; €3e"VP6TCMETHOD FOR PACKAGQ NG Cl RCUI TS AND PACKAGED Cl RCUI TS Techni cal
Field The present invention relates generally to circuit packaging, and in
particular to apparatus and nmethods for packaging integrated circuits.
Background Wafers are fabricated with a plurality of dies each having a
plurality of 10 integrated circuit elenents therein. A die represents one

i ndi vidual chip that nVETHODPEROR PAEK AGDVGadiECcerts dngy bef ore packagi ng.
Contacts are added to the die before packaging. One type of contact is a
bond pad. Wafer |evel packagi n§ACKAGFIR(IRCHITS he i ntegrated circuit
packagi ng formed at the wafer level, usually at the wafer foundry. WP is
normal |y considered as a true chip 15 size package. WLP thus provides | ower
cost and snal |l est size of commerci gl packpgifg. It is desired to reduce the
profile and/or thickness of packaged conponents using a comrercially viable
process. For the Thapmatsiahton pkoyegentrilyod bietuir eakagisg, shatied bel ow, and
for other reasons which will becone apparent to those skilled in the art
upon r eadi ngPafigulpotoapRaats aRd eghads dorpraskasing Wiwesated eistuitsn, then a is a
need in the art for an inps owed el ectroni c conponent package and net hods
of packagi ng el ectroni c conponents. Summary The present invention is
directed to formng a wafer-scale, Batlggsaided 25 circuit package. That is,
the present invention is directed to chip-scal e packages An enbodi nent of
the present inventWatrsiapcfabdesied vith aglualdy of dies gachultpyinga plurdlity od ng
electric connections .frromdie to ternmnals on the substrate, and renovi ng
a backsi gg O*ntes%%tgg FléflgI ?181118’935§§eéel?'h§ 1R FRITRSHS onp H@Y%H‘é% ](]j’lt}}%tnt, r enovi ng
the backsi denpkt §dRpaaRalifah 8djadtat Uide beackakhgigdh NQohitaets sHbslde@tse to 30
expose a backsi de oF the termnals. 111 an enbodinent, fixing the die to

t he subst thetdie befoteupiekagipg| Qnaypant eafitess isebang tade Wafor buelf ace of the

substrate and pl aci e die an the adhesive. The hesive,is cured to fix
The di o ot REAaS IR Teits i e oL gkt te AR HabeSoB | cal &y
over the ter pEyBRLSuAI9Tat HRATafeH Bundthe val B itidnally 6RIRED KNSrif &if or med from
the die thruough the adhesive 5 |layer to the termnals. In an enbodi nent,

t he ter mlhal sizapeckegndWdil thes pmusles wesdogand kmatles sigaof e@emefcidlhe

substrate. In an enbodi nent,. .the el ectrical conpections are tal traces
from the di ePtage don e yeraguts e profR sndBoluRs ot pRdicsi ve | ayer
is renmoved fgg @{eggqgiﬂg@mtﬁ{]élgﬁggmameIglia@esgl,l e to expose the termnal In

an enbodi nent, termnals on the substrate are 10 interconnected to provide
great er functi onaFbt theafasoid gatst ahayeplar kthgereasonsatateshtidoli randtfor other die i s
singul ated from adj.acent. die with a portion the substrate.remajning with
The di o, The GroiBYaE S8 Pipitcipuan b kilied g oop EUAE Bhckages
that i nchdeyaderst@dfihg HRSré&ehi specifiemionS s a nRked i BB aftfforl ffingReRN

substrate. 15 An enbodi nent of 'the present invention further provides the
ability to elecironic component package and methods of packaging electronic components.

Summary

The present invention is directed to forming a wafer-scale, integrated
25 circuit package. That is, the present invention is directed to chip-scale packages
An embodiment of the present invention includes fixing a die on a substrate,
forming electrical connections from die to terminals on the substrate, and
removing a backside of substrate to expose the terminals. In an embodiment,
removing the backside of the substrate includes backgrinding the substrate to

30 expose a backside of the terminals. In an embodiment, fixing the die to the
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expand the functionality of the present invention to a mufti-chip nodul e.
Dice are fixed to a substrate, for exanple, as described above and further
descri bed bel ow. The gaps between the die are a filled with an insul ator.
In an enbodi ment, the insulator is arigid material, when cured, to assist
in the mechagigahteshdledgtappBihoin ddnesivrifd the edyi urfRe vt Be stibstare grbodi nent,
termnals in the substrate are electrically connected to provide inter-chip
el ectrical cphmngitleadieon. thaadlesiorpahesdhasefisawed tnbk tteydiofo thhem nufti - chip

dule. | nbodi t,.the di i.n.t fti-chi dul e. i ncl ud
e o SRS e G5 A N IRt ek, el de ar
integrated Cifahiel TIBTRIKiADEReSRERA fied Prohl Rk WS Rgh it SHv&l/d

circuit. In an enbodi nent, the second die includes a procCessor. In an
enbodi nent5, tdyer tedboteamdiats. i Inchwddedinegit,dhe iarmirialssare Aondwheepadnt of t he
present invention includes fixing an active device substrate that has a
plurality ofﬁHF@@°P6“%“Bé§Hh§%®§1?§#@P3@Ié%??P%%PEBEﬁhﬁﬁiﬁﬁﬁpﬁﬂ lines are

formed_bet weggy |l fl.c. ARl HASRSREL VR BBRKAIRAAYALe 30 g hNal s or pads on

t he base subs acksi ase substrate renote fromthe

active devi cembodisienglige ddheti®Bietlistrome¥qioRen bheindakkggphesvdl thedie
termnals. The dice are separated with its respective portion of the base
substrate, wifi @posg thederstingar b a1 enybqdiapifdsmpriscigbe sebsiiptetae ni nal s. I n an

enboi dne a.top surface of .the has - rate is_ coat wi th_an adhesi ve.
o an1 erBodHERT A el et e R D S el il ef 5 o T el s
back 5 gri ndefgodikRnhasedisubshiahed filoth aljakabediwitid porsieRarfalel Ng the dice

i ncl udes singulation, for exanple by laser. In an en%odinentz'forning

el ectrical ceuhsteteiremsiningwiibée dior Fhagingnlaisd dicndckeset forpeindiodiad t op bond
pad of a die along the side of the die to contact. a package |evel term nal
o an enbod: RERECAe Rakagrihet g pCiefs B FRGERvisS oBE FEPERm AR ¢ ¢ Thut i on
process. 10 Aropabesiisaarnt of the present invention is directed to a

chi p-scal e packagi ng nethod including fixing two substrates together and
form ng dbect ri caAncumhaiementiydithecpmseant tivertioielpirtbespronidenithetapdity tibst r at es.

In an enbodi nent ,. the two substrates each i.nclude a.pJ.urali f dice that
contain the Getrgds feettditns b pited Hmuohic e iRl eiceo for m

di screte packadpedwb bRusaRia o isex@mpRAahddseriBé®atRNe afd Qltthet B&scabEES of the
package. In an enbodinment, fixing the two substrates together includes
coating the belpwsileagsps bétwebe theabioag Hledsvitmareingilator.aln addnelyidimentnd curi ng
t he adhesivelto fH4 t he seﬁonq s?bstrate n the f”%st substrate. In an
enbodi ment, DIEPFHFEE IS et At giah VLY. Ehar bR ReChENsal Gt h ¢ hat
the saw 90r egt the@hultiltdif iodhles BREL E@bSdifehd ferMitdls e S@Malereet s of the 20

second substrate. In an enbodinment, a plurality of through apertures are
formed in theleafricgihedorfriectsd tapipvileanistchiawlestiiaabegmmyhisatedrecihs cal

connections from.the first djc n the.fjirst bsirate .are fqorped through
t he t hrough 8ﬂ%wgﬁp5§£PgKPﬁgh§§3@ﬂﬁl ?%@h@ﬁn?ﬁ-&s%Eﬁﬁﬁm%NBEF?aﬁﬁ. In an
enbodi ment, HRkHh B BURICHp GRIduRAADE el n fifiteflatdd@ikchit Slentirg. el the first

substrate to the second dice on the 25 second substrate includes routing a
conducti ve t embedineninaafisi digtindheded ap anfegmated wiraet imemea\ande sseamidakie of t he

first substrat 0 a.second bond pad o 1 _actj.ve device. surface of the
Second. subst S AR BRI oo SR TRD: B e sFBRoERT

si ngul ating di&sdopCiiidesnbmaem arlsedorfddié ithded HefeMlitkeets. hi an
embodi nent, Singulating dice incfudes |azing the saw streets. In an 30
enbodi ment, cutti dg ¢rheodmentsefitbepresént civgdasn pahideafikingaotaciivegdevi

el ectrical connecti in the thr h apertures such,that.a portion of the
el ectri cal S@Eﬁﬁ&éﬁ%&ﬁsﬁﬁﬂﬁaﬁgﬁﬁﬁfGEOPEFSD sgﬁETEEWE“anains with each of
the dice adj ag@Rtunidi@oh MheUgR faRRKReen!the 8RR BIRQPEERRIpackREeTRY

el ectrical connections includes formng nmetal traces including at |east one
met al fr dif atgnoogds copaissnithgbasseldtiatd. | Thedfacko@ped thabaseasubstralim | n an
enbodi ment, form t hrough 5 apertures. and/or cutting. the saw streets

i ncl ude cutt irﬁaoﬁr}%’é? 5191 ATt QPGS TUbSHES i1 Temaed popr el SEkBE IRent s of
the present invention further include connecting the chip-scal e package to
a further substrate such as a circuit board. The chi p-scal epacl cage of an
enbodi ment of the present invention includes contacts at the top 10 of the
die, along the side of the die and at tRe terminals formed in the
substrate. The present invention also includes substrates, wafers,
integrated circuit packages, electrical devices, nenory devices, nmenory
units, nenory nodul es, electrical systens, conputers, which include a

chi p-scal e- package according to the present invention. 15 These and ot her
enbodi nents, aspects, advantages, and features of the present invention
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Figure 1 is a flow chart of a nethod according to an enbodi rent of the 25
present invention. Figure 2 is a plan view of a substrate during a nethod
step according to the teachings of the present invention. Figure 3 is a

cross-sectional view taken generally along line 3-3 of Figure 2. 30 Figure

4 is a furthesmifinssThegt @ﬁaalapatateavuaﬂatlane@etw defionsf Aedaset ep accor di ng
to the teachings of the present invention. egure 5 a plan new of a

substrate dushbrirate, nbidhod 1@§Sfe¥ﬁf@aib’dndlld@f na@kag¢ée\t tesimineds Iofant he present

i nvention .6 1s a cr ctional, view take ener ong line
66 of i gur ebodisiegtg e Stk L HCHRA Rl s O BR A sthen it B en
general ly al %H’%ohfn'ﬂ%t fhd rédoviit E%a ksidel FHhEhRe | 's@osﬂ'a RS8a&GEL onal view of
during a nethod step ‘accordin e teachi ngs of e present invention.
Figure 9 i% @rmdmgsheslmbLsnifsa‘atewmmembddnmeng sapamtﬂgade dice nahedwer di ng to 10
t he teachi ngs, of the present jnvention. gure 10 is a cross-sectional view
of during a ﬁﬁkgﬁ@ﬂogattgbe%%? By kger 611?H§11ﬂ3éﬁ%1Fﬁ11hé§11’6ﬂgF]r‘?émﬁﬁbsent

nvention. Flghicib infdeCh 830530 hR0R diLeHols ALD0 0 DRLBR] St P

according to a it resen igure 12 is

a Cross-sect ialohglthe siévo Hfhe dib for@nAciEpdekagesiced taﬁﬁﬁmdmngu tigbddigmenyf ti-chip
package according to the teachings of the (gresent I nvention. Figure 13 is a
cross-sect i oi capiBgivsrtrags isforned by amety) SeEHIBEBYRIPARSSt 0 the teachi ngs of

the pr eseﬂ} | nvent 161516(!:(111%% teofjtﬁ'e I%SC tll‘lv%nl f%rdtiregti%% zggli{ -5 g;lilaccordl ng to

an enbodi nent of t ent i on. ure &vational view
of an enbodi rﬁﬁﬂiagﬁfg ﬁl&ﬁocﬂ)hﬁﬁﬂmg ﬁﬂﬁgﬂ% @lﬁbstrEﬂegttfg@théﬁaﬂclsfoﬁnfﬂgaeﬁléﬂﬁnéa@l y top

view after a step according to an

contacts between active devices on the two substrates. In an embodiment, the
two substrates each include a plurality of dice that contain the active integrated
circuits. The dice are singulated to form discrete packages with contacts on each

