the electrical
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substrate. In an enbodi nent, the first substrate is placed on the adhesive
‘layer such that the saw streets of the first substrate. align with the saw
streets of the 20 second substrate. In an enbodinment, a plurality of through
apertures are formed in the aligned first and second saw streets. The

el ectrical connections fromthe first dice on the first substrate are

f or med t hr oughnedientiheepeshfiaiheoughrapsrturs remeinDwicellofitheeicradjdsentsecond
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enbodi ment, singulating dice includes nmechanically cutting the saw streets.
In an enbodPFERes a8d/AHeEHtERg W sav cE oA R ultng anleprf meatdepst enterddet s. In an
30 enbodi merﬁ_lé cut%_iegﬁ the saw streets includes partially cutting the

el ectrical CoRned ?_ 1inTthe thriough apertures such that” a portion of the
el ectrical 3 connggbb@hehf? A fAREdcht HvEhiQUARLEPBERHE BofROBASHeM th each of

the dice adjacent the through ‘aperture. In an enbodi nent, form ng
el ectrical cdmmectlé parkaganiolautisker shbstrdtegualets alcicnidbesdi Abkewtiprgalet | east one

metal froma gyoup consistin sentially of co r and al uminum In an
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i nclude gyt tdinde dckMbhg it s dreRS4ic4RE aPlhe 1eifinARRIrBLE Gk -sublihadi ment s of
the present invention Turther include connecting the chip-scale package to
a further substraTk: mesdnt ayedtian dlsuincludesnthstrdthe wdiep; mtataed gamiktage of an

enbQdi ment of the present invention includes contacts at the top 10 of the
dite,) al ong thEXagacclentrieal devires, MsRoRY deviees: B MORAYALS) Bemody Medile substrat e.
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packages, electrica vVice ménory devi ces, nenor ) ry nodul es,
el ectrical stspessent igesmpohers, which include a chip-scal e- package according
to the gr esent invention. 15 These and ot her enbodi nents, aspects,

advant agé3, and fEiasgepd ober gpkodimenisesfpostmadrnantegesyind fegaresdf theor th i n part

in the desc rﬂr@éejn?ﬂw\émi&ﬂvh%é &%drﬂlaiﬂqaaiﬂn the description which follows, and in

part will become apparent to those skilled in the art by reference to the following

description of the invention and referenced drawings or by practice of the
invention. The aspects, advantages, and features of the invention are realized
20 and attained by means of the instrumentalities, procedures, and combinations

particularly pointed out in the appended claims.

) Brief Description of the Drawings

Figure 1 1s a flow chart of a method according to an embodiment of the
25 present invention.
Figure 2 is a plan view of a substrate during a method step according to
the teachings of the present invention.

Figure 3 is a cross-sectional view taken generally along line 3-3 of Figure

30 Figure 4 is a further cross-sectional view after s further method step

according to the teachings of the present invention.



part will becone apparent to those skilled in the art by reference to the
“following description of the invention and referenced draw ngs or by
practice of the invention. The aspects, advantages, and features of the
invention are realized 20 and attained by neans of the instrunmentalities,

procedures, and ations |cularl ointed out in th appended
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along line 3-3 of Figure 2. 30 Figure 4 is a further cross-sectional view
after s further nethod step according to the teachings of the present
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cross-secti ongtriyhew. t aken generally along line 6-6 of F| gure 5. 5 Figure 7
is an enlarged cross-sectional view taken generally along line 7- 7 of
Figure 5. Figure }B'glius 8ais ercoss-ssdioniloneaw of dewnpé methodrtepaacodingdost ep

according to s of .the.present invention. Figure 9 is a
cross-sect i Oth%{ea 1Rgs %é}hﬁaqusﬂjé“a"eﬁ%&hod step according to 10 the teachings
of the present a8 F GUESiohd Viw Bf BRAFSa BREJIQND! ack8eab during a
nmet hod step accopﬁ?ﬂg ac Se tegp%idgs o? ?ﬁ%apresengﬁﬁﬁven?%on Figure 11
IS a cross- shekmdmagsmﬁhmmnﬁmdmmwngma nmet hod step according to a nulti-chip

package of the present invention. 15 Figure 12 is a cross-sectional view of
during a nethod sltlé‘pfed@dé?df"rﬁ@'sffélontlt’r’ée"i‘rﬂf fRigg meted sisgeceeBedPng to the

t ?iﬁh' ngs Oft_h& E%clﬂftgssmhe bf"a\ég“tﬂtlﬁ\%ﬂtlon.

Figure 11 is a cross-sectional view of during a method step according to a
multi-chip package of the present invention.
15 Figure 12 is a cross-sectional view of during a method step according to
the multi-chip package according to the teachings of the present invention.
Figure 13 is a cross-sectional view of an electrical system according to
the teachings of the presentinvention.
Figure 14 is a flow chart of a method according to an embodiment of the
20  present invention.
Figure 15 is an elevational view of an embodiment of the present
invention.
) Figure 16 is a fragmentary top view after a step according to an
embodiment of the present invention.
25 Figure 17 is a fragmentary top view after a step according to an
embodiment of the present invention.
Figure 18 is a cross-sectional view taken generally along line 18-18 of
Figure 17.
Figure 19 is a schematic view of a die stack according to the embodiment

30 shown in Figures 15-18.



Figure 13 is a cross-sectional view of an electrical systemaccording to the
teachi ngs of the present invention. Figure 14 is a flow chart of a nethod
according to an enbodi nent of the 20 present invention. Figure 15 is an

el evational view of an enbodi nent of the present invention. Figure 16 is a

fragnentary top view aft.er a st .accor di to an enbodi nent qf. the present
i nvention. 25 Fi guPECrry 1f & VY ?ggmtép?/é'ﬂ‘gﬁc?ﬁrawgé?l?%teﬁé@fg@p??géecordi ng to
an enbodi "BIIS}Ese?ﬁirvaﬁidhr.esent invention. Figure 18 is a cross-sectional view
taken generally along line 18-18 of Figure 17. Figure 19 is a schematic
view of a die st afkguaddas diemgoftaomtineryambddi meodrdin@toshowaclimgsofghe es 15- 18.
5 Figure 20 is a view of a circuit nodule according to the teachings of the
present invelfESSHINVERGre 21 is view of a menory nodul e according to the

t eachi ngscof the & i o) i i V| . | ectronic
system ac?:or di ng 151%{ “t%ﬁ%q% glé’ci%flﬁ%ésn %?Ct%tn@e%g{egls%ﬁ%? }dilﬁgté)r;[b ?#ﬁgﬁlﬁ%ﬁfe 23 is a
view of an embeeisemntveatioan el ectroni c system according to the teachings of
the present invention. Figure 24 is a view of a conputer system according to
t he teachi ngs of FigaretPds presvent an enleodiment. of Batekiciredichesiem aseordmeof t he
Enbodi nment s thi tgee 1f.oI lcﬁ‘ 'wn}gr detail ed description ofthe enbodi nents,

ref erence isoqlr% PR He 88%3}"1’)7}1 %n'dravm' ngs which forma part hereof,
and in which is fauehoweakewela &Smpiltbiksttetdcehrddfeei the ?ea@rﬂﬁ%éjdfne_nt s in

whi ch the inventions may be practiced. These enbodinents are described in
suffici e détprdsentoneméibhe those skilled in the art to practice the
invention, and it is to be understood that

O Detailed Description of the Embodiments

In the following detailed description of the embodiments, reference is
made to the accompanying drawings which fcrm a part hereof, and in which is
15 shown by way of illustration specific embodiments in which the inventions may
be practiced. These embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is to be understood that
other embodiments may be utilized and that process, electrical or mechanical
changes may be made without departing from the scope of the present invention.
20 The terms wafer and substrate used in the following description include any base
semiconductor structure. Both are to be understood as including
silicon-on-sapphire (SOS) technology, silicon-on-insulator (SOI) technology,
) thin film transistor (TFT) technology, doped and undoped semiconductors,
gpitaxial layers of a silicon supported by a base semiconductor structure, as well
25  as other semiconductor structures well known to one skilled in the art. The
following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended claims
and their equivalents. |
The present description uses the relative terms “top” and “back” when
30 referring to the substrate on which integrated circuits are formed. The term

“top™ herein refers to the surface on which the layers that form an active



.other enbodi ments nay be utilized and that process, electrical or nmechanical
changes may be nmade wi t hout departing fromthe scope of the present
invention. 20 The ternms wafer and substrate used in the foll ow ng
description include any base sem conductor structure. Both are to be

under stood as_includin silicon-on-sapphjre (S0S),technol ogy,
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on which the |ayers that form an active 6 |n%29rated circuit structure are
f abri cat ed. {Fimeed er atopomicite disr eibsratefldils (e tyeof a wpstoate ofa wher.substrat e

beneath the urfafce. on whi.ch acti.ve cirb]% it stryctures are fabricated.
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waf er | evel packagi ng that achieves a ch sca package. A plurality of
di es ar el0 f appBchton spedibpiseyritad eirafitsa Methsdyrdatees iholide €3xd dnjype of a
substrate is a wafer. The wafer is crystalline_silicon in an enbodi nent.
Each di e i ndNEM®Y, Q1a5uE rapdom; aceess manaly taicurrdaiy agcessmgmaBior y devi ce,

oh di e i népuHeR, K et ESTETBory devi ce,
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menory device could be a _synchronous nenory devi ce such as SGRAM

( Synchr onousA@espMeErRafBBmM ARrebwnyenByymic Sordnm (‘Seasiylemens. Dynani c
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-as Synchlink or Rambus DRAMs and other emerging memory technologies as
known in the art. Such active devices are tested to identify and remove faulty
active devices from further fabrication and to identify possible error-inducing
fabrication processes, 103.' The dice are singulated from each other, 105. Inan
20 embodiment, the testing occurs at the wafer level prior to singulation. The dice
identified as good dice are selected and ready for further fabrication and/or

packaging.

w

A base substrate is formed separately from the active die substrate. The
base substrate 1s adapted to provide electrical communication terminals for the
25 active dice in a wafer leve] package. The base substrate is composed of a non-
conductive material. In an embodiment, the base substrate is crystalline silicon.
In an embodiment, the base substrate is a wafer. Package level terminals are
formed on a top surface of the base substrate, 107. Such package level terminals
are patterned, discrete conductive pads. In an embodiment, the package level
30 terminals are formed of a metal. In an embodiment, the metal is copper. In an

embodiment, the metal is aluminum. If electrical communication is required



known in the art. Such active devices are tested to identify and renove
"faulty active devices fromfurther fabrication and to identify possible
error-inducing fabrication processes, 103. The dice are singulated from
each ot her, 105 In an 20 enbodi msnt the testing occurs at the wafer |evel
prior to si i.d fled as pd dice are sel ected and
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provi de el ectrical comuni cation t active dice in a

waf er | evel packadbie tof berfivese tleiase EL&i‘s&aﬂes‘ mtadosﬁlda@ﬁdlﬁsﬁem dorducti ve
material. In an enbodi nent, the base substrate is crystalline silicon. 1In
an enbodi merin emliding othe aghasivgriesnia C‘aatW?a?léFhe brag RBgEate depsurfase-rdthal s are

f d t f o b ck | |
fored o Loy e, IS SR BHIBALP o O o AR 1
package | evetx3thiéLsfPaidhmincah€ adiRERR %&fodeasc f%ﬁ %hntlﬁ@ agdlcEp@stigrent, the

nmetal is copper. In an enbodiment, the metal is alumnum If eI ectrical 7

communi cat i okhe alhegyeinchides f?p@enmﬁe(ﬁl)tlhanpaﬂnbé@mﬂt eVbt adlesive madlgdest hen
conductive lines or H}y acei 3{3? for on the base substrate between the
package | evel P@PRiclpbuiene B ‘%Iglif?dé‘ﬂ?face of the base substrate is
coated wi th an adfgshifladddic; bt piataeRRBHEPE) thol MReAHEIL EbAFPI N COAL ed
on the base substrate top surf acéJ an enbodi nent, c] ve is
pattern tbatedr tr fableagpdse] wunitatal 3.t Dipe aliefiacs. cu&cbtmmmediqaabter ning the

adhesi ve i nctg ude screen printing and jet. ‘[1)I’I nting. The adhesive includes a
pol ymi de ( PIthe PasesHbeEaio B smbotRRets Mhdd i/édheﬁwma%@mgé%%é?m obut ene

(BOy) 0 an EROIEL (06300 216068 REFunbakedoand gilgeed on the

| ayer gener al’l feve ermnal’s, 113. The

adhesi ve is pudkag léfblfdr?huﬁdlte Tt &, the pablf@eb@&ﬂc&hh&lsf@it@d dd‘ﬂw@ldl)GTTbOdl ment
with the adhesi ve coveri ngt the p acki}g dl evel termnals, the adhesive is
e

renoved fron¥@udhe Rotnrahst thy diforilive hasie tbﬁék&@é?enéﬂibf‘hetfbﬁﬁfﬁal s. That
Is, the P?Cklg%?g %‘éﬁ# fq@dt@e@;o%é%% Hm%%tfh ettﬁrrbﬁ gromthe footprint of the

di e. Thus dhes Beneat is at 15 | east partiall y
renoved to exposeCendvefivd Biesafe fofRed 66 tﬁainput/output pads of the dice to the
package level terminals, 115. The die input/output pads are on the top surface.
The conductive lines extend outwardly from the die input/output pads and down
the side of the die through the adhesive layer to physically and electrically
20  contact the package level terminals. In an embodiment, the conductive lines
include castellation lines. In an embodiment, the conductive lines are formed by
a redistribution layer process. The redistribution layer process includes blanket
) depostting a metal redistribution layer on the die and on at least the package
level terminals of the base substrate. Next, a radiant sensitive film, such as a wet
25  film resist, or a dry film resist, is blanket deposited on the redistribution layer.
The radiant sensitive filin 1s then exposed to a radiant source, e.g., a light source
or laser, to the pattern of conductor lines. Development of the exposed radiant
sensitive film forms a mask that can be used td etch the'pattern of conductor
lines. Such an etching process is known in the art as a "subtractive” process. An

30 “additive” process could also be used where the mask is patterned and then the

conductor for the redistribution layer is deposited in the spaces in the mask. The



Conductive lines are formed fromthe input/output pads of the dice to the
package level termnals, 115. The die input/output pads are on the top
surface. The conductive |ines extend outwardly fromthe die input/output
pads and down the side of the die through the adhesive |ayer to physically
and el ectricall 0 contact. the package |level termnals. In an enbodi nent,
t he conductili‘}‘ésqulﬁeaély CIOH@I‘WH@I% P qlﬁﬁf}fcll Hsa rempveds IABodi nent, the

conductive |ifgssiaes:, iR Fadudie n?at%?ﬂ iﬂgithé %ﬁduegvé YR s RORESS fiy anl NE
es bl

redi stribution |ayer process iInclu anket epositing a neta

redi stri but i @anbddayent, tre hétel wicladesbpper. dh al. eadbbdinteat, phckapeincheléel term nal s
of the base substrate. Next, a radiant sensitive fihn, such as a wet 25 film
resist, or aalwmylw-| mresist, is blanket deposited on the redistribution

| ayer. The radiapt, s i 4] faldmis then exposed { radi ant .source,

e.g., a I?ght sou]‘rillcaé1 e%g?c’dltng}sé ro,fﬂtlecp IF?'FQE Blglte lt]téorﬂr:’)l aé’fm lbtﬁtﬁ’%g Ore FveL.

. Devel opnent jefnelilg iRXBRRAHbEAM RNbrm SeM8litdembide) SedBnaesk that can be
used to etch the pattern of conductor |lines. Such an etching process is

known i n t hemadule ancreases thstfaationslgy of theordisiduandis O Fbnekdiply diffgemcess coul d
al so be used_wher he sk Ls patt.erne nd then the copductor for the
redi stri but i ¥Ry %fﬁ@ﬁegfaé%’&‘g??% nd fetrﬁg dgfb%]cthgrquﬁl"f:ﬁ‘grﬂ%‘g%m? @& 8 mask and
any conduct i \eicBichltl 8F prdBesshiE alB flenoty HBGRes! AHR\EHS bdtedlthe QTENGMI Ment, the
conductive ma ecri al forpthee conductilvozyl %kﬁezs IS gggrset al ? In]ean enbodi nment ,

t he et ali0i nthe bdsssuboipge rre filledagittearhochcomhictivé inetenmet, d117.0 Mhisunesaseal um num 5

I n an enbodi nent gf the préfent invention, a plurality of the die remain
j oi ned on t h&eEesaanigylsiengthof the mytirghap mekle. chi p nodul e. Such a mul ti-chip

~ dul e i t e f uneti.anak ity die. F
Sl s, G t1eront t {gReRegt ot BERIBR! ol EASALANRAIL OUF (TS o (e

mul ti-chi p npgbide 90tHe kase subeghte. The badksRleqrf Y NLESRTratedn bRy Y devi ces.
The gaps between the die on 10 the base substrate are filled with a
non- conduct i V& faeaosa the begk of thgipackage degh sminajie whichifam peraiected femgt h of t he

R T e TN I
substrate i sweesmireeichinkliocds®caxiosed thech adbaeksidd of praebgetd gvel
termnals, which are connected to a
form a thinned substrate. For thinning by wet etching, an etchant solution
containing a mixture of KOH (Potassium Hydroxide)} and H,O can be utilized.
A one to one solution at a temperature of about 60 degrees to 80 degrees C. will
20 etch monocrystalline silicon at an etch rate of about 300 to 800 angtroms/min.
Another wet etching process can be performed using an isotropic etch of HNO,
and HF producing an etch rate of 55-60 pm/min. A dry etch process with an
j etchant such as a species of chlorine can also be utilized. In this case, the etch
rate will be much slower than specified above. Alternately, thinning can be
25 performed using chemical mechanical polishing (CMP). CMP includes a
mechanical pad and a silica based slurry composition to back polish or back
grind the substrate without chemical etching. The back surface of the package
level terminals are now exposed.
A very thin sliver of the base substrate remains connecting the package

30 level terminals to each other. This remaining base substrate sliver is cut to

singulate the wafer level packages, 121, which include a die and a portion of the



15 di e input/output pad through the conductive lines. In an enbodi nent,
‘either a wet or dry etching process can be used to etch the backside of the
substrate to forma thinned substrate. For thinning by wet etching, an
etchant solution containing a mxture of KOH (Potassium Hydroxi de) and H20

can be utilized. . A one .to one | uti on at tenperature of abqc..t 60
degrees to 8PRSGSHPTRL E@fiwmnsfg RARKAgS %vce?%@g}? ﬁ'ﬁ%"g‘ip{a&@@ﬁé}g}t‘i 13n etch
rate of abouf; rWR:T0T0N | fes i et ' s can be
per f or med us%lﬁg‘ggtr?ai gotr(g%?%}glgéciﬁé%qmﬁi\l&?ﬁ an dﬁ@&f%ﬁ‘??‘ﬁg“gﬁﬁgﬁh rate of
55- 60 snf m nplufaldy yf dit cdmpn ceeder v fonmanmuletdiyantodaicchatassiagdpiedi es of

chlorine can_also be utilized. In.this case, the etch rate will be nuch
sl ower than g’B@c‘?th"r’réﬂde asireotheyrpdichinemedulehi nni ng can be 25 performed using

chem cal s co IR 40P E ST o,

silica baSed slurry comnposi fe substrate

wi thout chemueaktagieahd BGurthbRelebasiic Hivef 828 Ohe e oPslekd@fc bdseel termnals

are now exposed. A very thin sliver of the base substrate remains connecting
t he package ciBoul koaed suchrsh P4IR Tle exposedatahkage lavel termanmdd it ng base substrate

i i t. to si late th f I . 121, which includ
die'and a porierebr PHetel e dinS: risf 6 Ll FRGRON SIS MARE package | evel
termnals. E@l%&r&ﬁ@ﬁ@sg.e%ﬂi&nbédim%hﬁ‘ﬂ’lré's@ﬁ%%@atéd&@o}ﬂﬁd@-fcﬁxgrm&ﬁﬁga‘&ed dies in

an enbodiment. In an enbodinent, a plurality of die remain together to form

a nul ti-dRi pfiretiv efutthert elecropioigst asieg surfacomammhechutlegyand/ or ot her
multi-chip nodules, 5 an enbodj nent, the singulated djie or singulated
mul ti-chip nodul _e?lguéerirs _“fsaaoﬂr’ig‘&l_‘”ﬁﬁ’. Oft WY HEFIE FtF%?ngO-b‘%%k,‘o“il?S. ne
LR ¢! CoeQblrat DAT ALl Syer, BN Gl PRy SHERUER ol el Ao OS o
package |l evel termnals are efectrica connected to conductors, such as
| ai d patt er nswafsr. thglufality dfdnputetuemitoobowd fpris 202 ke @nthe ndyodirfreandf t he
singulated die or, multi-chip nmodule are 10 fixed to a further electronic

base using stheriagdidvalme thatarheaglve davifsr andarsHpuRedopiha SukA@t of an active
deuice 243t oai orgille om0 AIRCOHIR) 1R BBy pateiry, hovever
i nput / out put bétter biduptraeans pi2beht atvention.t evill 6p r&vbhiae®that the bond pads
202 are typically much smaller and greater in number with respect to the
substrate 200. An array of bond pads 204 define an attachment location 206 for
a die. The bond pad array 204 provides the external, backside connections for an
20 attached die. Conductive traces 208 are formed in the substrate 200 between
certain bond pads 202 in an embodiment. The traces 208 provide electrical
i communication lines between bond pad arrays, e.g., trace 208B connecting a pad
\) in array 204B to a pad in array 204C, trace 208C connecting a pad in array 204C
to a pad in array 204D, and trace 208E connecting a pad in array 204D to a pad
25 inarray 204E. The traces 208 can also connect pads with an array, e.g., trace
208D connecting two pad's together in array 204D.
Figure 3 shows a cross sectional view of substrate 200 taken generally
along line 3-3 of Figure 2. A base layer 210 is provided. In an embodimeht, the
base layer is a bare wafer. In an embodiment, the base layer is formed of