15 die and along the sides of the package. In an embodiment, fixing the two
substrates 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 (irst 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



enbodi nent of the present invention. 25 Figure 17 is a fragnentary top view
after a step according to an enbodi nent 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 enbodi nent 30
shown in Fi gim@sctibd-id8-sp&ific fr@ibh@péRurleSeaitls @itodach of tHeGlidd adimetl €
according to the teachings of the present invention. Figure 21 is view of a
menory nodul the Svougldipregtuteo In e embadimangsfonhingledecpiaas eornectnrsnnélodes 5 Fi gur e
22 is a view.of .an el ectroni ¢ system accordj to the teachi ngs of the
bresent | nveliPBIE mepkices Distidie JoastoR ma EABCLERERETBITRR el ect r oni o

syst em accor iafiahig of B dePRENIRYMAL N6 BRESEREn] DR BRough gure 24 i's a
view of a conputer”system according to the teachings of” 10 tthe present

i nventi on5 Detegtutesdndes cuttipg thersawfstitéte ikatodediutteng skdrfiint didedsobhconi ng

detail ed description of the enbodi nents, reference is nade to the
acconpanyi ngthﬂls%l‘wsﬁé"és which forma part hereof, and in which is 15 shown by
way of illustrati ecifi i y i.C ' i ans may be
practiced. These %%B%@lmn%l{nstogﬂg%g%ggg{& %ﬁ%@pﬁ%&&ﬂh@?8?1]%%3@{1%?{% to enable

t hose skil | eghip-Bcdl@fackhte fo PFBELuBSritheudhusandiican boafdd THe chip-§qalde

under stood that other enbodiments may be utilized and that process,

el ectrical opackegshefriineanbodivaeiyef thewyedsat muertion inplydes wpafpgistat tf tPom t he
scope of .the esent. inventio 20. Th r f.er. and .subs e used in
the foll é@\n n%ﬂhggl&’ %118{'% }oi’r? Slldnecr}ﬁ%eegﬁﬁi}gggglgqgrgﬁﬁ%gﬁo }}’Sﬁ 61?&&5%%[&3?'& Bot h
are to be under st pR¢ip@sent RfkhEdAsSinclucdes suhitraRpPAES, inkPhted geduiol ogy,
silicon-on-insulator (SO) technology, thin filmtransistor (TFT)

t echnol ogy, phspegesaslectueal dpeidess sreieoy derdees: Blemepy taitd, alenicay grodulesf a

silicon suppgrted by a base sem conductor, structure, as well 25 as other
Senm conduct SECTFYATRIFES SEP o SO B 3Hs ® chibredls” prctiediceprditafls ' "'
foll owi ng degit@d dgsstibRt i on is, therefore, not to be taken in a limting
sense, and the scope of the present invention is defined only by the
appended 18l ai s ahlesehed pthegembediments, asphets,mdesmngesdaslicaptdsof theses t he
relative terns "top" and 'back" en 30 .referring.to th bstrate on which
|t ogr at ed cPPSEH TRgRGoH WilhBEFer T RS o ARaar P HR SV SHhE sur f ace
on whi ch t hepdrayal Secohtaphe 8RR skilRd 6y thel it BBIeBraittetd kifeWollowiguct ur e
are fabricated. The tens "back" herein refers to the region of the

substrat e bedssatiptiarhef tbeimvanteonomdwhictdnced tiavangs ordyyipracice w€ther es are

fabricated. Figure shows a fl owchart ,of a nefhod for. packagi ng accordi ng
o an 5 ool I cRerbecsy adueern su frasftes S hnteRlol RS ERRal | y

di rect edsho NRf ffaid@EImOAS KM REkthRRAGRE §6S dBres Mnd conftARioRgckage. A
plurality of dies are forned on a top surface of a substrate, 101l. One type
of a subst r apastipwady peifited ouThetheaprandedclemyst al | i ne silicon in an

enbodi ment. Each die includes an active integrated circuit such as a nenory
devi ce, processor, logic circuits, or

Brief Description of the Drawings

Figure 1 is 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.



10 application specific integrated circuits. Menory devices include read
only nmenory, dynam c random access nenory, static random access nenory,
EEPROVM and flash nenory. Additionally, the nenory device could be a
synchronous nenory devi ce such as SGRAM ( Synchronous G aphi cs Random Access
Menory), SDRAM ( Synoly Haelis vidwnafa subsaaddntiAg @ @sshddedies yocordlie ©RRAM ||, and
DDR SDRAM (Doubl e Data Rate SDRAM, as well as Synchlink or Ranbus DRANMS
and ot her enspglings ofdhopigsedalienliaryi es as known in the art. Such active

devices are testeg. to %dent_i fy and Tem)velﬁf aul t¥ acf i VS. dﬁvé Cg%i from
further fabricati ORUERYSESPHATEHI B5LSAEmeerialy 2longdiof Re® PEbENEat i on
processes, 1§3. The dice are singulated fromeach other, 105. In an 20
enbodi ment, the testing occurs at the wafer level prior to singulation. The
di ce idenbified aBigyoodisdincelaagel sedseettarhabnidwr teleaiygeharallf alonigdme f7abr i cat i on
and/ or packaﬂi Pg Agase substrate is forned separately fromthe active die
substrate. Th8 b¥Y¥ Substrate is adapted to provide el ectrical

communi cat i on t er pihAl §idfPlroddAeofhaPPllv'dt ALE olkifod @l Phoch it oPackage.
The base substrate 1s conposed of a non conductive material. 1 an

enbodi ment, theecdehsgs sitigtprasest insentioyst al [ i ne silicon. In an enbodi nent,
the base substrate is a wafer. Package level termnals are forned on a top
surface of the baFBuELdHta @ows;sertornal Gewrrigheirg gangthadsten acatding © are
patterne dj ! . . In an enbodi nent, the package | evel 30
term nal qgr eh]f%géa%ﬁlgggpgl%ﬁ%%s\éﬁt.IB?%]%QPI' enbodi nent, the netal is copper. In
an enbodi nent, thBighes B) isiacrédsuettiving viel ofldefihg b eRithcdNRPVCERENGD | S
required 7 bet ween the package | evel termnals, then conductive |ines or
traces are f@eteashings ofthepaesenisipatioat e bet ween the package | evel

termnals, 109. T 0 rf f r LS. C 2d With an
adhesi ve, 111. Inpléﬁ}eegxb%é&l cﬁ%ﬁ%f&%@@&ﬁéﬁ?&ﬁ}{g gﬁnsegl%ioﬁi Sé%)a%cggltdgl}g ttoha‘e base
substrate topuilERip@ackdgs oStl@%ﬂ:@ﬁﬂiﬁﬁd&yﬁﬁﬂt the adhesive is pattern coated
on the base substrate top surface, Exanples of patterning the adhesive

i ncl ude déreen prFigurnle Bridrosstsegianat Yiay.of fHena 8 meshadestenadcorens @ pol yni de
(PI) in an epghodient. The adhesive includes a . benzocycl obutene (BCB) in an
enbodi nment . {F%enq@ﬁ%lm %Efcg%ge |08%r%51rggt°61?ec e%(glm e4 fgli’ealgg%%gﬁwfaﬂtéonadhesi ve | ayer
general ly 10 over Fighe: phizkagess!semiinal €ewiolah lecikikdl sysieen @ébﬁﬁﬁ%@ is cured
to fix the dice to the base substrate. In an enbodi nrent with the adhesive
covering t hethsdeachigs péthsipressptinyaition. t he adhesive is renmoved from over at

| east a portion of. the, pac | ev t inals.. That is, the kage | evel
terninal s extend {Sﬁh\g\%lrﬁsfiﬁ?orqﬁ%%%%afl %!lgé FAOTGRE {a %P%q&ll?ﬁﬁso%(ﬁ?%e

adhesi ve 20hapreként i@teniemeat h the die is at 15 least partially renoved to
expose a portion of the term nal. Conductive lines are formed fromthe

i nput / out put padsFignre heisdnetevedonah giepefieagmbodyaentoétheimeaiest 11S. The die
i nput/out put, pads are on the top surface. The conductive |ines extend
outwardly fromthe die input/output pads and down the side of the die

t hrough the adhesFugrd p@graﬁ-aglmamjl@ldiwana-aegtggaddoﬁﬁhéw 40 contact the
package level termnals. In an enbodi nent, the conductive |ines include
cast el | at i onempediment of the peaspydnveEHen. t he conductive lines are formed by a
redistri gti on | aiglerm,é){?{:seasga 1;I'erllla r odivslé\{,ialf:}gltgs nla ef; g{ ocess incl udes

bl anket dépositi nggd et a1 T ed et 11 llftl on ayere%f}lC Reé"&i%™and on at | east
t he package b@Wedinicat 6 Mapredéntiid@ntib@se substrate. Next, a radi ant
sensitive film such as a wet 25 filmresist, or a dry filmresist, is

bl anket deposi t edFeare heisraedpsstseptbual vwaw takeargendialy el dine 1868gift i ve film
is then expoged.t a radi ant source, e.g., a light source or laser, to the
pattern of c it or 1ines. Devel oprment of the exposed radiant sensitive
filmforns a maskridiad 18 am RBeHSRNiIE® ofh @it dtitk deab/i81cNo Tle GAVSHIGER | i nes.
Such an etching process is known in the art as a "subtractive" process. An
30 "addi 3veshqyudsgurcslif-d8al so be used where the mask is patterned and
then the conductor for the redistribution layer is deposited in the spaces
in the mask. The 8 mask and any conductive material on the mask is then
renoved. In an enbodi nent, the conductive material for the conductive |ines
is a netal. 111 an enbodi nent, the netal includes copper. In an enbodi nent,
the netal includes alumnum 5 In an enbodi nent of the present invention, a
plurality of the die remain joined on the base substrate to forma

mul ti-chip nodule. Such a nmulti-chip nodule increases the functionality of
the individual die. For exanple, different types of integrated circuits are
in different die in the mufti-chip nodule such as logic circuits or
processors and nmenory devices. The gaps between the die on



10 the base substrate are filled with a non-conductive material, 117. This
i ncreases the nechanical strength of the nmufti-chip nodule. The backsi de of
t he package level termnals renmain covered by the backsi de of the base
substrate. The backsi de of the base substrate is renoved, 119, to expose
the back of the pRigkagR lsawetw bes birtidl mobile hacasioneeteachihgs ¢ thé di e

i nput/out put pad through the conductive lines. In an enbodinent, either a
wet or dry ePEbgmigysnbeiess can be used to etch the backside of t he
substrate to for i strate, Faor t hi nnni n et ching, an

et chant eol ution @H{Q?%%Sﬁ&%oﬁ%%w&% %&acfoid%&t% EgtFM%?%ﬁ‘:hae) and
H20 can be u}jckdAefenfioPne to one solution at a tenperature of about 60
degrees to 80 degrees C. will 20 etch nonocrystalline silicon at an etch
rate of about 300Figuré8ZWisangéw ofrsd efiectrondmeystamr awetrdieg thiledgegohmgess can be
per f or med u5|ng an isotropic etch of HNO3 and HF producing an etch rate of
55- 60 pm mi nNERIEREY BYFRIOBr ocess with an etchant such as a species of
chlorine can al so , nmuch

sl ower than speci F&’gd& %ios\?égg‘AIO% g? %@bg*ﬁ%ﬁ? ﬁ%?ﬁ%%togg:n yg%ﬁlZ%MC%lledrl or med

usi ng chenicahha&mhﬁngsaﬁhapkmahmmgn@GNP) CWMP i ncl udes a nechani cal pad
and a silica based slurry conposition to back polish or back grind the
substrate w t hout Figneadtisia aew Rf agomepesr Htaneaccording to e tﬁaﬁ@nﬁ%@f(age | evel
term nal s,ar A very thin sliver of the base substrate remains
connectlﬁg tﬁmqﬁ&kﬁ%anggnlevel termnals to each other. This remaining
base substrate sllver is cut to singulate the wafer |evel packages, 121,

whi ch include a die and a portion of the 9 base substrate and portions of
t he package |evel terni nalletailedddeseriptios yEwmbpdimgnifyul at ed from the ot her
packaged dies in anp a f die remain
together to fore ah thqn%%ﬂgwhlgp&etalg d%&tr ﬁ??glggﬁg%ﬁnb ﬁ&gg’frgg}ﬁ%ﬁg er die

and/ or ot her njyaé td theRbdor Wylhgsirawlﬂgawmm&h FPBit heldd€ antlMWhashad di e or
singulated nulti-chip are aftached to a further electronic base,
123. One lﬁypéllmllb)rwey pbiusranespreiia cabpdigiontsip avhdclsthehneentianPORy The
exposed pack e el ctrl C onductors
such as | and ggltatcé?‘ Eis Ithgﬁe ?1}3@ cﬁ’ﬁ??tﬁgre (?SC“ rolrlns%gf ]ﬁéélég '@ﬁgﬁ)ﬁ fodi ment, the
si ngul at ed duRs@kkilled nl the Bit o ﬁﬁdﬂﬂdﬁhahﬁ/eﬂﬁ’oﬁ iaX@d it & Be hintickNedd @hect roni c
base using surface mount technol ogy. Figure 2 shows a plan view of an
active devi cethsupsbedimentz oy rutdizadand Het Biopessr edriced or rry?caaw er,