30 monocrystalline silicon. A plurality of conductive bond pads 202 are formed on

the top surface of the substrate 210. In an embodiment, the bond pads 202

10



the individual die that include active devices and are forned on the
substrate 15 200. Figure 2 shows a schematic representation of the position
of pads 202 to better illustrate the present invention. It will be
recogni zed that the bond pads 202 are typically nuch smal | er and greater in

nurber with [RAREGheLO 1h3F o RIS, B0 5 A0 AT gl DY pads 204 def ne

an attachnent I on a die array 04 provides the

external , baekbbdithesINESIridqads helcopper? T hattbae @dl-zdlz%e Eégﬂﬂa@él& e traces 208
are for rred in the substrate 200 betagben certa?n bond pads 202 )?/n an

enbodi nent . THelativapeeR03! lpriovingmbeldinent balinsubdvernmaltarad isoliddnnes bet ween
bond pad arrays tra con ad. 9 in ar 204B to a pad
in array 204%y qﬂagg‘eé faﬁﬁﬁgg ﬁg’ﬁ 288%1::53? @Y@iﬁw ftilcf'%a pad in array
204D, and st r aagoARRE: SRR hffﬁ&ﬁﬂ?@?lahﬁhé’crjra%é %Q%Qll@lpa@smdar 25 in array
204E. The traces 208 ‘can al so connect pads Wltf‘l an array, e.g., trace 208D
. cannecti ng tﬁmnpdd_?lanegahgdte_nm sanfaca)?. 120448y nBlude cleendcslhnweshaaical oss secti onal

vi ew of substrate 200 taken generally along line 3-3 of Figure 2. A base
| ayer 210 i sPPiS¥&ed. In an enbodi nent, the base layer is a bare wafer. In

an embodi ment. ¢ e, RASE AGVEL b, LoraRe 0l PaiupecsupLaLld ARys | con A

plurality of condu orrre e top surface of the

substrate 21froctdd s&gb @m@@leﬁﬁiﬁﬁnvehth@l banddpase 122 210 id depotietal dthal . 1 n an
enbodi ment, the bon ads are alum num In an enbodi nent, the bond pads are

copper. THHe Bofscpads h@@dlﬁtﬁé/eé@fﬁa%‘% @oﬁpbymﬂ\“?dsfm wbbtvaie A0.eThal 211. In an
enbodi nent, the insula ye nat dio top surface 212
of substrate® %6“’6 ayggggnf? “afi veﬁﬁ]ﬁﬂlrfa?% gzgr}g %ﬁ%&ﬁ%ﬁmﬁ?he top surface
212—) s pl anandizeile déyep inchits B@B@nﬁ@éjSh%rﬂf&lnn&ﬁ”ﬂh@ﬂdhé%ﬁ@]ﬁyérz' ng the, top
face 212 may include chem cal -nmechanical polishing. Figure 4 shows a

cross sect i ohgludgs bwﬂ@ﬁY@QﬁbE@nea(B@BZOQHalﬁﬁmbOéllﬁmlt,ﬁmdlleﬁlwgé%’ssZHEp of the
present invent esi ve deposi t ed | 10 surface
D5 The adnBtioid S9n AT For e sl e uardafiiReionaetl su0fe e adneoi ve
llayer 214scoyge §dﬁé§ﬁie‘?5§e'r9?4 SOM1A BE Battdlded b pAMiRAHEARAL . the C) adhesive
| ayer includes a polymde. In an enbodi nent, the adhedive |ayer

Figure 5 shows a fragmentary plan view of substrate 200 after a further
process step. A plurality of die 215, which include active devices such as
integrated circuits, are fixed to the attachment locations 206 by adhesive layer
214 to form a dice/substrate assembly 220. Each die 215 includes a plurality of

20  die bond pads 217 on top of the die and in electrical communication with the -
active devices in the die. The die bond pads 217 provide electrical contacts for

the active devices and elecirical circuits outside the die.

Q

Referring now to Figures 6 and 7, Figure 6 shows a cross sectional view
taken generally along line 6-6 in Figure 5. F:gure 7 shows a cross sectional view
25  taken generally along lin 7-7 of Figure 5 and with an increased scale. Figures 6
and 7 show the assembly 220 of dice 215 with the base substrate 200. The dice
215 are pressed onto the adhesive layer 214. Adhesive layer 214 is cured to fix
the diée 215 to the base substrate 200. Figure 8 shows a view similar to Figure 7
after a further process step of removing the adhesive layer 214 except the portion
30 of adhesive layer fixing the dice 215 to substrate 200. The adhesive is

selectively removed from on top of portions of wafer level terminals 202 to

11



_includes benzocycl obutene (BCB). In an enbodi nent, the adhesive |layer 214 is
patterned such that it covers at |east the attachnent | ocations 206 for the
die. 15 The adhesive | ayer 214 could be patterned by printing techniques.
Figure 5 shows a fragnentary pl an vi ew of substrate 200 after a further

t d t d h
P eesst ou i e ripns ol Subidis APn il Bt e ASib e SoBt e agnon i ve
layer 214 tQr{Rmifak zbzc%guéstsﬁ@«waamhxr t%@%lrg%%agéeﬁlbgf-@d ncl udes a

plurality of 20 die bond pads 217 on top of the die and in €lectrical
comuni cat i omafted 2 furthleproesss step ofl Buriniesa redistifitmitidnéayef h&heledidrindiopads 217
provi de el ectrical contacts {W\?r the actiyve devices and electrical circuits

out si de the YET 10RF SPRGUSHY S St283lf¥%ﬂ@§il%3%@ﬁ§17t° ﬂ'%eg‘ﬁ%f@r]é"@homs a Cross
sect i Onal alﬁﬁé(%h %g@%qbls){m% QQ%VJ clI O%lglﬂ'le r%ﬂ y@ e 7 shows

a Cross sectl onal view taken enera gure 5 and

with an incregager peaess stdg:i @Wil@,ﬁllzﬁu‘%ﬂﬁe Zssahplwztzbemammb%@a&agés dice 215 _

with the base substrate 2 The dice 215 are pressed onto the adhesive
layer 214. AdR@&iane 22%@eﬂ"lnzﬁmgulat1@ms@d iy wepinglisheddydhechapesly outtitge base

substrate 20 e a fter a further
process step%br]D 1@@8\}?%&?%&%3@% ?Iie(etﬁ?gﬁg leé’fflte %@Lstem?ﬁ]éﬁ&fﬁtion 30 of
adhesi ve | ayfi‘ﬂteﬁﬁéﬁhd%@ﬂfe*@ﬁ‘cedmfse 1R 42 chiBodHRAE hak® 2R is 1&Q gdhesive is

sel ectively renoved fromon top of portions of wafer level termnals 202 to
11 therebip cmmhenwlbfrwh&s d?@&ommelmdﬂmlg Ihrmmntbbdumem, ao]hsaﬂus:aealcﬁ to the top

surface of ter naI ﬁ ure 9 sho | WSlmIag] Fi gqure 8 of
assenbl y 220m‘%§f "{“E?a bibesis B‘F’c?@%]%%thg’t QARG a?eé oY & IFHHt i on

| ayyr. The r%@é&h%él{%ﬂfc‘rl%cutltﬁé@% ok g{chco@l u%me‘ﬁ%ddi %%?e fromthe die

pa 217 to the wafer 5 termn ure ows a view simlar
to Figure 9 dﬁiseﬂwaterrm;sdézﬁlt&fiURUSq:atam anammmasnmhqu l6f118ia6gul ati ng t he

T B0 I w00 o e S 1% o
i B LS AL, 1
each ot her. kefeaanoefzbaﬁly pEpbse. Sl Heasigguldtal wsietllelel paﬁh&gealﬁbwaiaw cut the die
from each ot gleercmclapco?l?actesng'? t%le ?)Eglg suri%ccla allsee t[lﬁum@;fgrr lejvel te1|'n’?1nals 202; on the
top surface, 1.e., the top portion of conductive line 223 and/or bond pad 217; and
on the side surface, i.e., the conductive line 223. These singulated wafer level
20 packages 220A and 220B could now be stacked on top of each other or contact
other circuits on one, two or, three sides to improve the functionality of the
active circuit within the wafer level package 220A, 220B.
_) Figure 11 shows an alternate embodiment of the present invention. An
assembly 220 is prepared as describe above through Figure 9. After the
25 conductive lines 223 are formed, the trenches 221 are filled with a non-
conductive layer 227. Dice connected physically together by layer 227 remain
together as a multi-chip module. In an embodiment, the trench filling material of
layer 227 includes a polymide (PI). The trench filling material of layer 227
includes a benzocyclobutene (BCB) in an embodiment. After layer 227 1s
30 formed the backside of substrate 200 is removed (Figure 12). A wafer level

package 220C is formed. It will be recognized that layer 227 covers the top

12



_used nechanically cut the die fromeach other. An enbodi nent of the

| aser/water jet is described in U S. patent application serial nunber

10/ 118,666, titled "WAFER DI CI NG DEVI CE AND METHOD' and havi ng the sane 15
assignee as the present application, which application is incorporated

now have el BREPRARICE o SR BRORRE b e e TR PAEent: 2361 227 QU RSt | ovel

term nal s 208 Ahchh©2 1104 @@e?d 8 tahﬁlgm Bdrpagl 26pnductive Iine
223 and/ or bolr?d pgd 217, aﬁ?ﬂ eogl uGelsur ace, Q?{.el rba e conductive |ine

223. These sexmmb@&mﬁamﬁble t6 eumlect20 epeied gestrz200 caitsl 2208 coul d now be
stacked on top of each_other or conta i other circuits on one, two or,
three sides to inprWell fovsEtal asssmpty 23 neldmegoy tgeleysl rR3GK42ewi t hi n t he

vafer |eval packa ﬁleﬁ)%gﬁntl%%gﬁlon'::ﬁg%gga%e]vefbﬁﬁeaﬁ | §ShAghe giodi et of

t he present |nven assenb 'S Pr epar € e above

through Fi gueRc®BicalAfyken @bmﬁézmmﬁm@mme hdi@steddiblege henned, the trenches

221 are filled with a non- conductive |ayer 227. Dice connected physically
t oget her by ﬁ@?@dlmzmz splesafen23 ltlagé’QBerE]&s‘maalrﬁylstpmsclhsstrﬁt@r%%ihn@ludleﬁaan

enbodi nent , repch .fi a cl udes ol ym de
(P The. tr BIEHIY B A goniat S8 S Tg PRy oolsBY Eonidd el SRed 21 Sbut ene
(BCB) in an @Mcﬁﬁé‘&old&fiﬁr Wﬁxlerevaaénmﬁd%ofz gf%f&ﬂé\»%l Pﬁfkk ey 0f
substrate 200 is renoved (Figure 12). A wafer |level package 220C is forned.
It will D& rexcq:gmed@dthehaﬂdetlé@ér Tﬁai’oldclvk?rﬁlsst:hledtt@plecli@mdirytandn of dice 215

in an enbodi an Enbo 27 fill .the trenches 221
| eavi ng t he g%ﬁmﬁf‘l LEHRGE Y @lle?"ﬂé’@" éezéﬂé tBé‘l?hft ﬁ?&’s”biﬁhﬂ% S3¥ed and
el “aseembl D30 s e A Rl Bl A e S or esent
invention. Auvelffer aelelchpanédge2ZZ0Ahich mudtﬁ;ﬁlmadalnonﬂloentamscal system
substrate 231-using surface nount technol Og?fi In an _enbodi pent, substrate

231 is a PCB. El eft#reht shypsatiouchssiala frparkaging agcoding QI y of | and
ggﬂéﬁgt ;Sv§3§o g H%%%#) Ql{t ﬂ?g?%%%q%s %@g 1%? eﬁgggﬁ Flg‘%/g package 220A
10 are plac edlecnmmahe tisok degcnzacaabommﬂmmmc%&é Figure Ur @tle hotiveadvani cal |y and
die are not singulated in this embodiment pricr to adhering the active device
substrate to the base substrate. This embodiment includes bonding the active
device substrate to the base substrate. 330. An embodiment includes joining a
20  wafer containing the active devices to a base wafer that includes the wafer level
terminals and is coated with an adhesive layer. The adhesive is cured. The
active device substrate is then cut to a depth at least equal to the height of the
) active device substrate, 332. An example of this type of partial cutting (creating
kerfs) 1s described in U.S. patent application serial no. 10/232,226, titled
25 “WAFER LEVEL PACKAGING?”, filed August 28, 2002, and incorporated by
reference herein for any purpose. The active device dies are now separated by
trenches. The adhesive that remains at the bottom of the trench on the base
substrate and not under the die of the active device is removed to expose the
wafer level terminals. Conductive lines are formed from the input/output pads of
30 the dice to the package level terminals, 115. The die input/output pads are on the

top surface. The conductive lines extend outwardly from the die input/output
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electrically connect wafer |evel package 220A to substrate 231. Wile shown
and described with a single die wafer |evel package 220A, the sane assenbly
is wused for a multi-chip nodule 220C whi ch woul d require additional

contacts. Figure 14 shows a flowhart of a nethod for packagi ng according to

15 enbodi t t ! t g tion. ! 1Q01,. 103, 107, 109 d
T e ne sk b BB IR WS F IR AR e 1 e
active devi c@leflignPESRRtheydel eq&\%ﬂteﬁnuagb%%*éﬁﬂiogﬁﬁésnt@ﬁ or to adhering

the active device 'substrate to the base substrate. odi nent i ncl udes
bondi ng t he aotducéve Heasiindudaitstallatien ligest he abasboditteat, tled @ndd33e An
enbodi nent includes joining a 20 wafer containing the active devices to a

base waf er t H8ES #RAPIRFEDYIaTEdIRETOBEON fAyel Progess nil Rapackaselleve! temingla with an
dhesi ve | : V6 LS. ' ' te is th
oo s oo Hmal U5 AEF6P nthabfie fiatle nlSndiale Vbl b8: SHREbE © 1o then

substrate, 33dbstrAl.iexanPled, Df9, tdb:Hoby e batk @ﬂhéb@élm%b"ldv%ﬂl@nﬁﬁhl@,a?i_n.g _kerfs)
is described in U S. patent application serial no. 10/232,6226, titled 25

"WAFER LEVEL wadkneromectetlite e dicAnpuigtutng paQ 6ooygheathd combistipolizgsedn by
reference herein fg.r any. g{zﬁose. The active device di(ﬁs ar.e_now separ at ed

by trenches 2 PO WEL Gr S FIRING PTI%ES HOOEFDF FHEMEr ench on t he

base substr ghgsadoNBE sihsdate th ll?gmgh BnifHed 1Bt Xﬁeﬂ@t\ﬂ}? fhidring &PVEd 1O

expose the wafer level termnals. Conductive lines are fornmed fromthe

i nput / outlfut bpadsomiedlGirghheniicé ntechaniml pelchagpe(UMBe| ChV@rintinddsss, 115. The
di e i nput/out surface,. The conductive |ines extend

th
outwardly fr %E’W_Bg%ii’ég%ﬁ?ﬁ)g%h%g%ﬁég ?Yﬁa%*ogﬁan%m Reas Pacs the die
through the %ﬂh&%ﬁevs%b%@@fﬁﬁlgum%% %?Etkﬂin@.ngﬁee BLACLLLEADE e DAL ! the

: ) i
package | evel” termnals. In an enbod nent, conductive lrneS include

cast el | at i on ldviehesminals aanewkepbszenOther heechanechligtgritding proessarelafedr med by a

redi stribution | ayer process. The package level termnals 5 remain covered
by the backsit@idtefrated ergasRrossssest arapahinmie sope f theeprgsent enige The

substrat el'Si S Vc\i;ﬁ%@\ég glbst]rg'tg is b egﬁﬂg};ﬂﬁgdéfé. lﬁﬁé%d}%{l) lrjl'{ep ultié:hgagg@?iﬁe l)v?ﬂ'leal

term nal s, are connec input rough the
conduct i ve | ippston dihe base eidadic e bdnneclcl ket fiaiheetlebtiomle Yultafe] IZB. process can

be used to etch the backside of the substrate to forma thinned substrate.
Al ternately, thindigigecknl? show a further embodiment of the present invention. In
this embodiment, two substrates 300 each having active devices formed on an
respective, active side are joined togther at the substrate level. In an
20 embodiment, both substrates 300 are wafers and are joined together at the wafer
level. Each substrate 300 includes a substrate base layer 350 on which is formed
an active device layer 352. The substrate base layer 350 is monocrystalline
5 ‘_) silicon in an embodiment. The active arcas 252 each include a plurality of die
315 that include the active circuits electrically connected to bond pads 317. Dice
25 315 are substantially similar to dice 215 described herein. Bond pads 317 are
substantially similar to bond pads 217 described herein. The bond pads 317 are
formed on the top of the dice 315 remote from the substrate base layer 350.
Individual die are separated from each other by saw streets 355. The top and
bottom substrates 300 are mirror images of each other so that corresponding die

30 315 in each of the top and bottom substrate 300 align with each other as well as

the saw streets 355 aligning with each other. The saw streets 355 of the top

14



.10 be perforned using chem cal mechanical polishing (CW). CWP includes a
nmechani cal pad and a silica based slurry conposition to back polish or back
grind the substrate w thout chem cal etching. The back surface of the
package |evel term nals are now exposed. O her nechanically grinding

processes related to-.iptegrated circuit proc es,are. Wt hi he,_scope of
Phe prosent - PivERertRd T B8N hel BESEY A PR Ern e Rut s hmarna. “Tas 11
needed the sjgiging Headp Ghs:ratelth hePhottdR fubSiatofthd BERASELMRSE TRkRAT S
connected to a further electronic substrate, 123. Figures 15-19 show a

furt her enbosh thenits bickside 3pT Esemmpwand.eiité bircksida 36Riof thertitidimesirate wo

substrates 3 each havin ti.ve devjces. forned on an _respective, active

side are joi g@%lst%@tleaéi‘f“haa% q%ﬁ'és“éeu%]élt r‘%‘ﬁ?sﬁ"é’ aft 1s Slugs%t@b’ ®Wyadcrent, bot h

substrates 3 i : red.ol . l.evel . Each
3 g&eglv@ 23’2?8%?1153%39&@151 Eaggéggéj% %@g@hg E{é) %ﬁst\%ﬁ&s"@%@él}t nlltg

substrate 300 i nclu strate rchrsStorned an

..active devi ceordtay erth3he adbdsie Suhs Thahdhdoiases haydio Bbthe ssbsramacrystalline. . . _.

silicon in an enbodi nent. The active areas 352 each include a plurality of
die 315 thatogetherl ubies saiestigetsidve arg vezligally abpeed: rA phirality obHreestevias o bond
pads 317. Dice 25 31 re substantially simlar,to.dice 21 escr i bed

herei n Bona ot 7 ot RUTEL Bt By Yol e Py b o el descr f be
herein. The BeHiBRGmbS e aVRIs 360 LAEGENAM by Rzin@AhOfavt fiteetl to@udld> renote from
t he substrate base layer 350. Individual die are separated from each ot her

by saw stlfeethso@dBhe the subspatand00 oot the adlsasbstiayer 844.300 anembpilimast, | nages of
each other sq that.carresponding djie 30 315 in_eac f the t and bottom
Stbstrate 300°dFhif PRI STaH Beab e b b freeCengobfpe Bllo™38s "2l | gni ng
‘(’j":@ceaCh Ot Rehniqldle I8 aWeibb&Blent, IRDLST 1§ DE-1IPRatl st DB dnainshoiRHld, | 1 e

tly above the saw streets 355 of the bottom substrate. In |[oining the
t op subst r at thetlaset e Potunoaivsuirstreatret (YAS) bott dmasgbdtodatentj thefldsepped  so

that its backside 357 faces upward., The backsjde 357 of.the boftom substrate
300 i s coat e ARCAVRBIAGIFE SF lask NETF RS pemaRdisnsi i P¥ similar to
5 adhesi 2 i i i 7 S rate is

br ought Ylﬁt oﬁﬁ%lgﬁlt%%'t %&ﬁ%ﬁé@%@?\ﬁgeg %\ﬁg‘llﬁgg)%%ﬁggit“\%@&i gp%tred to fix the

substrates tmbeditrent, theleses powst is dess shadShoar F0neatts. dalahymblodpned, A

lurality of through vias or apertures 360 are forned in the saw streets
P hr ough %Ot htk{eHésengwgqjggfqagpg@agﬁaout 100 watts. In an embodiment, the laser

refresh rate is about 3,000 Hz. In an embodiraent, the laser refresh rate is less
than about 3,000 Hz. In an embodiment, the laser refresh rate is greater than

20 1,000 Hz. In an embodiment, the laser is an excimer laser. The laser is desirable
for use in scribing or cutting the workpiece (here, the stacked substrates 300) as
the laser does not apply mechanical stress onto the workpiece. A plurality of

) conductive lines 323 are formed from the top die bond pads 317 to the edge of

the die and through a respective via 360 to the bottom die bond pads 317

25 (Figures 17 and 18). The conductive lines 323 are formed by a redistribution
layer process as described herein. Conductive lines 323 are substantially similar
to conductive lines 232. Now the vertically aligned dice that are joined by the
adhesive are electrically connected togther ;through a conductive line 323. The
individual joined die assembly 365 can now be singulated. Singulated die