hovv_ever, thec {n%%f&%%hgﬁmgg%g?@B% aeirﬂgrttln f ntl ﬁ)g s%g% &lt}{e gle tl%Ve1111cn> l urality

of input/outpu : : P ae ividua
di e that JonciTyeerme twaf@ fe LhsdSteARdd &f Be ff@lndvaelg @Bsdiipeiof ittideain bhke 200.
Figure 2 shows a schematic representation of the position of pads 202 to
better |IIUS§@&W@n¢hﬁﬂﬁﬂB§EHX]Wﬁh@wﬂpbﬁunﬂﬁsmwdpsH@hKE@bgnlzed that the

o e ot ol ‘ré“eﬁtﬁégpl%mla{)épgyg Spgls dg%lac RYo9ESRLEH (ot URGE Lh Tespect

| ocati on 206tHigfia tﬁh@lstOTUﬂ:’lt)QB&lnbﬁﬂéFv]?dbp%ﬁ ad@dndupel iseafcohthectexxt er nal ,
backsi de connections for an 20 attached die. Conductive traces 208 are

foanmed in t hePisupaldvereofzonlicrasipprteddnabase B@nwmp@wéormoﬁurﬁ, anvwehbodi ment .
The tr aCGZ% 291? #ED élelngg%rgugt%g Etll'l(l: %ureg %”ﬁ‘l‘ &/gtto 8 lglpaglggﬁé V\ﬁe'}hg ond pad

arrays, €.g. connect ing a apad in array
204C, trace Z&Bﬁnﬁ@ﬂaﬁﬂéd Mcﬁptmdsltnelafcﬁamozw& ﬁalaelaummnltmgasreﬁ@y 204D, and
trace 208E connecting a pad in array 204D to a pad 25 in array 204E. The
traces 208 cand ﬁ1e§©01mfrtgﬁpr€p@m$nwltlwl wricdinedgnly dydhe appeaded da@8D connecti ng
two pads toget$§ in ark§§|204D Figure 3 shows a cross sectional view of
substrate 200" JCEFYNASPS 'y along line 3-3 of Figure 2. A base |ayer 210
is provided. |n amhepBadhimRBriptiolRsBARE rdlAKRIteinSs Qo iRl ‘WALET whdnl 1 an
enbodi ment, the base |layer is fornmed of 30 nonocrystalline silicon. A
plurali ty30of mbnmgdo itheesubeirale patidichoptegrated eronsl axsriormed. tT)lpe tstmf ace of the
substrate 21Q 2 ude nmetal. In
an embodi nent ©Pf ll?gmb‘bﬁggﬁg%gheé}“gacﬁOﬁln‘f’blﬁlﬁﬁmﬂ%al?)iel% ]ag’%%%ld"} ° the bond pads
are copper. The bond pads 202 are separated by insulative material 211. In
an enbodi nent, the insulative material is silicon dioxide. The top surface
212 of substrate 200 is essentially planar. In an 5 enbodi nent, the top
surface 212 is planarized after the boné pads 202 are formed. Planar|2|ng
the top surface 212 may incl ude chem cal - nechani cal polishing. Figure 4
shows a cross sectional view of substrate 200 after a further process step
of the present invention. An adhesive |ayer 214 is deposited on the 10
surface 212. The adhesive layer 214 is spin coated on substrate 200. The
adhesi ve Iayer 214 covers t he entlre surface 212. Wan enbodi ment, the

N | I I 1 I L e o I Y L M N | I




15 The adhesive | ayer 214 could be pattered by printing techniques. Figure
5 shows a fragnentary 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 attachnent |ocations 206 by adhesive
llayer 214 t Oinfe%{ eﬁe@cﬁdtﬁt@t@b‘@% 58EarRake nmh}é te%% ‘bag@q{brgh Sefédroitc! udes a
plurality of di e bond pads 217 on top of the die and in electrical
conmruni cat i argiwnto thdwmbstcite bencdtmhe esface onhehich ectivEkecdit striomnds pads 217
provi de el ectri.cal contacts for the active devices and electrical circuits
out si de t he @PEcatethf erring now to Figures 6 and 7, Figure 6 shows a cross
sectional viewt 1| r e 7 shows a
cross sectional \%g\[/}vreg]gg}%g%enfym?#gﬁgﬁf% I[ﬂea(@?lll (gdn&n ?Cr%é% ag?(éﬁ'u él}ggﬁ 5 and with
an i ncr easedepls@li@entrdfghe esdht ﬁﬂ@nt?ons thw 1ilbt!ho&$58@ﬁbﬂaﬁy A7206cted toweker 215 with
the base substrate 200. The dice 21 S are pressed onto the adhesive | ayer

21 4. AdheS|VQV¢é?@ﬁ@ﬂ%mhm§wbﬁWéﬁa@bpﬁ¢dePﬁ&aﬂ?oépb!@ﬂV@fﬂﬁéabase substrate
200. Figure er .a further process step

of temovt ng LrECAamadm s ot oG [0 DR bt £ Rau el " RaRB Ve T ayer

fixing the dn(y@wzf%ﬁ]st&yﬁapﬁé §1ﬁ&(§l I%CAQ em-'g'b@nﬁémesE%{&l di8 ufcﬁl&gtah\é@twe renoved
fromon top of portions of wafer level termnals 202 to t hereby create

trenches 2211n®gmcrﬂclrrgmfsuolmas hmetopy dévich, peocdshr, tloglc hecmtspogur face of
termnal s.,202. Figure 9._s view sigfilar to. FI e 8 of assenbly 220
L tor a f0r chcuResnE RERaR FuRHn e PhSice Bttty Ry The

redi stribut 'Iﬂ@mbéy %{’ynafrﬁi'éfi‘ﬁqd%ﬁﬂéiﬂé&és'di&n&ﬂy”ﬁ&txczl%ﬁd&ﬁ%&efs@ﬁleﬁi padS 217 to

the wafer |evel termnals 202. Figure 10 shows a view simlar to Figure 9
of assenbl y BBPRAGM,end dlaflumehery. pAddemnally,dhe mﬁmsry@yhcatqonlgi e assenbly

220 into wafer |evel acka s. 22QA Thi s si n step is
acconpl i shed™B§eBRY ﬁF‘E&’I %Fl‘&ﬁ?@éﬁg%ﬁﬁ@opﬂ%ﬁ%{’ e NAEGEP 211 and
the wafer le DRI t In an
enbodi nent, égéseg%/vml;e:ﬂade I'S useéggc%ﬁ%%%?%gf ‘Garélu%a@cteﬁr>l m%}i)r om each
ot her. | b5 anSERAMIIyend DDR SBR@\MI(Bomlﬂeﬂ)ata)RatmsmMﬁIalswdﬂws the die from

each other. |n enbodi pent. a laser/water j et is used nechanically cut
the die f ron#@égﬁlﬂb%%?mb'ﬁﬁpgﬁw}ﬁ’éﬁ]ﬂelﬂméﬁ@g mesryy Heshegl °¥1§¥ 3§ s descri bed

in US pat elﬂjiov@pﬁlth&%tt' QhciS &8 ieNUERRE 1l 1 RichBR, antiir ﬁhs@e i ER DI CI NG
DEVI CE AND METHOD' and having the same 15 assignee"as the present
appl i cat i on, aohitvk daviagrplrormo dtiitloan fatsichticmapbioadedifhpowibie biyorriaflesiepce for any

pur pose. The i.ngul at ed waf e packa es ow have el ectrjcal contacts
on the back 2Br¢30R Processes, {(3q ﬁ)&fdé‘?e Fevd ‘ﬂla Q%F%C%Z@Eer i)dﬁl é%t op

surface, 2p. eembéd?ﬁeﬁloﬁlegggtfng%cﬁg aCABGHEL 1Y &1 bh&eto%%%%g{lorl"hpgﬁ@ pad 217
and on the side surface, i.6., the conductive ITne hese si ngul at ed
waf er | evel ﬁenmﬁmﬂ@md2121&/&1amilecﬂel’(ﬁdceadycfonﬁmhbefabtlaalkmchndmrt op of each
ot her or contact .other circuits on one, two or, three sides to inprove the
functional i tRAKP8IPRe active circuit within the waf er level package 220A,
220B. Figure 11 SRS ihshib Sl RALE] SHAPALTERM 0F ik A exRfhed MygNtion. An
assenbly 220 is prepared as escrl rough Figure 9. After the 25
conducti ve Ilbasesulmateaiscad:imequno‘tlheelbctemalh@mlﬁlﬁﬁcmoe témlihasl fasithdr a non

conduct i I 227. Dice con nect ed ically together by |ayer 227
r emai n t§§ five 44h puratrIgng ﬁaﬂﬁaa gf‘éf bave sHoSpisoR R Sediota Rench

filling mat efdlﬂhc@\te ARk 48 fn 'eﬁ')%h&ﬁ?lfeﬁt,"i‘hﬁio%)f's%sqgte(lg)l:lgysta-ml% shiggch f1111ng
material of [ayer 227 |nc es a benzocycl obut ene in an enbodi nent .
After | ayer Riah érsb@bmbny thedatdenbbiaak & dwafef. Badisge lave t&ffinals areenoved

(Figure 12). A wafer |evel kage 220C is forned. It wll be recognized
that |ayer 227medgnga tep ﬁwéa%eﬁtlf ase Ssiraient (r Swch Backage |eveligrainglsdi ment .

In an enbodi STy yg the top of
conductive I?%ghﬂ?%gd %3% éﬁ%ﬁ%ﬁééﬁg i%ggé%&gﬁﬁﬁggéﬁﬁéﬁﬁgw 0 connect to
ext er nal 30! erimiradl are fdriedto$ a nkdtgu he ad Smbodiweng td meth] 8e6e58) In 230

i ncluding a wafer, | evel package 5 220A of the present invention. A wafer

| evel package@nbodment thyngebly alwnignme leelestrisa]|cosymmasation bistiedsired 231 usi ng
surface nmount technol ogy. Wan enbodi nent, substrate 231 is a PCB.

El ectrical system substrate 231 includes a plurality of | and contacts 233.
The plurality of |and contacts 233 are covered by a conductive sol der 234.
Wafer |evel termnals 202 of wafer |evel package 220A 10 are placed on the
sol der 234. The solder 234 is cured to nechanically and 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
used for a multi-chip nodule 220C whi ch woul d r equi ne additional contacts.
Flgure 14 shoms a flomchart of a nethod for packaglng according to an 15
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20 wafer containing the active devices to a base wafer that includes the
wafer |level termnals and is coated with an adhesive | ayer. The adhesive is
cured. The active device substrate is then cut to a depth at |east equal to
t he hei ght of the active device substrate, 332. An exanple of this type of
partial cut tbéi@eéﬁﬂﬁ%ﬁaél&@e kel @minglsdss comREtiva]ikdsDr 1RBELRE faRRMI cati on
serial no. 10l 232,226, titled 25 "WAFER LEVEL PACKAGQ NG', filed August 28,
2002, and i neothedrst sbstisic betfvsee Hegabkagsilevel trmanms, p09.pose. The acti ve

device dies are n separate trenches.. The adhesi ve t hat ins at the
bott om of the treﬁ]\é\lﬁtod?r?uffﬁ‘ée %&E%b%sﬁﬁg Sﬁréfee‘sﬁ%e‘ﬁ%tﬁ@ﬁégpesﬂ‘ﬁe1Ejfgﬁbf t he
active devicg, | t SQ.] f.en I ) uctive
lines are fo%}r%%b(?c?g%]}ﬁ? ?#R%ﬁ%ﬁ‘c’%&% a%g(?g ﬂ(])%‘@a\ég SI% %{ag:tgggﬁga%gﬁgg package

| evel terf nad embddimen{Thie adihesivenipphfl@utcpaied pads: e susstrateaop ey fser f ace. The

conductive |lines extend outmardly fromthe die input/output 13 pads and
down the si dExarPlenel patening thegahesks 1BelHES poyeen pijdingeyd R PENERE| y and
electrically it : - Lerminal I i t he
conduct  ve | THoRiee iR B2 s8RRLEHT) o SLaRRRe! T8RRI ERRL
conductive | i begoay@othaeieaBOB) idal edbsdifehtit i on | ayer process. The package
| evel termnals 5 remain covered by the backside of the base substrate. The
backsi de of the babesiggysted dice arspicksdnddlaced 9n thoadhepiys tayehgensedly of t he
package level term nal ich.ane npected to.a dle | t/ put put pad
Phrougn the tuh i Beeste i Emifig 1 3R BE rRlab e i€nitrEie AR BB | ot chi ng
process can PR yaseehvbRate! Ehart dfvdmaksivieh Ok ah@i RSt Belplclfapgem a t hi nned

substrate. Alternately, thinning can 10 be perforned using chem cal
mechani cal plvelshimigals ChPpdheasive 13 repiaydé srom orese ableast alpoptaen efitiea sil i ca

based sl it ta b .pol i sh b .ind th b ith
chem cal et CRCRGE: e Baukfeur i i Pk R g B RIS 26 now

exposed. O hgbmme feuthGdldf )hedlib MUY tHRIQAEEFREBal 18 not Bsheh@® thOlRAS at ed
circuit processes are within the scope of the present invention. The 15
di ce/ basdSsulssstmattiallygemovedsp sgpdsgtaggrtiapdf the fermewdled t he singul ated dice
with a portion of th ase substrate . S gconnecte 0 further electronic
SUbstrate, 123 FFGUTISEYE SIS el o (R P ipa el dhe TR FEsent

i nvention. | pPadkhbS1c0aReshiAREL115! Whe AtIBhHRRSt FAEs HBGH hapRara&d i ve
devices forned on an respective, active side are joined togther at the
substrat e | eVbt conductive esentsod onevardly fionhthsuibs mpat esp@iedared dafer s and

are joined togeth at. t he fer level. Each substrate 300 includes a
SUbstrat o bal@ e nEss i e R SRR Bveirely p8" Bedreey ayer 355, The
subst r at @obagethAYIRS padRike 18vIRIREHAS tidlahicRodihdt Qe tohdBL R ment . The

active areas 352 each include a plurality of die 315 that include the
active ci r cuinchidglcegielldtivallings. cormembediment pba dophugtvealifes ank twmeg b315 are

bstanti al | im.Jar to di 215.d i herei n. Bond, pads, 317
Subst ant | i | 5 &b Ron Brsitrefadu Srocuntlor Buff ordr AoniREBIBRG pads a17
are formed oBefdiRinkGn&h] febRtrbuben Bler dieiRlde: £1dUn dtheasbhbpheialie base | ayer