30 assembly 365 are schematically shown in Figure 19 with the conductive line 323
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the bottom substrate. Vias 360 are formed by |azing the saw streets to burn
10 through the two substrates 300 and the adhesive |ayer 314. In an

enbodi ment, the laser is adapted for cutting substrate structures
fabricated according to knowmn 9 techniques. In an errbodi ment, the laser is
a solid state laser.. In_ a d| ment aser

yttriumal uni Wﬂﬁm&%lﬂé’ﬁﬁ@gﬂ@ #dieF cut lﬂgg‘r‘?a@?ﬁ%‘& ?'FtsemPH%g gpgegurings 4
neodym um YA {gra The | aser wavel ength, in an enbodinent, is about 1 15
m cronet er. an errbodl ment, the |laser power is about 300 vvatts. In an
enbodi nent , the | aser power is |ess than about 300 watts. In an enbodi nent,
the | aser power is greater t han about 100 watts. In an enbodi nent, the | aser
refi-esh rat&ireutddadiles 000 Hz. In an enbodi nent, the Iaser refresh rate is

| ess than about 3 odi_ne sh te is

greater t%an 20 1%581%@ lllflngllégﬂ%ﬁ)% ?Eub[s %t% 1%‘%ipa‘ik§ %{) r |aser.
The |aser is ofes ﬁr@é&nﬁmvéﬂioﬂi%@yb@c&ﬁ&h&i REtHOdr wiidul Bﬂ)tééﬂﬁe\é@ﬁﬂ@' ece. (here,
the stacked substrates 300) as ~the |aser does not apply mechanical stress

onto the wor kmpacxexcuAllpidmieaIGQOyo@nham@ndwtudﬂeeIfmmesnﬁﬁg odpeirfdovideadd from t he
top die bond pads. 317 to th thedeand a respective via
360 to the bﬁ?gﬁﬂldi]%r%lbtﬁﬁo ‘Elgg@l 332136(‘??16 ?’é"éo‘l? 5@@)”“%% U@8nduct i ve
|ines 523 are JufRst Mot eflatohibhiilibaBs 39601 RiRGsns dSsdigscribed herein.
Conductive lines 323 are substantially simlar to conductive |ines 232. Now

the vertilkhl Ifynalongiityd hdaw embbditmeat, eirfot medulb 2000 mchakdb asics® oat e
electrically connected togther through a CQ ) 1guctl ve l.ine 323. The
b

i ndi vi dual | SPHES Steresess ORbIaIIEEE>E Ao Adnrble disvflilds sgeived., n@E}FS%’ ed die 30
asgepbly 365 t ve |line
325015 r o By 2oL of Rl 3AGAB0N LA, Sitctirl i cclr BRI

assenbl i es aph¢ invetidghd/&iapgfabaAtdtedin debsrdenhde v&iﬂdthﬂe@ses‘énﬁevehmmmn Figure
20, two or nore substrate | evel packaged dice 2001 -- of the

pr esent 4nventzPebedymes, EenditHeaac ngrre lo aleheie ipesireeit Powrd@d8Png; into a
circuit ul r h of  an i ndi vi dual
die 2001nf% rsgalfﬁlgg%%& g&gg&%%}]%én Sl)ﬁasej@gr?t%l( ﬁ%ﬁégﬁé O%&gﬁzé 1 representing
a variety of efaeaddai edsramuﬁicaaoxsﬁitbﬂwdnmmﬁﬂwﬁet 2301 e entabsdid@nt, he sane

package level terminals 202 or conductive traces 323 are in physical contact with
contacts in the slot 2052. In an embodiment, the contacts package level
terminals 202 or conductive traces 323 are press fit into the slot 2052 against the
20  contacts of the slot.
Numeral 2052 in Figure 20, in another embodiment, represents a mount
including land patterns whereat the contacts according to the present invention
) are mounted. The mounting process includes an SMT process. For example,
circuit module 2000 1s a printed circuit board having land patterns on which
25  solder paste is applied, e.g., by printing the solder paste. A substrate level
packaged die 2001 of the present invention 1s picked and placed at the mount
with the package level terminals 202 or conductive traces 323 aligned with the
paste covered contacts of the mount. Either the package level terminals 202 or
conductive traces 323 or the mount contacts are reflowed to create a physical and

30 electrical connection.
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10 functionality. In an enbodi nent, circuit nodul e 2000 includes at | east
.one socket, slot, recess or the like 2052 into which the die 2001 is
received. One or nore dies 2001 of circuit nodule 2000 include 1/0
structures in accordance with ti the invention and/or are fabricated in
accordance with the present invention. In an enbodinent, dies 2001 are

inserted into a s i AoV K t he package

| evel termnals 2 g Sr%gg%%fgggﬁ (\%ie&]?tﬁg%%@g%g“dé?@e%or{} grlloecférgi %:&g’?éecommni cation
Wi th the contaedrs, jower itvdaleo!codiBmhication b RIROFHERBSr modaesage | evel

term nals 202 or conductive traces 323 are in physical contact with

contacts in epmicelion-spoERX modulesy ardvipor idyte, mulhiyeio ntwdicehép pwdklgge | evel

term nal s 20§ %f Cﬁnlductilve traces 323 are .press fit i.nt hhe sl o{ 2052

agai nst the >9¢ E8ARAT VY BveafRmsieae Ve vEr }a%w‘?oﬁdlﬁggﬁ ¥ P3BC n anot her

embodi ment;, [RBAEGPRGRs RPN uil fn@&ﬁlk‘@b@@nj..;2?)2&%@55&5%6Wa%iey;e contacts

according to the present Invention are nou The 'nmount 1 ng process
.lncludes an &GMiegraniesstentzosuchxanploek, a Elavedion, arel phene? @@Orsbaala. pri nt ed.
circuit board having Ianciwg,tter_ns on which 25 sol der paste is applied,
e.g., by pri fYTRYeE BB aulompdile,sadndustnel somse systemy @arcrathardelfed di e 2001 of
the present i I I i.cke ced. at - . - WM he package

| evel term ng{}(\éﬁ%g&g? J‘)V?:I(I)ir?l%jv(lisc C?r&gﬂg?@g’gesl%gfzg&é{’?@%@f é]m}%uﬁt%él&ehlé paste covered

contacts of tdwerdipgfd the prdsbgrintdatiop ackagrd €irbiintrdilaz009 vilhaot a conductive
traces 323 or the nount contacts are reflowed to create a physical and 30

el ectricdll cu#my of bads AWSsHveush APl exterding thereftom andesplad ththe| ude nenory
nodul es, devic drivers.. po nmodul es, .co j cation de r ocessor
modul es’ and PAKERT lextiisiiedlsdls prCRBHER e TR A 1 PR Bl SRk D e

WLQi chi p nodiekes01 pRHEdIngREiM@a] oMbilatcha \BnAmsidaloh @8€ENMRoli N Whi ch a chip

acedrding to the present invention is inserted. Grcuit nodule 2000 may be
a subconponent of FiguwyaZl dtows af: epibedipantp€a cogust madyle gsipiemasy moditlsck,

oLl vt 5100 S Bl RS SNAL, SOMMULEE 20 QRO R0
a circui tysmodykesdorCric ©n bl eMbbdithet, Shppord 116708 E:s slots 2152 for
| receiving memory devices 2101 as described herein. The number of memory
devices generally depends upon the desired bus width and the desire for parity.
Memory devices 2101 include at least die in accordance with to the present
mvention. The support 2161 includes sockets, slots, recesses or the like 2152,
20 each adapted to receive a memory device 2101 and provide electrical
communication between a bus and memory device 2101. Memory module 2100
accepts a command signal from an external controller (not shown) on a
" ) command link 2163 and provides for data input and data output on data links
2165. The command link 2163 and data links 2165 are cormected to leads 2167
25 extending from the support 2161. Leads 2167 are shown for conceptual

purposes and are not limited to the positions shown in Figure 21.

Electronic Systems

Figure 22 shows an embodiment of an electronic system 2200 containing
30 one or more circuit modules 2000. At least one of the circuit modules 2000

contains a die in accordance with the present invention. Electronic system 2200
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S—— .. e
according to the present invention is inserted. G rcuit nodule 2000 w ||
" have a 10 variety of |eads 2005, through 2005N extending therefrom and
coupled to the package level termnals 202 or conductive traces 323 of
substrate | evel packaged dice 2001 providing unilateral or bilateral
comuni cation and control. Figure 21 shows one enbodi nent of a circuit
nmodul e as megaseiallysauims aase0ntadane 2369 ddsr mtearfae 226% pravidss auseiiqfl e nenory

devi ces 2101.contai ned 15 support 2161, |In an enbodj.nmen support 2161
i ncl udes sl of§ e[:ef%%m’f: &St?ﬂ@gﬁ%" SH’@I%%W BEWHFQZ(”?%?_WQEO]H@%Fi bed herein.
The nunber ofesiRIBTNe elel&ydn@ceawg&ﬁm@ | J6nstar sHTRertiRri&Sideed bus width

and the desire for parity. nory devices 2101 include at least die in
accordance wnthde thetiiegbqaré.genmiting dever} monitorth@riktep pda peddil comphitares
sockets, slots, recesses or the |ike 2152, 20 each adapted to receive a
menory devi ci@¢30RE Gidk d5PHYi depeakersiolpdaio: e AgRRIEEY I SHEEHBREASa bus and

menory devic o i.gnal from an
~ external t:onferd(%ﬂ1 (?ern %%@5%#3&%%%@%&%%@%&@&?idﬂsyfaglrgg%&gﬁ prr‘b‘v*i"'de's‘" for— "
data input adigpdlgéradfaHbiéna06H @RtEnidhiteS Ul GRerflBe269 M Fthdrnk 2163 and

data |inks 2165 are connected to | eads 2167 25 extending fromthe support
2161. Leads desertbexceesstporia pfordasidnctastrorik sy shempa9es Aaerss apws arotuséd nited to

the positions shown in Figure 21. lectronic.S, , stens Figure 22 shows an
embodi ment _of ST 8 CRERTE: SYSEai BGuTE Smesin iy SR f6 TGP S ¢ ol 1 oul
modul es ?@Oaﬁpreﬁbuﬂ?%ﬁmﬂ%@fOﬁ@& hble @ tife RN ESIARD00 G2RRINS @ die in
accordance th the present invention. Electronic system 2200 17 generally

cont ai ns a usecessoitpepiidng s2AtIoriso manputatit ac@nidb6r ¢ireptioefinputsser of the

el,egctronic system 2200 with ,sog{:f% of control or observation of the
reshl ts of tHREDA QRIMEHP ASEYBICERFD 240 © hendgasmationfith¢Eer i nterface 2269

i ncl ude the g?aﬁugn Ot L : It - | f er sonal
conputer; 5 ﬂtﬁﬁé% uni n@@%&%}o{rﬂg}egxgl?ég F”K%&Egg%’a éecrtfs?)hbogyg@frn? |Og': .h?t e ignition
sw t ch, gaugaesbalimgasclepreddt sptenad2@uinohidbs nemoaynshotitiles 2800d Ae=ader, keypad,
di splay or currency d{rﬁgenser of an automated teller machine. U er

i nt er f acé> 22b0aRpalEnt fprrae Lisiyof examprlespierivysty gives. Peeianiesysted 22&tronic s.y

stem 2200. AGGPSS PR fSodita ui?t(ﬁ%ertain mechanical components (not shown) in

addition to circuit modules 2000 and user interface 2269. It will be appreciated

that the one or more circuit modules 2000 in electronic system 2200 can be
replaced by a single integrated circuit. Furthermore, electronic system 2200 may
20 be a subcomponent of a larger electronic system.
Figure 23 shows one embodiment of an electronic system as memory
) system 2300. Memory system 2300 contains one or more memory modules 2100
) and a memory controller 2370. At least one of the memory modules 2100
includes a die in accordance with the present invention. Memory controller 2370
25 provides and controls a bidirectional interface between memory system 2300 and
an external system bus 2372. Memory system 2300 accepts a command signal
from the external bus 2372 and relays it to the one or more memory modules
2100 on a command link 2374. Memory system 2300 provides for data input
and data output between the one or more memory modules 2100 and external

30 system bus 2372 on data links 2376.
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_to connect an electronic systemto the nore tangi ble user interface
conponents 10 previously exenplified. One or nore of the circuit nodul es
2000 nmaybe a processor providing sone formof manipulati n, control or
direction of inputs F fromor outputs to user interface 2269, or of other

i nf ti i ther, into, . t ' ided to, elect [
Syst em 2200, | 1 SHETETBOTHoALLH IS EE0PGRICE: Syat S ZBB0FITEl thdes. momory
modul es_2100ouhudlisblerBIRCCOPBAE Byl O O UASL SioBlec SRR 5 P evi ous! Y

gi ven, el ectroril ten be associ a ain

mechani cal oasmenetEem(I7800 hshadih aicompagdubit 047, dnGinfegiboldim@duhes 2000 and
user interface 2269. It wll be appreciated that the one or nore circuit

modul es 2000M¢IROY Syalerr B0 dnadydes arfio RO cedandsevitly disipagsent ibyediosi Ayl e
integrated circuit.. Furthernorg. .electronj.c.system 220 y. 20 be a
subconponent®of™ Odlng?%e?mg?sé??tﬁgrlui”&‘ﬁg%ta '"’F%éﬁ?f:aﬁn%w hg\aﬁ@rﬁ?ﬁt enbodi ment
of an el ect rig@d:ftiody 4 SMLABoATBRERY, Yhe R¥R5R Y230 0md MesmE % Y3 lagn 2300 contains
one or nore nenory nodules 2100 9 and a menorycontrol |l er 2370. At | east one

of the menoroominokd so@i(loitincprashas irevediie. | Qorapdar Yateae244i0tih bhtmepr esent
invention. Menory controller 2370 25 provides and controls. a bidirectional
i nterface bet\ABEH MeoHSPuePSsaHEDIontaHpe aNhe elesARIC SYsfehels-bus 2372.

verory syst agh2300. RERERKR & FORIRNTLSRONE)mplEONLINe) A Sifaghypus 2372 and

relays it t or note nenory ul es n-a co i nk 2374.

Menory syst esonPa3fluser BNerthes chportbatsa Depiitéd indrigurd all aroukeioaticiageen t he one
or nore nenory mpdul es 2100 and external 30 system bus 2372 on data |inks
2376. 18 Fi (RPENDER S3akAs2483 Such dhet menisopshdal, Gfiowstick] cappiéniZd83yst em as a

comput o1 SySLEN2A00... CORRYY £L, 5y 30610 2400 £00AI NG, 4, ALPEESSRL, 2401 and a

ry syst house onputer ani ‘ment, the

MeNDry syst eifngsenis Afd dEt@issoctit®l With asepidARLRMR 40D bk aPHREeME, | nventi on.
In 5 an enbodi ment, processor 2401 includes a die in accordance with the

present i nvisvideghiver eargs addboukl somage devives. etorobhgss gereenmapruhepisomessor di es-
2 SO el ACEOLLNO B LI PSRBT L8 CHIBUL £, SYRLET 2400 1
system i .e.further be appreciated that the processor 2401 and memory system 2300 of
computer system 2400 can be incorporated on a single integrated circuit. Such
single package processing units reduce the communication time between the
processor and the memory circuit.
20
Conclusion
It is desired to reduce the size of packaged components. This results in
) packaging material savings and increases throughput by reducing packaging
fabrication times. Moreover, with the growing popularity of smaller electronic
25  device the electronic components must be as small as possible. The present
ivention further provides methods for producing a packaged die. In an
embodiment, dice are fixed on a base substrate that has contacts or terminals
formed thereon. The dice are electrically connected to the terminals. For
example, top level /O pads of the dice are connected to the terminals by
30 conductive traces running from the top of the dice along its side to the terminals

below the dice. The backside of the base substrate is removed to expose the
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menory system 2300, as a subconponent. Conputer system 2400 optionally 10
“contains user interface conponents. Depicted in Figure 11 are a keyboard
2481, a pointing device 2483 such as a nouse, trackball, or joystick, a
moni tor 2485, a printer 2487 and a bul k storage device 2489. It wll be

i ated {hat. ot t,s ft t t t
200" Such asPRAGNS! Do deGRBES A AR CEBPRE ¢ RAHTFGhareebr HRORaM cos, orc.
These ot her ﬁemm hifited! nﬂﬂé?r%@es%‘%??é ?ﬁﬁ(ﬁ]meﬁ%m&l@af@r fi!»'uﬁd;‘yﬂh&@tﬁprdance

with the present entlon be appreciated’that 't he
processor 24@1br®nﬂgrfﬁ1ma§rom§mm@m:ﬁ6w afel fowdnipsh®re falypsdation 2400 can be

i ncorporated on a single integrated circuit. Such single package processing
units reduceSWﬁgaﬁéﬁW%m%ﬁﬁﬁmﬁﬁFt%@“ﬁ%@ﬁéﬁﬁ”@ﬁﬁiP%W%%essor and the nenory
circuit. %O Concl %ﬁfhgﬁlgh specfﬁ% egrﬁ%'dm?%lté Ha\fe%%gﬁz ﬁlust}gtea L6 & ¢ &1‘18&{: kaged

conponent$. This fesu savi ngs and T ncreases

t hr oughput bhelreﬁﬂmmngaem@ﬁeamdagay tﬁ@&rdf@dlhﬁl@' skiln@she M@ﬂmw with the . .
gr ow ng popul arity of | er electronic 25 device the electronic corrponents
must be as semipgeawnpyichbs ealcuftted pr ahigve thy m@nurmseﬂmytbﬁeﬂubﬁﬂtawdes

met hods for ucin kaged .die. |.n fixed on a
base subst ra %tgﬁﬁecﬁﬁfnﬁj@ﬁfﬁgﬁylﬁm eMPﬁ%é#a?? UIOB?'nﬂ eﬁmveeflh?)’?'nwal’r'rﬁ% dice are
el ectrical 'y ,60n884 ﬂfésé9f$rﬁﬁ1a}ye§1ﬂilﬂ%%mTF(?fore%ﬁﬂE|cﬁhertl%g1la?éﬂe| 110 pads of
the dice are connected to the termnals by 30 conductive traces running from
the top di t hecudt pzecatsmggqmpmest oey be utiheedtiarcomnattson wah dw inhamtidhce. The
backsi de of %he base substrate is renpved to gq@gose the 19 backsglde of the
term nal s t h&PERRPUSERIHRCa0t ?reléte&éﬁt%i ey f g Propgesedipg adapted fbw be

ul at ed. g :Tel r ther eby
i nigﬁeam ng f Eqd;%gg{l?gdge%?ﬁrggﬁl h(?m([:b(ﬂf1 er fp%sr%{r]l?lgém glvéli @Hgﬁ%\éttﬁon and
substrate halaﬂblmagomqunn@ﬁmﬂtotoovémyyladﬁlﬁmmtshﬁ varisiaR tof fedaeasiond Al t hough
speci fic enbodi ments have been illustrated and described herei n it will be

appr eci at ed BymamHbsEy grensieditha tyis grieption be }(1%3%9{11%%’&*’&16 fllpwing slaiverenent
which is 1%al %H& Q&Lﬁgal&ﬁs ﬁl%péo?_ve t he sane purpose nmay be substituted
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for the specific enbodi nents shown. Many adaptations of the invention wll
be apparent to those of ordinary skill in the art. For exanple, other
integrated 10 circuit processing equi pment nmaybe utilized in conjunction
with the invention. For another exanple, other integrated circuit
fabrication processes are adapted to s produce the dies and chips
according to the present invention. Accordingly, this CJ application is

i ntended to cover any adaptations or variations of the invention. It s
mani f est | yof Ripgeded that this invention be linmted only by the follow ng
clainms 15 and equival ents thereof. 20 CLAIMS 1. A nethod, conprising:
provi di ng ?t | east ope die.§215), provi ding a substrate (200) having

el ectri cal si grfaMeOANFIRTEMNS02) fixing the die (215) on the substrate

(200), form ng gloklind AMasEHEBEIIIBYS (223) fromthe die (215) to the
termnals (202), and renoving a backside of the substrate (200) to expose

the term nal s (PO2ding subFlate (200 baviog elebwicah signal terinirddn@02), ngul ati ng t he
substrate (200)_.t.0 for {.ndi vidual chi al e packages (220A, 220B). 3. The
met hod of cl ai nﬁ’EP_gWFe@%@%_SPBG‘?%ﬁ gfrale &Oégst one die (215) includes
providing a di efopifelbid@tcafbbdiRbtiod (P Sfr&n?ﬁ@dié’&l@?PﬂthQ%gﬁﬁéﬁa%@P%g” a top

surface of the die;” wherein having electrical srgnal termn 2)
i ncl udes famdm ng package |evel ternminals or package I/Oternminals on a top

surface (212) of the substrate_(200); ein fixing the di 215) includes
appl yi ng adhesiR?Elof’mubﬁcism?%%f@6&“@5‘@#&2@6)09%9056@?W@%&s@?éﬁ e (200),

pl acing the die (215) on the adhesive (214), and curing the adhesive (214)
to fix the die (215) on the top surface (212) of the substrate (200);

wher ei n f o2.m ndhelnesthed efdlainohrisdtding sing@lafing theclibsthate (200) torfgrma net al trace

fromthe bo a 217) or .the UO pad (217) on the top surface of the die to
the ternmi ngmi)l.?ggélp scgle packages (2201?, 220%). ) P

3. The method of claim 2, wherein providing at least one die (215) includes
providing a die which has either I/O pads (217) or bond pads (217) on a top surface of
the die;

wherein having electrical signal terminals (202) includes forming package
level terminals or package I/O terminals on a top surface (212) of the substrate (200);

wherein fixing the die (215) includes applying adhesive (214) to the top
surface (212) of the substrate (200), placing the die (215) on the adhesive (214), and
curing the adhesive (214) to fix the die (215) on the top surface (212) of the substrate
(200);

wherein forming electrical connections (223) includes routing a metal trace
from the bond pad (217) or the I/O pad (217) on the top surface of the die to the
terminal (202),

wherein removing includes leaving a portion of the substrate (200} directly
beneath the die (215); and

wherein singulating includes singulating the die (215) and the portion of the

substrate directly beneath the die (215) from the substrate (200).