350. Individual die are separated fromeach other by saw streets 355. The
top and bot t veklghsmakstod shedpee substratien dexi, aagdientetnuaehiilon seeh gsva whit

correspondi ng, di e.30 315 i.n each of ,the top.and hottaom substrate 300 align
Wt eno 2ot AR et oy g e B B e R THTRR B ot her
The saw streqhs rafmt QénsithR 181 tiftn expoRalié AkRlipRdbEct i d ggtsbyrcabove the
saw streets 355 of the bottom substrate. In joining the top substrate to

t he bott om sabkseratoethe hettdyoof cmdectosingst ddvslophieppefthe expdsed radiant backsi de
357 faces upward. The backsid 57 of the bottom substrate 300 is coated
W ih an adneSipuive i RAFSE Fpek Bahcabeint e Mep S CBPTHEtS adhes! ve
214 descri beﬂn&erﬁcﬂ-an%?&ﬁ% H8c39% 1@bwhNg Rt SUPSLbR@iveSpRdgMy, i nto __
contact with the adhesive 31'4. The adhesive is cured to fiXx the substrates
t oget her .30Thé&adbnvetpreesscBibalar be ueadtviteat the nadskgnpaterwedpndrthdr thy of
through vias or apertures 360 are formed in the saw streets thr h both
e top SubsEPuiElat o ok st pandaety Srpashe B Seagecen s thmiki W | oot no
the saw streets to burn 10 through the two substrates 300 and the adhesive
| ayer 314. 111 an enbodinent, the laser is adapted for cutting substrate
structures fabricated according to known techniques |11 an enbodi nent the
| aser is a solid state laser. In an enbddinent, the laser is a

yttriumal um numgarnet (YAG l|aser. In an enbodinment, the laser is a
neodym um YAG | aser. The | aser wavel ength, in an enbodi nent, is about 1



15 mcroneter. In an enbodi nent, the |aser power is about 300 watts. In an
enbodi nent, the [aser power is |ess than about 300 watts. In an enbodi nent,
the | aser power is greater than about 100 watts. In an enbodi nent, the

| aser refresh rate is about 3,000 Hz. In an enbodi ment, the laser refresh r
ate is | ess mhdnamboytcodd e zaterldd oamhembadis Mntrembhel. | 1asar refresh rate
is greater than 20 1,000 Hz. In all enbodiment, the |laser is an exciner

| aser. The |&skedingniygyqonpretiveanateisd forthe epndyichye biesdsie gt ha wor kpi ece

(here, the stacked subhstrates 0) as the | aser .doe ot I chani cal
stress onto ?lﬁléocﬁw&ﬁo?%eclggta&nﬁﬁlg?%‘mpp?'Q‘P aB&H@BéW@i tB? H’QEER@%“ Pe forned
fromthe topyghguend pads 317 to the edge of the die and through a
respective via 360 to the bottomdie bond pads 317 25 (Figures 17 and 18).
The conduftive | ihem G@l%dment afitheprchynt mvestlos tplbalifyad theadieremaiocess as
descri bed herein. nductiyve lines 323 are substantially sim]ar to
conduct i ve 1JoHEd 021%5.6 gwubﬁéatwrffsme&wtlsﬂhiuz;weeﬁai Such %axulwfélpj oi ned by

t he adhesiv i gal : : t.h aguyctive |ine
525. The 1 nd o ea T sen 38 kel RARRT LR hEShE] gy T8 A bic RBRHEN |

Si ngul at ed diypes36X iategeadl ¢ircags agria difdrematie tethé ynudtiroltip meodufe giches19 wi t h

t he conductive, line 323 15 remaining in part _of via 360 after cutting the
adj acent di elogicsdieHits eEPIREessers@if Mty AgViFe: i1 .8aps betiveen Wsdif @% 5 As
shown | n i OGS &0urkdRe Afe FRLAy B BRHA b S0 BYEaRASK 90011l G52 of the
present invehntion may be conbined, Wth or w thout protective casing, into
a circuit mogigntechRitaltseepnthanae miltiokiiemddulee functionality of an

i ndi vidual die 2001. GCircuit nodul e 2000 may be a conbi nati on of dies 2001
representing a vathebgckstdefofthranaskage lovel eragi earaitoepvereddivale 2001

contai ni ng the,s. 0 .functional i l,n: an odi nen circuit nmodul e 2000
el udes ot PEASACH R SEREIS R, (M pacd b RS PR o ed i chr e
die 2001 is TBG& ¥hsbse Mok offedatkf® 180 kr@inaty, WhithtareBslidected @B i ncl ude
| /O structure in accordance with the invention and/or are fabricated in
accordandé wiieinpuieupué pahthroyghche conlucyyainesnioen ebedimgniesitkag@l are

[ d i 052 | ' it.b 050.15 h h k
| ovel  term naFeohs sl LTIkl 0 OBE laide o iepbilEhe L7® PeCKa0®

communi cat i oforitf 4 fhiriR@ sGsHabs tForitKinhiRg by vk eRBg; ar Sicldnt gsTRASH ent , package
| evel termnals 202 or conductive traces 323 are in physical contact with
contacts in eqéaigingta posre of KOK (Patpsstan Heydtoxidehend Huf® gan be palidedge | evel
termnals 20 r i-ve_tr e fit iont.o the-sl 2052
agai nst the %(f%g(%(?\tggg?cglué 1 ?%aet%ﬁgﬁa%%ﬁﬁgebroélpBgaég}eélsnto é?é%’gleee%& Wuﬂ% anot her
enbodi mend, &eRhRmObyStadin¥BiUidonianed bidh Rde bAAKbup30( &Y 31O anagbMatmihhe contacts
according to the present invention are nounted. The nmounting process

i ncl udes an AMrthgr wekeishingprocassaep be peepmead usingpauprandoeich of 5 nt ed
circuit boar i.hg, ] and t.terns i ch. 25, sal der paste .i.s. appli ed,
oo by pr K BB g BAL G s Bt s R pREERGUEErE 2001 o
the present giN@khéad stk ofcldtinddaced Riutlized MUR]s dabd, hd dién package

| evel term nal 202 or conductive traces 323 aligned with the paste covered
contacts of i#ewibhamuckilonst thahsppraficbgwveeddiernatalyithianiagzerber conducti ve
traces 3 or_the unt contacts are reflowe cr e hysi cal and 30
el ectri cé? cBer%Er;%% eggl R C1e]§(1)cr?gméa’>%éarlrlb(faliegc’lbs%ll}?d(cclﬁ\?@lJi@%HﬁﬁgﬁllgesiancI ude nenory
modul es, devirkehdhidal phd anP9¥WEta PREU sRry coRIpakfibs &) bR pdiclessbacRr 0cessor
modul es and application-specific nodules, and may include nultilayer,

mul ti chi p rogunéthesubsiratpwithewt demicahetobing dhe packesygfaoee! tha pegkiagd a chip
according to thﬁ 1oresgnt_ 5 inventhon is inserted. Crcuit nodul e 2000 may
be a subconplﬁ‘(g ergina %%P?\gteggp%sle el ectronic systens, such as a clock, a

television, a celly RBQREN sBvRVT I WHse SHIRHPEMAiRD cAMHORMDELE Bacl@Be | Ndust ri al
control system an aircraft and others. Such nodules will have a circuit

modul e r é0ei layel iermimaisah eaclcothewi Thismoulimngbesesubstigte divehis cpt ®sent
invention is inserted. G rcuit dul 0Q0 wi l] .have a 10 varie of | eads
200yt hr ougn 5BEEl BxvaRic brdpess Taf et iopiea e trposBiadtbe v
term nals 202 or conductive traces 323 of substrate | evel packaged dice
2001 providing unilateral or bilateral comruication and control.

9



Fi gure 21 shows one enbodi nent of a circuit nodule as nmenory nodul e 2100.
Menory nodul e 2100 contains nmultiple nmenory devices 210l contained 15 on
support 2161. Wan enbodi nent, support 2161 includes slots 2152 for
receiving menory devices 2101 as described herein. The nunber of menory
devi ces genepal At%s@ﬁévﬁﬁtﬂigomsﬁéﬂoftth@pﬁ&%é R¥elesnminhid! Badshckheddgsis e for
parity. Menory devices 21 O1l include at least die in accordance with to

t he present singubgd foom tithethsuppkaged Zidd in amembddisiest chensmeidonet, ¥ ecesses
or the like 2152, 20.each.adapted to receive a nme device, 2101 and
orovide. el eRHARYIOT AT REN B B0 B Eh® T bR P Se 2101
Menory nodulg, 2309, &8C8 c ;! SRads froman external controller
(not shown) on a cbnnangkffnf @@g@ aﬁzﬁprOV|des for data input and data

out put ort dat a | ilnks e2ib68imehheheongmmed diende s#ibGBitaineultiadhdp ldodkles 2165 ar e
connected to |l eads 2167 25 extending fromthe support 2161. Leads 2167 are
shown for cofcefched o bigberedecionicdiase.dge- QnsityrscPfiedectAic hass ISidons shown i n
Figure 21. g of an electronic
system2200%55%&%fEt)|8£‘r%|h(rét'ué%;%néFP&3otf1m)%£os§gI %%F%?kggq?%hﬁggéﬁ: At | east one of
the circuit eleidaBy caRMtedan taidustods, dich dsnaRtsaredaneethsifinhdrhe present

i nvention. Electronic system 2200 17 general ly contains a user interface
2269. User ichacEenigdase? gmmnwme@t,eth@@@guletedtdirrememel@tqlmm@dgly@t@m 2200

with so or _.observati o ts of the electronic
system 2 0%@8?% i%ﬂ?%lekgu%ltlc & St%sélﬂta%\elgo‘?géﬁc i@lg?ﬁde t he keyboard,
poi nting device, mpitthAhoRs aPldnVi&) 0Phn ActRRIFS PR bubsRERYDE! As3hbRE tuni ng
dial, display or speakers of a radio; the ignition switch, gauges or gas

pedal of an thusubstiblic 280 ismeafehdiovarer, feadesent g, is d¢tslpm§qd torondyir rency

di spenser of machi e nterface 22 y further
descri be acé@gékbdéPgﬁyﬁgﬁﬁggﬁg?gmg %@FWSR%% é%%?%ﬂ? SW;%§§ poets are
used t0 CONNREIndARERH AL thANh Sy SHRBUEASIMATRE RridNsh Blesubsede | Nt er f ace

conponents 10 previously exenplified. One or nore of the circuit nodules
2000 nmaylbe 2Q0piigres 8 shows osihdimatic swpmeschtetion of theposiion af pagis 208emt rol  or

direction of ts frgmor outputs t interf or of ot her
i nf or mati on b@it‘?‘h‘iltmba#% te@di?sﬁwgﬂttt‘?tl % ‘Bﬁlettﬁlﬁ%%m@g(ﬁfﬁt ﬁtﬁqﬁ"é’fj el ectronic
system 2200.o0l5; @f}p%@ﬁ?giu'aﬁ Bfnall&! a%@tg[é%t'ﬂér(fn ﬁﬁ(l%ﬁ%@l?g@}f)éc'ﬂfd tlﬂges menor y

nodul es 2100. As W | be apparent fromthe lists of exanples previously
gi ven, el ectspbsifate %%t:ﬁna@aw@f windipads 2@hddfimeas sifachaaat logation 2@ foai n

nechanlcal nat sh in,addition t ICUIt dul es 2000 and
ooy s oy £ B30 bond P el B byt sl Backia S TR O BB 28 r o
nmodul es 2000itiabheRl BE COM 1Y BLRENER AR BAReIB theflraad 20 batwdeRd! €

integrated circuit. Furthennore, electronic system 2200 may 20 be a
subconponentcegpingond pgésy 2 1e@nreuﬂn0dmse}1$t &he tritegupP@ pryidadeniricale enbodi ment

f | t t 2300. Me t 2300 t
Cne o Cror & BB e v TER Yol S F t e S YR RISAEERE B8 Sont Cone
of the nenoriy afagabes t2d &m%ﬂagdescauﬁe@ow c%ﬁﬁéehﬂga?sdmtrhaﬁtﬂaoresent

invention. Menory controller 2370 25 provides and controls a bidirectional
i nterface bdbwead imemray 30453 sné tra@32IB FEagrainegtinget e na brray 204 doaigad2 37 2.