4. The method of claim 3, wherein providing a die (215) includes:

forming a plurality of dice on a second substrate (101),
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wherein renoving includes |eaving a portion of the substrate (200) directly
.beneath the die (215); and wherein singulating includes singulating the die
(215) and the portion of the substrate directly beneath the die (215) from
the substrate (200). 4. The nethod of claim3, wherein providing a die (215)
includes: formng a plurality of dice on a second substrate (101), 21

testing each of the t@ditthg(chOBdf theidrgubay i ng the die fromthe second substrate
(105), and fixing one or_ a plurality of the die to the substrate (113). 5.
The met hod of cl ai m Sngulgiedhedisdiom thersgeanddiubstrate €05), @l udes: forning a

(103), s ngul at i ng (HE"BPES Pr TR St e biab SRl PBOE " hereim ©

singulating includes singulating a plurality of die (101) fromthe second
substrate so that the plurality of die remain together on a portion of the
second subt r atldie meghgdopfrplaimnd, vehieraim providiaie die (32D in¢leflesy t he portion of the

second substrate to opnel. suab trﬁéreo 30(%. 6. Th% émtt ZE@ of clainms 4 and 5,
wherein the die (21 PHE UREE Y Ié%?sn%?'?gondaﬁ PUEC ')’ce, and wherein the
active device incl udesimteatieasthe@ne(108),2 m croprocessor, an integrated
circuit nenory device, a sensor die including a sensor device having an 110

pad at a top surf angplating the dpfrpmehe sesnpdsulisirate|($25)r whereincingnlatingat i on wi t h
an 1/0 pad. 7. The t hod of. clajns.4 and . erein form term nal s
(202) i netudes pai NP Rling A BlHERI of Ry 200 gFoRs eGpt R ST ) “of ¢ ne
substrate (200); _tl’l&i‘ﬁ{e%lﬁ‘raﬁgt&f%@ieﬂﬁid REEHEES PREAISH BF 1 secdiRlsabsttAyer - 8.
The nmethod of clains 4 and 5, wherein formng termnals (202) includes

pl anari zi ng the t tpfosorad muki-¢ig Rodole, stk substrate (200). 9. The net hod of

ol yim de mater al ¢ ooe tRgsHtT e e eandstsraene Hebrie BBh00) ° To. The
met hod of clains 4 and 5, wherein fixing the die (215) includes

6. The method of claims 4 and 5, wherein the die (215) includes at least one

active device, and wherein the active device includes at least one of a microprocessor,

an integrated circuit memory device, a sensor die including a sensor device having an

I/0 pad at a top surface, or an optical sensor in electrical communication with an I/O

pad.

7. The method of claims 4 and 5, wherein forming terminals (202) includes
patterning a conductive layer on a top surface (212) of the substrate (200);

wherein patterning includes patterning a metal layer.

8. The method of claims 4 and 5, wherein forming terminals (202) includes

planarizing the top surface (212) of the substrate (200).

9. The method of claims 4 and 5, wherein applying adhesive (214) includes
applying a polymide material to the top surface (212) of the substrate (200).

10. The method of claims 4 and 5, wherein fixing the die (215) includes
positioning the die or the plurality of dice on the adhesive (214) over an attachment
location (206) including an array of bond pads (204), or over a final I/O location
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positioning the die or the plurality of dice on the adhesive (214) over an
attachnent |ocation (206) including an array of bond pads (204), or over a
final I/Olocation 22 including an array of |1/0O bond pads, and renoving the
back surface of the substrate (200) to expose the array of bond pads (204)
or the array of 1/0 bond pads. 11. The nethod of clainms 4 and 5, including
posi ti oni ngclulig@narday 5)/0tont pads, Bhd Fehdving BE bacicsirfate bhte adbseateve (214) at
| east partlally over a first group of terminals. 12. The method of claim
11, wher ei #0P) wiexposerthe prap ofi hong pads @0dkorghe amay efdfd dpadpads214) i ncl udes
f|X|ng the plurality of dice such that adjacent die overlie a conmon
termnal or a group of common termnals, and further, singulating the
plurality pf di T@ewethbdaRGimEdandfs, ﬁlhﬂldﬁig%%ﬁi%hﬁlgdhé gel(Rys) drgmeat h each die
by cutting through at | east one common terminal such that a first portion
of the conplardlityeolidi¢sn the gdhestveZ214) aa leaptnartiadly avieea ﬁrangm@tqf tgmigdles and a
second portion of the common termnal remains with a second of the plurality
of die. 13. The nethod of clainms 4 and 5, wherein form ng the el ectrical
connecti ong, (238} niefddudRfimf1Qr Whoginefixiap efel plin@lit U@ or e adkiRRel ve (214)
to the termnals (202), connectlng the die (215) to respective termnals,

i ncl udi ng @it inply cﬁféxmﬁﬂwlpltmahbfe)ffdmrﬁut:mﬁ]ab@djabeptadue(oze_ agonfmerm | / O pad
(217) on the top surface.o he dle e package | evel term nal bel ow the

di e (215) te{‘ﬂ‘f%{@'ﬁ%ﬂ‘ép 3fpmrﬂ?%ten?ﬁ’as’r met hod of clains 4 and 5, wherein
form ng the el eﬁﬁ'théﬁ@ih%ﬁlﬁﬁ’i%ﬁk 8lity 02 4Rk WiPfd pifien bﬁﬂ%\swﬁra@éﬂal@e%uye not
covered by the die he nethod of clainms 4 and 5, wherein

connect i ngbenkhathdach QIQ b’,e's):utumglﬂuspgtmtlle@t oneeommen terininal subbshatafitshhg t he net al

trace fromthe bond pad 17). gr fromt the to rf

of “the i boon gl BrebEieh ohin s Witk tto e PR BE SR abdR ' Tor ti el
bel ow t he giénd gokidn ot’*ﬂﬁ‘é"a@hﬁw‘iﬁbﬁﬁlﬁﬁ rbRSinS Bt a sTeE&R?offthé’Flu& Ry Bpaid. pad (217)
or the 1/0 pad (217) 1ncludes a bond pad or an I/O pad cated on an active

device. 23 16. The nethod of claim 15, wherein connecting the active device
to the

13. The method of claims 4 and 5, wherein forming the electrical connections
(223) includes:

forming an aperture through the adhesive (214} to the terminals (202),

connecting the die (215) to respective terminals,

including routing the metal trace from the bond pad (217) or from I/O pad
(217) on the top surface of the die to the package level terminal below the die (215)
through the aperture.

14, The method of claims 4 and 5, wherein forming the electrical connections

(223) includes removing adhesive not covered by the die (215).

15. The method of c¢laims 4 and 5, wherein connecting the die (215) to respective
terminals includes routing the metal trace from the bond pad (217) or from the /O pad
(217) on the top surface of the die along the side of the die (215) to the package level
terminal below the die (215);

wherein routing the metal trace from the bond pad (217) or the /O pad (217)

includes a bond pad or an I/O pad located on an active device.
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respective termnals includes filling gaps between the active devices with
‘non- conductive material, and wherein singulating includes cutting through

t he non-conductive material in the gaps between the active devices. 17. The
met hod of clainms 4 and 5, including the netal trace being one of a group
consi sting essentially of copper and alum num 18. The nethod of clains 4

and 5, wher@i n The Medphdtdfelaimt 13l whelitcdniédindabe activedpiie tectaeduct or from the
top bond pad (217) to the package level terminal. 19. The nethod of clains 4
and 5, wheieerestiyosiminglsipdudesttiing gapsdetwren tercastive deiresgvitheorret al trace to

a term nal %ﬁ&é?vg%at SAsipgeartially beneath the die (215). 20. The nethod
an :

of cl ains erein formng the electrical connections includes

form ng cast el | whéroin s¢lghbitink Gedludee RO%iag ieoagH the Moh@Bndudtivaeritdianth pads (217)
to the termnals (202). 21. The nmethod of claim 20, wherein formng

cast el | at i Bf sapsdetwessithe edivedevicens i ncl udes renovi ng adhesi ve uncovered by
the die (215) fromthe top surface (212) of the substrate (200), and
forming a trace fromthe top surface bond pads (217) along the sides of the

die (215) tn coThasietiddefichimk Aaha 5 BORNing3Re mELE trA®S Brask Oe 6t BgreBp 4 and 5,
wherein formng electrical connections includes form ng el ectrical

connect i orePnpistyey esserttiatiy of geppst atd alpminugt.ni nal s (202). 23. The nethod of
claim 22, wherein form ng the electrical connections (208) between sone of
the termnals (202) includes interconnecting at least a first plurality of

di ce to at1d.eastrhanfefedtd cRims alahd ¥, @herdindBrmmBdhd¥aeiainace IR1des 8T connect i ng
includes interconnecting the first die that includes a m croprocessor to a

second di ecophertconducter frem ity tpp bond pad (2tAktortbe hackapd leveldemmiddl, wherein the
first and second die are adapted to electrically conmunicate through at
| east some interconnected termnals (202). 25. The nethod of claim 24,

wherei n separ at ThY el dldfichima A dnd SCRAEeRY Butifictht @R%al thaké trich@el he trench
(221) between the first die and the second die with insulative material;

wher ei n f i folfimgythe madtal desse fa 4 terminal(208) atrieashpartislly beneaththeldie (215).

20. The method of claims 4 and 5, wherein forming the electrical connections
includes forming castellation electrical connections from top surface bond pads (217)
to the terminals (202).

21. The method of claim 20, wherein forming castellation electrical connections
includes removing adhesive uncovered by the die (215) from the top surface (212) of
the substrate (200), and forming a trace from the 1op surface bond pads (217) along
the sides of the die (215) to contact the terminals (202).

22. The method of claims 4 and 5, wherein forming electrical connections

includes forming electrical connections (208) between some of the terminals (202).

23. The method of claim 22, wherein forming the electrical connections (208)
between some of the terminals (202) includes interconnecting at least a first plurality
of dice to at least a second plurality of dice, and wherein the interconnecting includes
interconnecting the first die that includes a microprocessor to a second die that has a

memory.
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wherein the encapsul ant includes a benzocycl obutene material. 26. The net hod
of clains 4 and 5, wherein routing a netal trace includes using netal
redistribution to join the top surface bond pads (217) and the package | evel
termnal, or to join the top surface bond pads (217) and package 1/ 0
termnals. 27. The nethod of claim 26, wherein redistribution includes
formng a redistribution layer on the plurality of dice. 28. The nethod of
claims 4 and 5, mherel renovi ng t he backsi de of the substrate (200)

i ncl udes bébkgriThe qdmf ckaimst3s wherefrthe Yirg and secpnd ie e adapted t9ur f ace of the
substrate ggF gul ati ng

i ncl udes S§ %c%ﬁ%allp%%auﬂ%ﬁca@fhp Q'ltftl"%IL clﬁeltevm ﬂﬂéﬂem&{llﬁéﬁ (§¢ﬂt he substrate
directly beneath each die and incl udl ng at |east one active device. 30. The
met hod of clainms_4 and 5, wherein singulating includes |azing the second

substrate #+hter Fﬁbﬁiﬂwﬂpda{tﬁcé?é@rﬂ‘f pherei separating theifist andisaeprdrii ingbilesiat er
jetting t ne wher ei n
connect i ngﬁ %Eﬁ%rq%m%ﬂgﬂl “l’eﬁfofij‘lceaﬁ{ljgtedlﬁgé(g&% Sg%of?(?ié @3@3“?@0% electric
circuit in@bselgls connections through any of the follow ng: the bond pads
(217), the 1/ 0O pads, (217), the package level term nals, 25 package 1/0
termnals, an awh@ymcﬁlhbg)mhwg@lgll(ngm}halawcapauép,ntmdllo bond pads over a
final 1/0 | ocat] o[fl t he elle trllcda interc r&é . Wherein connecting
i ncl udes cont acts® 51111 R8P Bt nbc CE§P§V°°§?8'§ Y598%M e of the die (215),
and at the termnals (202), including termnals beneath, partially beneath
and adjacent to die (215); and wherein connecting to an electrical circuit

i ncl udes c¥hnecilhagmethngd dfiediims duaad S, whelpmsr@all@ puekad recq elydes eB) to a

base substrat t he. bage subs 23 ncI di n U|t board.
35> The e RBrGRTI ok o A G pirres pand pEn(@Hy e s PRt dlve. base
substrate t'éﬂﬁinﬁgo?{o%iﬂ thé &dp éh?ﬂﬁé'é@&ﬁlrﬁads t’ﬁr'x'? hfdPpackaWOREfIfals.r OM @ top
surface of the base substrate into the substrate and termnating within the

base substrate, the top surface of the base substrate includes an

27. The method of claim 26, wherein redistribution includes forming a

redistribution layer on the plurality of dice.

28. The method of claims 4 and 5, wherein removing the backside of the substrate
(200) includes backgrinding the substrate (200) or etching the back surface of the
substrate (200).

29, The method of claims 4 and 5, wherein singulating includes singulating the
plurality of dice with a portion of the substrate directly beneath each die and including

at least one active device.

30. The method of claims 4 and 5, wherein singulating includes lazing the second
substrate intermediate adjacent the dice;

wherein lazing includes water jetting the second substrate.

31 The method of claims 4 and 5, wherein connecting the individual chip scale
package (220A, 220B) to an electric circuit includes connections through any of the
following: the bond pads (217), the I/O pads (217), the package level terminals,
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i nterconnect area sized to receive an IC die; and renoving a portion of a
bott'om surface of the base substrate to expose the electrical conductors.
such that the electrical conductors are exposed on both the top and bottom
surfaces of the base substrate, attaching the I1C die to the top surface of
the base substrate; and electrically connecting the I1C die to the

el ect ri cal pRRARUAD GiMinals3 3n akayBf todd, pad O(DOH), Sih Agkay Pf DOItdind ads ek at

substrate 35(])) with a plurality of first dice (315) separated by first saw
streets (3@‘5’)‘, Onloenrtion; prthy elpetsisalintereeaneet(223)350) with a plurality of second

di 315 f 58) i ' : i
(378 To b backthatRohicHRE BRLESLORICER de jofitpitie AB) M BLaBEHET V€
substrat e th38R)(20%), kitbatabiheeiitals((302) inslikling teihinkls ®ehdatis patally behdagiet S ( 355)

align with the second saw streets (355); curing the adhesive (314) to fix
the first a\msiacentdo d@gB)5k and he second substrate (350); forming a

| lity of t h : . jin. the. ali first.and. d
D reots {355 SR ARRIKHE RPor cedtica ke IRhIAEE Foholl il R MBARAT S, G ee
(315) on tdep §daleSpacksieqS20A 22083 0) base stibra&e@any tiH Kute é&kﬁhteqmtghe second

substrate (350); and singulating aligned first and second dice (315) froma
remai nder o¢luding afdireuid bosrdr st and second substrates (350). 34. The nethod of
claim 33, wherein formng a plurality of through apertures (360) includes

| azing the first saw street (355), the adhesive |ayer (314) and the second
saw street3y) 355)he aethoahgichiim 1l axludng: ncl udes excimer lazing the first
substrate (350), the adhesive layer (314) and the second substrate (350).
35. The net hod lebrieiting mes-conthestiae hasecubstrage baving eledrtal condustars ons (323)

f the fir di (315 the. fi bst 1 at 50) to.t d di
(315) o ¥eiel SifRabe iRt Qi {5aes o5 he P aubstst ik stelicnle trace
froma firgimipat Wakin(Bddse Qbsiite, feltby SurfiRY of theVasd ABSIrAEL ifdhRiek ah St
substrate to a second bond pad (317) on an active

interconnect area sized to receive an IC die; and

b

removing a portion of a bottom surface of the base substrate to expose the
electrical conductors such that the electrical conductors are exposed on both the top
and bottom surfaces of the base substrate, attaching the IC die to the top surface of the
base substrate; and

electrically connecting the IC die to the electrical conductors.

33. A method, comprising:

providing a first substrate (350) with a plurality of first dice (315) separated by
first saw streets (355);

providing a second substrate (350) with a plurality of second dice (315)
separated by second saw streets (355);

applying an adhesive (314) to a backside of the second substrate (350);

placing the first substrate (350) on the adhesive (314) such that the first saw
streets (355) align with the second saw streets (355);

curing the adhesive (314) to fix the first substrate (350) to the second substrate
(350);

forming a plurality of through apertures (360) in the aligned first and second

saw streets {355);
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device surface of the second substrate through the through aperture (360);
wherein formng the conductive trace (323) includes formng a netal trace;
and wherein formng a nmetal trace includes formng a copper trace or formng
an alum numtrace. 36. The nethod of claim 33, wherein placing the first
substrate (350) on the adhesive (314) includes placing a backside (357) of
the first subst fornéng dédbicad BotreetiomdBE) fren (it dide’(315hen tRtfed of claim
33, wherein singulatingyincludes mechani cally cutting_ _the aligned first and

second sawsubsirae(350) s seeand digePbdromibe seaond spbsirate (B80hand he” saw streets
(355) includes @% . I i onpeck] Ln the

t hr ough aperturggél{% é{lsgglg(?]hksﬁg?& %%B]g&rﬁ%%plgﬁ Ifﬂoﬁjepgngaééﬁggﬁ%%ﬁﬁecti on
(323) in afirss pebickond subswatgh(3aprrture (360) remains with each of the dice
(315) adjacent the through aperture (360). 38. The nethod of claim 33,
includes cutting a kerf in the first saw streets (355) 27 of the first
substrate 50) o]l i ubstrate (350). r i t he adhesive
i nt er nedi aéég théIth [Q)Ingu”lrﬂgcftﬁ éf}}?%?l %3?&@? il I(bzoé’?ﬁ%a(eﬁgf%ﬁy ‘?@ﬁ‘o"&‘?ﬁgg? e adhesi ve

i nt er nedi a{3g0y meludkdMadini e fifst daw Sikectl{358),itNCAINSISe BYer(3e4a) dnd thet chi ng the
adhesi ve; and | azing the second saw street (355) to formthrough holes. 39.
The met hodsespndsaay $#1e¥8(3 5ihané whersimgaingtinglydesieacimer dpzing the Srstanbstrgtecond di e

i ncl i h i cal ' I he side of
the Tixed Forke BRE Q2T BRI F BeofSRBS R EshiC o Thoa or ol ai m 30,

further including connecting the singulated first and second die (365) to
an electric circuit, including connections through any of the follow ng:

the first Bbnd Jhd negiiod) ofwhaimm Jashiereen Hemingeelentri¢ad cennsetionsg323¥fsemsubst rat e

350), th b 7 tive devj f th d
Subst 1 at o tESenheed 3T B Be e i35 b i e CHIL PR frerigetil "
el ect ri cal sy ess09 iR routMsANGndnive kdee BbmidGrsPbdtdadt(@ty)ldnrat and

second die (365); wherein connécting includes contacts at a top surface,
al ong a si aivedeviaesyrfage of the first substrate to a second bond pad (317) on an active

device surface of the second substrate through the through aperture (360);

wherein forming the conductive trace (323) includes forming a metal trace;
and

wherein forming a metal trace includes forming a copper trace or forming an

aluminum trace.

36. The method of claim 33, wherein placing the first substrate (350) on the
adhesive (314) includes placing a backside (357) of the first substrate (350) on the
adhesive (314).

37. The method of claim 33, wherein singulating includes mechanically cutting
the aligned first and second saw streets (355); and wherein mechanically cutting the
saw streets (355) includes partially cutting the electrical connection (323} in the
through apertures (360) such that a portion of the electrical connection (323) in a
specific through aperture (360) remains with each of the dice (315) adjacent the
through aperture (360).

38. The method of claim 33, includes cutting a kerf in the first saw streets (355)
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along a bottom surface of the singulated first and second die (365), wherein
connecting to an electrical circuit includes connecting the singul ated

first and second die (365) to a base substrate (231), the base substrate
(231) including a circuit board. 28

of the first substrate (350) through the first substrate (350); and

removing the adhesive intermediate the piurality of first dice, wherein
removing the adhesive intermediate the plurality of first dice includes chemically
etching the adhesive; and

lazing the second saw street (355) to form through holes.

39. The method of claim 33, wherein singulating the aligned fist and second die
{315) includes exposing the electrical connection (323) along the side of the fixed first

and second substrates (350).

40. The method of claim 33, further including connecting the singulated first and
second die (365) to an electric circuit, including connections through any of the
following: the first bond pad (317) on an active device surface of the first substrate
(350), the second bond pad (317) on an active device surface of the second substrate
(350), or the electrical connection (323), including the electrical connection (323)
along any side of the singulated first and second die (365);

wherein connecting includes contacts at a top surface, along a side surface, or
along a bottom surface of the singulated first and second die (365),

wherein connecting to an electrical circuit includes connecting the singulated
first and second die (365) to a base substrate (231), the base substrate (231) including

a circuit board.
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