Menory s ten1230 ts a nal fromthe external bus 2372 and
Yol ays 25t gheay aREE o TG e ARRER S bl Bt PISET B AT R k2374

Menory systemsz)?&ﬁneétﬁl\gltet%%aaé)fogaﬁtlamlamytzomd data output between the one
or nore nenory nodul es 2100 and external " 30 system bus 2372 on data |inks

2376. 18  Fi gur eFiguresiwimwsa ciass sérttonglshod iofreuitstrate 280 talepgenaalle syst em as

a conputer system 400 contains a ces 2401 and
2 enrory sy A Dot REEIAE Pt Tt LD BRI Badt ah RSB Ment . ¢ he
menory syst eigs@ 8R8r isRYaHIRSA Hif énfbo@ﬁﬁ&ft%@ﬁ@se%};e?]stﬂﬁn% gsent i nventi on.
W5 an enbodi nent, processor 2401 includes a die i'n accordance with the

present B@tvenbm::mystellhnmhmrboﬁ pheaiity of benduwetior hond ypate?i2aard fpmedessor di es.
are conbi ned_  accor dj o the pres i nvent i.on. uter system 2400 is
but one exanpf &R ﬁe g ‘@Ets?‘bﬁtﬁa@ 7513995%-‘%%‘9 EBRPSMENT f‘;‘?p%@fi éq?:’ect ronic
system i.e., nmenory 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 nonitor 2485, a printer 2487 and a bulls storage device 2489.
It will be appreciated that other conponents are often associated with
conputer system 2400 such as nodens, device driver cards, additional
storage devices, etc. These other conponents, in 15 an enbodi nent, include
a die in accordance with the present invention. It will further be
appre0|ated that the processor 2401 and nenory. systen12300 of conputer

Y. Y o T Y 1 T 1 D



20 Conclusion It is desired to reduce the size of packaged conmponents. This
results in packaging nmaterial savings and increases throughput by r educing
packagi ng fabrication times. Mreover, with the growi ng popularity of
smal l er el ectronic 25 device the electronic conmponents nmust be as snmall as
possi bl e. Theclpdesend. imaeahbalimbnt tHeerondrpais gdeslumeihtmddn ker produci ng a

packaged die. Wan enbodinent, dice are fixed on a base substrate that has
contacts or ¥Ebadingnisthedondadsrse eopper-THae Bprdpads €02 prscteprigedity connect ed

to the term.nal,s... For. ex I top.level . 1./ O pads. of the dige are connected
to the t er mHaNEiysRas T odo b EppEEEe RS PrlelREC 0508t °t he i ce
along its sid@exite THhedpfuFfbd) B ORBYdtE200liscRsenfinBy PRAKSIIHGnOf the base
substrate is renmoved to expose the 19 backsi de of” the term nal thereby

form ng ast rambakmpntsthedopaokagdl? Thgankirzed afiembwbbed pids@iRateed. Thi s

process can pe rformed at the wafer foundr her eby i ncr easi ng

Pbr oat | on PRPBLPBHIT- NG toh BliaE 2bs THAVE e TieCntal GrEaRac st r at e
handl i ng eq%oqﬁgirﬁ to facilitate the present process. Although specific
enbodi ments 'have been illustrated and described herein, it wll be

appr eci at ed by t hidigerecf shomdiartaosg seitidnkl viewtdfeulastiate 208t afeeny fatlieangenent

which is calculated tq achieve the, sane purpose maé be substituted for the
speci fic entJarste AR o8 HsmicseRbmy cHipRot/t rEKSIVEAaYehel 4 invepestisd oiths be

apparent 160 $haser S PraldiaLive bkl 2148 5 itﬂecoafeh'og%ﬂf) tr SpheOt her
pnent nmay be Ut

integrated 10 circuit processing equi 1'zed Tn conjunction
Wi th the invaihtsionlaytio2]4a0eethelec @xaephiface@Deln knt@Bsdhre, g Ccui t
fabrication processes are adapted to produce the dies _and chips according
to the preseithesingkayes Baludacepelgmids yn ap gmbodinpnt.dhe pdiesive 1ayst ended t o
cover any a j I at f 1 e (o] o W B O ;ni,f.estly

i nt ended thgﬁgbﬁ%gﬁﬁze ﬁk#@%%%gB€EZi?%%l%ﬁ?él—§ﬁfﬂgq?g%%%%?%%%gﬁé§ns 15 and

equi val ent s pdnerreafsucl2fhat it Theers avent tentatiahemdodasions 206/ ometehdiel, conpri si ng
providin? a die; 5 providing a substrate having electrical signal termnals
t her eon; 1§ i xIhfpdhgaveiayeiohl 4 ¢paldbmpatiesed: by g decBnigesi cal correcti ons
fromdie to the term X r I . I f trate to expose
the terminal 10 2.2 egﬂr@twﬁga(:&ga ﬁe@‘r)ay{ﬁ]ﬂ‘ff%lé\%igrgqb%§%‘§§9§%ﬁ%ga %ﬂglﬂe i ncl udes
provi di ng a jtoeesk BiRpUN Hlgratiny bidie gl Ktvadcls inctudetaciv@vcedsvdlca. 3. The

met hod of claim1l1, wherein fixing the die on the substrate includes

appl yi ng adhistigiased ¢reyits ogse Sied tocthe aftaqhient lasationst296 byladbesing leves die on the
15 adhesi ve, i Lve toafi e fi-e_qn,the .substrate top
sur face. 4 TRa8 G s Al B BRLESLNEN Do otk O HsTnfled X BURL e

provi di ngoa dle®oh@psdz@ 171 tpRdstheidartdoi ebdtbd @l CordinuhfRetiéh @ithA 5. A

nmet hod, conprising: )
active devices in the die. The die bond pads 217 provide electrical contacts for
the active devices and electrical circuits outside the die.
Referring now to Figures 6 and 7, Figure 6 shows a cross sectional view
taken generally along line 6-6 in Figure 5. Figure 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 dice 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



foam ng active devices on a first substrate; singulating the active
devices; formng electrical termnals on a second substrate; coating the
second substrate with an adhesive; 25 placing a plurality of active devices
on the adhesive; curing the adhesive; electrically connecting the active

devices to r@sRegticHR t%@l@ésrﬂﬁ%kteh@fn@‘f&ﬁhﬁ &m tbﬁﬁp&bé‘gl?tob@@ ks feraeé the
second substrate to expose a backside of the 30 electrical termnals; and

21 singul atfitegninile 262.c Bigresbwtwsa Gewsirhidarre Figlire 8 dliadsewhly22écal e

packages that,.include at | east e active devi.ce and ortion.of the
Second subst #1fF & TUBHSE Pragsss TieR HogrBREA ST ILGhIENEr o FgPUsREUEPRCt i cal

term nal s | nelddeyPORiREd ke 28 PRALCHL NS JaBY 517 Rn”th@vJa?é? 15w f ace of the

second substr erein patterning the

conductive | ﬁMﬁmalsrﬁ@Qu@@n@a@ sleyws ngew sireilalto [Fégues O ol Bss8mbljrE20nafichod of
claim6, wherein formng electrical termnals incl udesqq&l anarizing the top
surface of t%éﬂ“%?ébmée%Gtﬁ@toffétnélﬂagﬂg theeassrsitip 426 mte waf %’elmﬂliﬁ&qsn r enmovi ng

Cubctrate. 1020Ae TRBROTERRR G 4% REHIRRRLREE! MebAi Ry lfiull g« ne

active devi c@souph thempglative/Ry&l2a¢ tahll @) wifer By Elakenihile LOT et mutl ng a netal
trace froma bond pad on top of the active device to the electrical

term nal bel @Wmﬁéla&‘dbﬁ dige @i bean Q@boﬁlmeﬂfhésﬁébhd@lstﬁseél% m 10, wherein
routing e net.al g.t he ace to an, el ectrical
torm nar e FEQBpicaIPER b e ik rha° 1 OF oBBMEnebl T8t Ry RS hod o
claims5, Vmel'h@élﬁnﬁJaﬁ?Eut' tﬁ@hie&ﬁ&@@&lﬂ'ﬁ(‘dthé}ghﬁ &?eﬁ%dli{ﬁnﬂﬁ\lés‘éﬁﬁzaiei?%e@%
respective electric termnals includes filling gaps between the active

devi ces wi t hused mpschameallyotuit the dieifremi eakh othsr. Ahembedinwut of thel ai m 12, wherein

o 1Ol 2110 e Seeon SURSLL 8 L FuLt g AP, DR SGR0UCt T ve

titled “WAFER DICING DEVICE AND METHOD” and having the same

15 assignee as the present application, which application is incorporated herein by
reference for any purpose. The singulated wafer level packages now have
electrical contacts on the back surface, i.e., the wafer level terminals 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 is

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



30 14. A method, conprising: 22 provi ding a substrate having el ectri cal
sipal term nals thereon; placing adhesive on a top surface of the

substrate; placing a die having top surface bond pads on adhesive to fix
the die to the substr ate; 5 formng castellation electrical corrections

frOlll top sperfiaces denel Pads drtbodiigert UDS N ahBodigieni, aks22Bogly flgpvi ng a
backsi de of substrate to expose termnals. 15. The nmethod of claim 14,

wher ei n r enol¢ fignghse 2Bhtekying éheotop i eonslis v e hnes 228 andboudpadsotldkgri ndi ng t he
substrate. 16. The nmethod.of claim 14, wherein renoving the backside of the
substrate i néPHf: sangt%lg?f?ag’be ttor?(?mb%?ﬁo %’ﬁ?%ﬁeée%‘_fl%lﬁgcgltfbs_trate. 15 17. The
met hod of cl ai m 1g§g,her@bis b #hal A8erRg28bliAdlh@ng 8 WRgd bt basi@BEECt | ONS

i ncl udes renoving adhesive uncovered by a die fromthe top surface of the
subst r at e5 ari2OfAoofithegreaertt iimacetidm.omwifer levg pedrdgad@lhonthopaidd takiong t he

sides of the die to contact t substrr;}Ie el ectrica siglnal termnal. 20
18. The net HOeF!BF2! EYSiEHsUALalirel SSREsYFAs G OPHdetnatogYi MtMldes using net al

redistributi bR & H9p; ACe10end1 BARBthIR BYNRLLALS

el ectri cal sc?lgbncg?ntﬁe)[? rr%btrsltgftf3 1[9)153%6\|P¢ret %o : “Conpri s?ﬁjgs: 25 fix(:é ng "a plurality
of dice on alsetahistsfdted axneactss? 331 Thelplarglinfofpackagencts 3 3taee noveaddhy f or m ng
el ectrical connections_fromdje bond pads to the package I1/Oterm nals; and

renovi ng a FeREPeEvespldendid4yBefedevs! fesmaghod? qfﬁréafﬁralgp%%{g)@clfqg@ 228Ani nal s.

30 23 10  are placed on the solder 234. The solder 234 is cured to mechanically and

electrically connect wafer level package 220A to substrate 231. While shown
and described with a single die wafer level package 220A, the same assembly is
used for a multi-chip module 220C which would require additional contacts.
Figure 14 shows a flowchart of a method for packaging according to an
15 embodiment of the present invention. Processes 101, 103, 107, 109 and 111 are
the same as those described above with reference to Figure 1. The active device
die are not singulated in this embodiment prior 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) is 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

13



20. The nethod of claim 19, wherein fonning electrical colnections includes
f01111111g el ectrical connections between sol ve of the package 1/0
ternllllalS 21. The nethod of claim 20, wherein formng el ectrical

col uzections between 5 sone of the package I/O term nals includes

i nt er conl ect pa1B aall db@aske ddé bff the defthidagh Hdddbiivy 1a9r WiphesitAlyaindl east a
second of the plurality of dice. 22. The nethod of claim 21, wherein

i nt er col ui eceleeigcalhetondnst themrdrage tavektermpalshdn ﬁil cgdm@n@nt,hlm has a
processor to the second.die thod of claim

DO eher i n r G S R U e eI a iR, MR P RMEE onasacond
die froma rﬁﬂ&'di‘éj?cfnn%fi bk'ﬁe(ﬁé‘tﬁﬁﬁﬁ&ﬁﬁy&%r&&%ﬁn ”Phenﬁgcké sy d) tdReie. 15 24. A

nmet hod, conprising: fixing a plurality of dice on a substrate over a

pl urali ty50f1qnmhka@e1¢cbhs>nn11abhd<sma©tﬁthd1aase adqs&atenﬂhdbeclmmrdﬂtm leamon
package ternminals; electrical I%/ connect | %flfis of the di ce to the
plurality of SYaEREsEremaVadNdPsto eZBOFreéH%W @féh%% agsvelitempBalsupst rate to

expose. the PLUIAIL vo BloeDARKRE bR ROULALLAG 1hhe Blurality of
(RIFLEIE AL ILAR B SR

dice with a portion o e substrate enea e to forma
chip scale pac;kmg@dlmzﬁt 2bher Bheet e tihodclahg pfoaemczébewbmirteletbhsthagul ating

I ncl udes cutting through the common [ﬁacka ge termnals such that a first

pol -tion renBicksidgi efithesybisirate toyforpipdt H]nﬁiiéPszlUﬁ‘teofAléﬁ%elén‘Bmé}l@e@@nd portion
remai ns t h ggﬂ I

conpri si \28 p‘?ggr? ﬂug{ngecﬂg%lr% grge&{?hfcxw&lsg S\ ﬁ\i?é@lgaﬁegqan |/ O pad

at a top surfreekinidal p¥d shdWsiBeShHasd glaﬁyc&@pomoxeioe@bkp@ﬁéh &iwgel termnals
thereon; 5 fixing the die on the substrate; f01111111g el ectri cal

connecti ons grahibersubstrate withow chernisalgitehing Thebaskisytfncerof thepavkagd s; and

level terminals are now exposed. Other mechanically grinding processes related
to integrated circuit processes are within the scope of the present invention. The
15 dice/base substrate is now singulated, 121. If needed the singulated dice with a
portion of the base substrate is connected to a further electronic substrate, 123.
Figures 15-19 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
silicon in an embodiment. The active areas 352 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
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removi ng a backsi de of substrate to expose the termnals. 10 27. The net hod
of claim 26, wherein providing the sensor die includes pr oviding a sensor
die with an optical sensor in elects ical communication with the I/O pad.
27. The nethod of claim 26, wherein fixing the die includes applying

adhesi ve 15 abefiatt heuklibsdiratlg aberdhe saw sigedt1®s sasiths byteom 268bstrhlee Imet hod  of
claim 26, wherein fornling electrical connections includes funning an
aperture t| nosughthered subsBate e thedottpa Sé‘b@b’tt%th%lpo'fgling pehstreteripdliaed, and

0, oGRS O BBy o, e

wher ei n r enmoyog cbé’t@d mlﬁﬁladﬁes@sfe :nlae AdHeSIVE 31 £id Bhtbtesysimpm Bt i ng the die
fromthe remai nder of the substrate. 25 30. A method, conprising: providing

a die; prbvialhegva2stibecrib¢dchdreini Bgcksidecy/iaddhe @pgnbstratt@m‘mm}@ ntther eon;
appl yi ng adhesive t of . the substyat p05|t ning the dle on
“the adhesi ve®&fadt @ttﬁﬁ%fﬁpeﬂvﬁ L@ Depdhgsive }Ss“t“““gj{@tfﬁ‘% el ectrical
signal telr r t rate; 25
formng a v{lfg@tét:lgp oﬁ%héaﬁ%é%ggﬁgg?l\%?e%&ahﬁ aicl%‘li%rd Sb@ 1?%%%& gﬁhﬁlﬁeg% 'tk ??Sf:al si gnal
term nal s; fmapeﬂgre@BéOhn’el foahedin-thd @t streess thromgh doh the twpugbstidieand a t o

substrate term nals; and r. empvi ng a backside of substr ate to expose a
backsi de of tthﬁ@O’ft@mrwh%raée Bips 36§ greApimsdPyorzing Mssasosiregisde B appl yi ng

dh h f th
et ve OTShHIgR AP McR-PRo TRerLshopmid e bogpalse o (e

corrections ihe deisuds&dﬁ}aemfm@umngetﬂadtrater swetul asmbﬂxda@mﬂsmmg @ Mnopmsur f ace
of the die down the side of the die to the substrate termnals, 33. The
met hod of cl &rFiHHigyes. Wihar enhodigght Hy lases isvetodd statetaser duppgedodengitng a

the laser is a yttrium-aluminum-garnet (YAG) laser. In an embodiment, the laser
is a neodymium-Y AG laser. The laser wavelength, in an embodiment, is about 1

15 micrometer. In an embodiment, the laser power is about 300 watts. In an
embodiment, the laser power is less than about 300 watts. In an embodiment,
the laser power is greater than about 100 watts. In an embodiment, the laser
refresh rate is about 3,000 Hz. In an embodiment, 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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15 nmetal trace fromone of a group including copper and alum num 34. A
chi p- scal e- packagi ng net hod, conprising: singulating dice froma first
waf er; testing the singulated dice; 20 formng final I/O locations on a
second wafer; applying adhesive to a top surface of the second wafer;

placing a sipguldtesh Fhreofofa toeafed RatingehO¥Bicehi@e hbsRalbliké & arOmatnigons;
renmovi ng a back surface of the second wafer to expose the final i

| ocati ons; amegu@Biononnecting the singulated die to an electric circuit
through the final 1/0O location. 35. The chip-scal e-packagi ng net hod of
cl aim 34, wherein renoving the backside of the second wafer includes

bacl cgri ndi ir%lﬁ%ﬂﬁf&@d wafer. 30 26 36. The chi p-scal e- packagi ng net hod

of claim 34 novi ng the backsi de of the second wafer includes

et ching the back Asslicaeindfigimbelsewondnuafsebstrabe 18vel phtieaged dice 2001

chi p-scal e- packagi ng net hod of claim 34, wherein renoving the back surface
- of the secorrf haP@selt fricntes My bacambmgds Weh 8F WHhow Peefeeiive cafitga portion of

the second WaE?e;{ cifrgu(i)tcr?ngdl{lg 5?)(:)61 geqrnlh?ﬁceg)]tll %f“r‘l%ﬁ(g g{%%uﬁai?%éllityso%:ap hdTeLied.

conpri si ng: T providing a uralmty I ate cui I"ce; ‘providing

a substrate fiagoon elregt fodalle 2909 AAly be@rddhibalatioh BEARONOI tdprabntipast two of
the electrical signal termnals being interconnected; fixing a first die on

t he substr at@vaiey obfubptias, groumihationeofeicesci0pPl cantaipingriht saree ni nals; 1 S
L 08, 5 SRR TR AR RATSIR P ot e
to first gr QURetOdlofr@etsSortBdlikS2@ahtol Whith AR Ge 2001 &G wide Oreigzal
com ections from second die to second group of 20 el ectrical signal
termnal s; rsoedieg2@®dcksiit modfile2008 inclitds [ sangiwrsein dngordener widhs; and
the invention and/or are fabricated in accordance with the present invention. In
an embodiment, dies 2001 are inserted into a slot 2052 in a circuit board 2050
15  such that the package level terminals 202 or conductive traces 323 are in
electrical communication with the contacts in the slot 2052. In an embodiment,
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 is 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 is 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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separating the first and second die froma remainder of the substrate with
the first and second die being adapted to electrically comruni cate through
at least the intercom ected electrical signal termnals. 25 40. The net hod
of claim 39, wherein separating the first and second die includes filling

the gap between tpemt exarspledofn drditthelsenende theinst htvdales] disideat i ve nat er
ial. 30 41. The nethod of claim40, wherein filling the ?ap i ncl udes
filling the dayeraipolvenmodnespominamication modgms, heesputthedilesandl ai m 40,

i b et Rt T
second di e | §elrudsduIes FAMbL L8 A BHRIG ¥ WL &iﬁ 4écording B e @R Packagi ng

met hod, conprising: providing a first substrate having a plurality of dice;
pr ovi di n§ anvectomds snsbged. Graritmvdulg 280pinay ak atsybainpackiade vaees/
termnals 10 on a top surface; coating the top surface of the second
substrate wi phelegironimusicws; siches AGloche? telavisign, @ celbrhone. ¢ perse@lond substrate

the first ; i i tJ i th
on 1L ot BUARL o gL L) o) spaonel i igdioe on the

of second supsdhabéuitPwikKRSe dileit hivdkk deciodr it hdighackage rhadudd termi nal s.
45. The net hod of claim44, wherein renoving the backside of the second 20
substrat e i nedcaEbing to the preaent igyentien 5l ipseatert %lr@mt inadele 3908 will have a

chi p-| evcﬂ)- p\@aﬁ'ge%?ﬁle'e% 5620051h '[ilh q&ﬁl?@ﬂ%ﬁ&l?ﬁﬁﬁﬂ@&%@froﬂpg% ceoiu }eﬁhggﬁg ating

i ncl udes azin con i'nter ate adj ace rce. 25 47. The

met hod of cl gadkaddlevitiemahils Loz binenidoch wder eyl Esf JubQtdié REel ieksR@oNnd
substrate. 48. The nethod of claim45, wherein fonn I ng electrical

col ui ect i onsdica@Pdprovidmgrimigtesalos hilaersl pemmuaication angheqtiobp bond pad of a
die along the si d?ig%];'e ﬁlh&og\js%ngoem Qaiaint 8F i cifeu 1ta1%lc§(?lgg asI r%\ér%lor}; 1%%8?11@61' - 28
2100. Memory module 2100 contains multiple memory devices 2101 contained
15 onsupport 2161. In an embodiment, support 2161 includes 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
invention. 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 connected 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

17



49. The nethod of claim48, wherein form ng the conductive trace includes
foOLl'llllllg a redistribution |ayer on the plurality of dice. 50. The nethod
of claim 48, wherein form ng the conductive trace includes 5 formng a
copper conductor fl'OIll the top bond pad to the package |evel tenninal.

51. The met hgshedllyWoaiaiMs4SuseiMhedrict 22 69. Ning ittkdede 1268 prefddsecisepss | ncl udes
r enoving the adhesive fi-omin between adj acent dice to partially expose
t he package ihewtdcirpeicsysiams? 280 avithremsabire of toitral g obisevagion@litie ve trace. 10

52. A nethod, [ sing: providi ir st sybstrate with urality of
Fiv ot ai oo teaf ok bt Rot S gl S Sastfor el R ntebe i ubet rat o
with a pluralbche e 856004, SHifEnSE&RAM LR YRt GPAPRBNAITLRRRES;
appl yi ng an adhesive to a backside of the second substrate; placing the

first subStrtieduong tiag dsphasinspeagrdvitaradiot the ifnitisn swHoh, geugestos gad i gn wi t h
the second sa téeets; cu.E)Eii;nq the adhesive to fix the first substrate to
the second SVl PLATkautaROR] Afh greaps (AT KSyPad: AIYRIIFUEERDt ures in the
al igned firsg; S ik Ol ety ctions from
the first d Hehaner e o B PO B SRS cond

substrate; adscibagicestpong padvidgard décirdhicanstemea200d AdteR pbrtoarecaise@mai nder
of the fixed 25 first and second substrates. 53. The nethod of claim 52,
wher ei n f or niorf@nBee @i elestpnie SHLieB ¢9 theigometyalhlp asqriiptgrfach componentie fir st

Subst 1t 8ot Opl 08855900, HESP O WIRGRSHINTLRUASHL NG PR, £ Ut ng 2

conducti ve ttrace om a evi cesurtace of 30
the first sup®tékbeprooidinS@atfdrmefthapamifidnasonkol bverdevh oirputsf ace of the

second substrate through the through aperture. 29 .

from or outputs to user interface 2269, or of other information either
preprogrammed into, or otherwise provided to, electronic system 2200. In an
embodiment, electronic system 2200 includes memory modules 2100. As will

15 be apparent from the lists of examples previously given, electronic system 2200
will often be associated with certain 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.

18



54. The nethod of claimb52, wherein placing the first substrate on the
adhesi ve includes placing a backside of the first substrate on the
adhesive. 55. The nmethod of claim52, wherein formng el ectrical
colulections includes 5 formng netal traces. 56. The |llethQd of claimb55,

wherei n fol -1 ni ngriggledl4 shbRe @ Furklnts lebiodinicdk 6T AdelctfRARPSEteh! &c£. 10 57. The
nmet hod of claimb55, wherein formng netal traces includes form ng an

al um num t r aePUES syTem 24680 hGdnphies bystem 8200 odneains mpwicesgor 240 1rapdianc| udes
mechani cal ly cutting t w streets. 15 59. t hod aof claim52, when
ei n mechani dﬁF@?rycﬁyngpﬁéoﬁﬁ’@u%W@tcp@é’P?‘ i‘ﬂ%ﬁ%@@sﬁ%&e@‘)ﬁrwﬂc Fting the
el ectrical t ?11&13 -4 : : rtion of
the electri (C:T?F 15%%5{%%1]8{?% %ﬁ%#%%gedg% I C ?lﬁrgg‘%g‘%llﬂgg%ﬁ %Jér%}gt 1%2%%?%'5% th each
of the di £e adjmlxeinhetthprotéssonantdidpdudasraalie Rlado6rdakcaneitind@, presenpri si ng:

providing a first substrate with a plurality of first dice separated by
first saw stiPEgttion b aypapadiment dieonemenyetemaaduregessor gles@sd i ty of second

di - [ ; L.0g. I backsi d
of “the. Secord Mot PaPRRA (AR ERERG0 ERR LG ARALIRRL LB hes, Vo cach

that the firexaimpdady Sidle®@hk Fhtegicondiing heotbaeirdopiRWygtners. s, curing the
adhesive to fix the first substrate to the second substrate; 3 0 |l azing the
fir st saw shemastsysichie238hesss spbcompenens ndompatessistsrt24Mpndionalbet to forni

Ej: géog%h t1 le %eol%‘.rtasi%sousslﬁ Iglgerlréat%é %%%}gonegn%? t]ﬁép(i:ce%led ﬁlofmguer%tl i1 Wea I{éL};b%%r%i]Z4t8q,e first
a pointing device 2483 such as a mouse, trackball, or joystick, a monitor 2485, a
printer 2487 and a bulk storage device 2489. It will be appreciated that other
components are often associated with computer system 2400 such as modems,
device driver cards, additional storage devices, etc. These other components, in

15 an embodiment, include a die in accordance with the present invention. It will
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
invention 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 I/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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t he second dice on the second substrate through the through holes; and
singulating aligned first and second dice froma remai nder of the fixed
first and second substrates. 5 61. The nethod of claim 60, wherein fol-Inng
el ectrical com ections includes formng nmetal traces including at |east one
met al from abgkeidp of hieseraiinalglesdgrfoingink i tafe chgpsiet pakdgal Tive disoan 10 62.
The nmet hod of claim 60, wherein |azing the first substrate, adhesive and
second substRQW ke singnkateds Thssdmaesss paybapeicimer at e valerdorndrs tharehy adhesi ve

and the second subst.rate. 63. A netRhpd 117prdSl1d.g: 15 providing a first
substrate w & pP Eé}béillc I tﬁ*ou.fgpﬂlgt[ Rﬁf‘%@%@éﬁ%ﬂa@’& ff)lglcffi?ggncgaw streets;
providing a seeid hatfirabPnnt B RcibikdE el gr¥setf pro&gend di ce separated by
second saw streets; applying an adhesive to a backside of the second

substratej 20 pl adithgughrepefific esbodimts lzve been tlhetrachasd descsbeh t hat t he
first saw sty eets ag':bgn w th the second saw sireets; Cl.fl‘i ng the adhesive
to fix the fPFER LYBSOFaPRFepiatef vy these oh gaime ke Meat tehga kerf in the
first saw sty &b whilld dicubletelRhlev8 R sfame%%}sg ?fa TelsuBlritdd@st rat e;

25 renoving the "adhesive internediate the pluralit irst dice; |azing
t he second sfowtlst speefictembbdmmntd shoemg M elaptationnofite aivention wil be
com-ections frolll the first dice.on the first substrate to the second dice

on the secontPPSTBsia Gpe of| qudingn Sﬂ(Hleinttpﬁg’Gugﬁr fenEe, o IeggieHat i ng al i gned
first anggs eagig&ﬁjt ﬂ?b&e@siﬁé Qﬁﬂiﬁmreﬁtqﬁﬁmﬁtﬂgedth? @oﬁj hﬁ(c":cgn%tﬂ {hb ?ﬁveﬁﬂgn.s econd

substrat es.
For another example, other integrated circuit fabrication processes are adapted to

produce the dies and chips according to the present invention. Accordingly, this
application is intended to cover any adaptations or variations of the invention. It
is manifestly intended that this invention be limited only by the following claims

15 and equivalents thereof.
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64. The nethod of 63, wherein renoving the adhesive internedi ate the
plurality of first dice includes chemcally etching the adhesive. 65. The
nmet hod of claim 63, wherein formig el ectrical connections includes 5
formng a netal trace froma top surface bond pad of the first die to a top
surface bondripadveitiontisec@d die tlli-ough the through hole. 66. The

nmet hod of claim 63, wherein singulating the aligned first and second die

i ncl udes nechanically cutting the aligned first and second saw streets. 10
67. The net hlod of fl im66,. wherein singulating the aligned fist and second
di e includes 'e’%%%“%cgcf”ﬂgll@flg’ct rical comection along the side of the fixed
first and second sybRidai&e; 15 68. A method O 011111118 an integrated
circuit (1C pacKage conponent, conprising: fabricating a non-conductive
base subsfrate hawongling eoibsiraahavogdigctrionlsigmi tanpmalalsytherebendi ng from a top
surface of the base substrat ingo_the substrate and termnating within the
base substrate, t llggﬁ BPR eSUBF 4 e base substrate 20 includes an :
| nter connect ar eaohaRthiRiPEHUEIAR fdm dicdo AMRRAARYALRO @ portion of a
bottom surface of the base substrate to expose the electrical conductors
such that the el eehroviog)a leehddedDsubsaate tesposethedernbindlly t he top and bottom
surfaces of the base substrate. 25 69. The nethod of claim68, further
COl1l11prlslllg: attaching the IC die to the top surface of the base

substr at g; d rical o] [ : >l : i cal

conduct o?és). ago.TE‘l‘ﬁ?lg{hr?g% ?ng%ﬁ ,@Pgr:ébﬁ;ggw @e%@?%&cﬁééﬁgﬁ%dlﬁ é\g(a%)egrti on of the
bot t om sur f ageludhgah ihtderabastrctit Bidnicy devige.per f or med by either an etching
operation or abrasive renoval operation. 32

AN CAHOA @A A @ASN@AISY. A n@ A9, . A&S. AA@ AL[ S. A9H, . As@ As, . Adfy. A’

QA [ @AID A, , A . : . 9 f .Af . A" H, "4D%w
Euj \ E:]Zi >zupk 'a?%@gl @gi&ggﬁ%’g]@bgﬁrgﬁﬁ@j@gf@aﬁé'?(t:la Sfélﬁgﬁgé;{n\ég ca] ca]c”*a] ca]ca
] ca] ca] ca] cappalisahdabivale s edpcalfaed 61 8¢ satistate, placindF0SSSHANG Y0048 & &&&
"V (L(a((((#) | wrmhe™Y] ] ca] caLca] caj cal}ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cé%ca?@&fllz’a]a@é]céﬂllg:ﬁl]e@d Gseve tedctat dig] aethe subsigte)typ pwrdcer 5 1 D-- . 1112
3468: : B;
3<=>?| @arB! D&D[ EG wr mhc”"Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] £ajrametdal eliahdahvhakaaiealian) thalikaheladssFrbhitiMy NGk QRRT. VAVXN]
) _/ _"=bcfuh{hi Q1 wngqgsdst}xsnid_Z]]]ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca] ca] ca]
ca] ca] ca] ca] kel Odpdndr ajwajueiatee thafliita) ca] ca] ca] ca] ca] cal twwyzd{j{|| M}}
=~~~T2n' 7d/ | wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]calcalca]calca!/' ReGV f
| ", ->{vakgb] X] haa¢thad, cahpaki@g] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca!l g- XcZeB\ _*YI LBT}xsnid_Z]]]ca] ca]ca
] ca] ca] ca] ca] ca] cHrBHEafrafedteMeafEhubsr#s)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca)ca] ca] ca] cal T Y. - .
]et c]E} x]sni L_Z} 11 ca%/xég?gé] tg &a1'ca e(\:’%tc]e%:’a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cajemldleaticalaminad 6o sécohd Bisah@t{ Bw} xsni d_Z]]] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cal w#. t FRAtne NRgered HbsTgty withaa)adhyseed ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] cal,ga] ca] calcalcal ca al.ca] cal cal cal calca] ca] ca] ca! s*Kh=qMX!' ' g} xsn
i d]_Z] } ] c]z%?c!a] c!a] c%‘]%(%l]él 8151?%11553@!{?8% %Ja(i:e(‘:'%i glé ?%f]a@al Sé]fﬁ’c!a] c!a] caj ca] cg] caj 231] ca
] ca] ca] ca] ca] ca] cajid) teah@akial gM 0IDGT6) A} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
al Td\i Ux*02; electrically connecting the active devices to respective electrical
[ 1~<| wr mhc” euical ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] cg 11flciaasrca] calcalca]calca]cal fz*rJ)I O xHKLX} xsnid_Z]]]]ca] ca] ca]
ca] ca] ca] ca] ca] cajéadveayd £Badkaide af arlseadrdalbstfedcabeal £Bdkalie af @] cal ca] ca]
ca] ca] ca] ca] ca! XCPw
30 electrical terminals; and
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Y"xHKLX} xsni d_Z]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca] ca"4D% K- @O0%&' () - &LO%&' () - S10%&' (
)-@ 109%&' ()-f109%& ()- 109%&' ()-
109 () - vEuUi K-f T $109%& () - @109 ()-f!10%&k ()-fl 109& ()- 3109 ()-f 109 ()
- s109& () -j\i K- séngh@fig(ihe ycd¥dibsirate o form individual chip scale packages
109&' ()-S, 109&' ()-*109%& ()-y' s109%& ()- & 10%& ()-#qcEs6 10%&k = y 10%& () -
y 10%&' ()-@ 10%& ()- teptinclogle & least ourl w1iys9de0oRad a POIORCELS SEOvRRY
109 ()- s& 10% | & ()-.,._ )%LO% & ()- "7 109 ()-s 109%& ()- s 109& ()-i
S(Y:56° @ 10%& ()-! @VPHRS()- 10 10 10y; s109%& ()-!s8& 109%& ()-!s&y
109& ()->"}[9{Y:s6!" 109 ()-!" 10%&' ()- 10%& ()-! 10%{& ()-
10%2& ()-! 10%{& ()-"}~_=s6!'lIL@ 10%& ()- 'L@
109&' () - “ 30z 10z h6thHd dOSBINE'S ( Wh@binHORRIng ele@irichDiim@in@)s-ixcludes
Ic""zX9_=s6@10%&' ()-'9 109% ()-& 9 10%& ()-&& @ 10% ()- " !'L@
109& ()- ! L@EBYRE ¢ jonducityelaycr o8ueR 8y thesespnd Fostd§og: () -1 (L+
10%QJ& ()-!'L+ 109%& ()-!L+ 109 ()-!L+ 10%& () - &$0$$$%/ %%dEMB7s 10 1f
109 ()-109& ()-fY 10%& ()- @O%& ()-f10% ()- @BLOYR () - >%884 & &&JEMB7s 10
1f @O%&' () - @OV iapthell 3T O%EN 6) witdrOiiR aftp @B BofJuc@d O¥& nphudss ' V' ' ' (dEMBTS
10 1f' @O0%&' ()- @yl09%& ()-fL
109%&' () - slowﬁeww@)mtaé ;3-3’@(10%&' O)-([(a((((#) dEMB7s 10
1y+109%&' % S) 109%&' ()-yF(10%&' ()-S& 109%& ()- $10%& ()- @BHLIOY ()-#)g))))(*C
*dEMBT7s
1sy5- 109%&' ()8.SBHOMUEhOY o cRikh) BivhoreRUbARHUE e(ectrical R¥Birals inSud@o& () - C-E*F*G'H
*rrp++H{Y7S! s@ 109%&' ()-!'me@ 10%& ()-'s@ 10%& ()-!s@ 109%& () -

planarizing the top surface of the second substrate.

9. The method of claim 6, wherein removing a backside of the second substrate

15  includes backgrinding the second substrate.

10. The method of claim 9, wherein electrically connecting the active devices to
respective electrical terminals includes routing a metal trace from a bond pad on
top of the active device to the electrical terminal below the active device.

20
11. The method of claim 10, wherein routing the metal trace includes routing the

metal trace to an electrical terminal at least partially beneath the active device.

12. The method of claim 5, wherein electrically connecting the active devices to
25 respective electrical terminals includes filling gaps between the active devices

with a non-conductive material.

13. The method of claim 12, wherein singulating the second substrate includes

cutting through non-conductive material in the gaps between the active devices.
30
14. A method, comprising:
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10 10 10y;t109& ()-+5,],D-..zX9{Y7s!s 109 ()-!s 10% & ()- 10% ()-!@
109 ()-1s@109%& ()-!s@ 109 ()-./1111112zodY7s! S10%c& ()- 10 10 10f;
S109& ()-!&S 10%& ()-!&S 10%& ()-!&S

109& () - 2223i 4456} [ <dY7s! L3109%& ()-!L3109%& ()-L 109 ()-!L

109&' () - S109%& () ﬂI&Qr{@*ﬁf&sﬁate ﬁ%ﬁ elecnM@Tiaaiﬁéaqhﬁﬁ?@&hél)eoﬁ( L. 10% ()-ML.
109& ()-M 9 109& ()-'9 "10%& ( R *B; 3<<<=a?7 10!s@ 109%& ()- 's@

109% () - ! s@ 10%@léging a@@mema(tg)p sméa@emw ipstratg0 10=>71 @A7B} [ 977 10! s&

100& ()-1s& 100& ()-" f 10%& ()- f 100 & ()-1° f

109 ()- 78| C D#wﬁ@@@&ﬁ having t%%&f@f “@%gz@m) ?(d)]ﬁeﬂ‘i@tol%)x Wl%%ty& ()-1.
10%: ()-LL. 0% ){1 L[ EFGGPHI | 2X9{ Y: 09LS 10%&' ()-!9LS 10%& ()-L T

109 ()-1L TOIO00 2 IL T 109 ()-1L T 10% ()- 1 KLMVWMVBNzodY: 0S10% & () -
10 10 10S5s10% (forhin®aadt@fdion)eleiticl cdiféstidns-fzdnh &g surface bond pads to

109 () - zSNj QRz[ 9dY: 0! & 1096 "& ()-F9 S 109F& ()-19 S 10%"& ()-9 S
100& ()19 SheoUEtEIEeB109BERI() - RR. TTU. VIV2VZ[ <1: 0 10"y 10% & ()- 98g

%83&% § ) ;:;32\9/43'/2% S zg@l l%i&gmgl’g g/?&su%)stl alttg §Logex]1'3%g/g ‘Ee%lnl(lgals.

15. The method of claim 14, wherein removing the backside of the substrate

10 includes backgrinding the substrate.

16. The method of claim 14, wherein removing the backside of the substrate

includes etching the back surface of the substrate.

15 17. The method of claim 14, wherein forming castellation electrical connections
includes removing adhesive uncovered by a die from the top surface of the
substrate and forming a trace from the top surface bond pads along the sides of

the die to contact the substrate electrical signal terminal.

20 18. The method of claim 17, wherein forming the trace includes using metal
redistribution to join the top surface bond pad and the substrate electrical signal

terminal.

19. A method, comprising:
25 fixing a plurality of dice on a substrate over a plurality of package I/O
terminals;
forming electrical connections from die bond pads to the package I/O
terminals; and
removing a backside of the substrate to expose the package I/O terminals.

30
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10"9 10%&' ()-!9 10%&' ()-!L@@ 10%&' ()-!nL.@@ 10%& ()-!L@ 10%r& ()- 10"

10"QZ[ \N|A) _, - wUB+: 10ff; 10%&'()-'#L 10% /& ()-9!'L. 10%& ()-9!9
109& ()-!#9 10%& ()-!9 10%' ()-- . /_j “a=bacgE: 10ff:11° 10%& ()-
109% ()-!° 109%& ()-S10% ()-!S10%P& ()- 10 1l0accdeZffgz[9E: 10!s.

109& () - LL" g20.09k&méehol of clgird Q9Bvigor elhﬁfbmgng@l’ﬁeh {cht ddl.ﬁlgctitﬁh%/@ndl)de‘s

109&' () - guhxhyhzh{hVii k{ Y70! L 109%&' () - mlO%&'(ﬁ nML.0% '()- 10 10
10f f; 109%& () formingiciestriq cqmrgcnlolﬁma&mme{wm themack ol tqymnaly & 109%& () - 99g
109% ()-199g 109 ()-!'L 109 ()-'L 109%&: ()-5qqqqqgsdst~ =0!1s

1098 ()- @109 ()-! @10%)& ()- 10 10 10SS; 109%&' ()-Ly& 10%& ()-tt #vvwwy

yz[ 9~_=0!! s& 11 09 1hrbkthd @1 0% 0D - WEBih Gnih} elecHALOMBedtions S@WMLH& () -
109&' () -;yyzd{g{h{i{j{]uj @"@10%&'() 10 10 10yf; 109&' ()-. 109&' ()-9!.
109&' () - 95& some of the package I/O terminals includes inte1001mecting at least a first of the

10%& ()-| | S109%&' () - f % 0% ()-S &10%&' ()-!s
#10%eg& () - EAPH%D a@ﬁaﬁ?%&fé%"f(zt% firity o die’
109%& () -f L@.O%&' () fLAOY ()- 109%& ()-S10%& ()-2n' xnbCO!! @109%& ()- 10 10
10SS; 109&' ()-sf5S 10%& ()-f. 109%& ()- & 10%& ()-'7D| Z, nmbCO! ! L3g
109 & () -! L32R.1DBéinedhot of @ &1 (Wherein interconnecting includes interconnecting

the first die that has a processor to the second die that has a memory.

10
23. The method of claim 22, wherein removing the backside includes

singulating the first and second die from a remainder of the substrate to form a

multi-chip module.

15 24. A method, comprising:
fixing a plurality of dice on a substrate over a plurality of package
terminals such that adjacent die overlie common package terminals;
electrically connecting I/O pads of the dice to the plurality of package
terminals;
20 removing a backside of the substrate to expose the plurality of package
terminals; and
singulating the plurality of dice with a portion of the substrate directly

beneath each die to form a chip scale package.

25 25. The method of claim 24, wherein singulating includes cutting through the
common package terminals such that a first portion remains with a first of the
plurality of dice and a second portion remains with a second of the plurality of

die.
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providing a substrate having electrical signal terminals thereon;
5 fixing the die on the substrate;
forming electrical connections from the I/O pad of the die to the substrate
terminals; and

removing a backside of substrate to expose the terminals.

10 27. The method of claim 26, wherein providing the sensor die includes
providing a sensor die with an optical sensor in electrical communication with

the VO pad.

27. The method of claim 26, wherein fixing the die includes applying adhesive

15 over the substrate, and curing the adhesive.

28. The method of claim 26, wherein forming electrical connections includes
forming an aperture through the adhesive to the electrical signal terminals, and
forming a conductive trace from the I/O pad down the side of the die to the

20 electrical signal terminal of the substrate.

29. The method of claim 28, wherein removing the backside of the substrate

includes singulating the die from the remainder of the substrate.

25 30. A method, comprising:
providing a die;
providing a substrate having electrical signal terminals thereon;
applying adhesive to a top surface of the substrate;
positioning the die on the adhesive at least partially over a first group of
30 the electrical signal terminals;

curing the adhesive to fix the die to the substrate;
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10 terminals; and

5 removing a backside of substrate to expose a backside of the terminals.

31. The method of claim 30, wherein applying adhesive includes applying a

polymide material on the top surface of the substrate.

10 32. The method of claim 30, wherein forming electrical connections includes
forming a metal trace from I/O pads on a top surface of the die down the side of

the die to the substrate terminals.

33. The method of claim 32, wherein forming the metal trace includes forming a

15 metal trace from one of a group including copper and aluminum.

34. A chip-scale-packaging method, comprising:
singulating dice from a first wafer;
testing the singulated dice,
20 forming final I/O locations on a second wafer;
applying adhesive to a top surface of the second wafer;
placing a singulated die on the adhesive over the final I/O locations;
removing a back surface of the second wafer to expose the final I/O

locations; and

25 connecting the singulated die to an electric circuit through the final /O
location.
35.  The chip-scale-packaging method of claim 34, wherein removing the

backside of the second wafer includes backgrinding the second wafer.

30
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5 37.  The chip-scale-packaging method of claim 34, wherein removing the
back surface of the second wafer includes separating the singulated die and a

portion of the second wafer from a remainder of the second wafer.

39. A method, comprising:
10 providing a plurality of integrated circuit dice;
providing a substrate having electrical signal terminals thereon with at
least two of the electrical signal terminals being interconnected,
fixing a first die on the substrate over a first group of the electrical signal
terminals;
15 fixing a second die on the substrate over a second group of the electrical
signal terminals;
forming electrical connections from first die to first group of electrical
signal terminals;
forming electrical connections from second die to second group of
20 electrical signal terminals;
removing a backside of substrate to expose the terminals; and
separating the first and second die from a remainder of the substrate with
the first and second die being adapted to electrically communicate through at
least the interconnected electrical signal terminals.
25
40. The method of claim 39, wherein separating the first and second die includes
filling the gap between the first die and the second die with an insulative

material.

30 41. The method of claim 40, wherein filling the gap includes filling the gap with

an encapsulant.
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5 forming a memory module.

44, A chip-scale-packaging method, comprising:
providing a first substrate having a plurality of dice,
providing a second substrate having a plurality of package level terminals
10 on atop surface;
coating the top surface of the second substrate with an adhesive;
curing the adhesive to fix the second substrate on the first substrate;
forming electrical connections from dice on the first substrate to the
package level terminals; and
15 removing a backside of second substrate to expose the backside of the

package level terminals.
45. The method of claim 44, wherein removing the backside of the second
20  substrate includes singulating the plurality of dice into chip-level-packages.

46. The method of claim 45, wherein singulating includes lazing the second

substrate intermediate adjacent dice.

25 47. The method of claim 46, wherein lazing includes water jetting the second

substrate.

48. The method of claim 45, wherein forming electrical connections includes
forming a conductive trace from a top bond pad of a die along the side of the die

30 to contact a package level terminal.
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50. The method of claim 48, wherein forming the conductive trace includes

5 forming a copper conductor from the top bond pad to the package level terminal.

51. The method of claim 48, wherein forming electrical connections includes
removing the adhesive from in between adjacent dice to partially expose the
package level terminals and thereafter forming the conductive trace.
10
52. A method, comprising:
providing a first substrate with a plurality of first dice separated by first
saw streets;
providing a second substrate with a plurality of second dice separated by
15 second saw streets;
applying an adhesive to a backside of the second substrate;
placing the first substrate on the adhesive such that the first saw streets
align with the second saw streets;
curing the adhesive to fix the first substrate to the second substrate;
20 forming a plurality of through apertures in the aligned first and second
saw streets;
forming electrical connections from the first dice on the first substrate to
the second dice on the second substrate; and
singulating aligned first and second dice from a remainder of the fixed

25 first and second substrates.

53. The method of claim 52, wherein forming electrical connections from the

first dice on the first substrate to the second dice on the second substrate includes

routing a conductive trace from a first bond pad on an active device surface of
30 the first substrate to a second bond pad on an active device surface of the second

substrate through the through aperture.
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forming metal traces.

56. The method of claim 55, wherein forming metal traces includes forming a

copper trace.

10 57. The method of claim 55, wherein forming metal traces includes forming an

aluminum trace.

58. The method of claim 52, wherein singulating includes mechanically cutting

the saw streets.

15
59. The method of claim 52, wherein mechanically cutting the saw streets
includes partially cutting the electrical connection in the through apertures such
that a portion of the electrical connection in a specific through aperture remains
with each of the dice adjacent the through aperture.

20

60. A method, comprising;:
providing a first substrate with a plurality of first dice separated by first
saw streets;
providing a second substrate with a plurality of second dice separated by
25 second saw streets;
applying an adhesive to a backside of the second substrate;
placing the first substrate on the adhesive such that the first saw streets
align with the second saw streets;
curing the adhesive to fix the first substrate to the second substrate;
30 lazing the first saw street, the adhesive layer and the second saw street to

form through holes;
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5
61. The method of claim 60, wherein forming electrical connections includes
forming metal traces including at least one metal from a group consisting

essentially of copper and aluminum.

10 62. The method of claim 60, wherein lazing the first substrate, adhesive and
second substrate includes excimer lazing the first substrate, the adhesive and the

second substrate.

63. A method, comprising:
15 providing a first substrate with a plurality of first dice separated by first
saw streets;
providing a second substrate with a plurality of second dice separated by
second saw streets;
applying an adhesive to a backside of the second substrate;
20 placing the first substrate on the adhesive such that the first saw streets
align with the second saw streets;
curing the adhesive to fix the first substrate to the second substrate;
cutting a kerf in the first saw streets of the first substrate through the first
substrate;
25 removing the adhesive intermediate the plurality of first dice;
lazing the second saw street to form through holes;
forming electrical connections from the first dice on the first substrate to
the second dice on the second substrate through the through holes; and
singulating aligned first and second dice from a remainder of the fixed

30 first and second substrates.
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5 forming a metal trace from a top surface bond pad of the first die to a top surface

bond pad of the second die through the through hole.

66. The method of claim 63, wherein singulating the aligned first and second die
includes mechanically cutting the aligned first and second saw streets.

10
67. The method of claim 66, wherein singulating the aligned fist and second die
includes exposing the electrical connection along the side of the fixed first and

second substrates.

15 68. A method of forming an integrated circuit (IC) package component,
comprising:
fabricating a non-conductive base substrate having electrical conductors
vertically extending from a top surface of the base substrate into the substrate
and terminating within the base substrate, the top surface of the base substrate
20 includes an interconnect area sized to recetve an IC die; and
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.

25 69. The method of claim 68, further comprising:
attaching the IC die to the top surface of the base substrate; and

electrically connecting the IC die to the electrical conductors.
70. The method of claim 68, wherein removing the portion of the bottom surface

30 ofthe base substrate is performed by either an etching operation or abrasive

removal operation.
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