¢ e3eTTLF. 6dTwDr , M CROELECTRONI C DEVI CES AND METHODS FOR PACKAG NG

M CROELECTRONI C DEVI CES TECHNI CAL FI ELD The present invention relates to
packagi ng m uoel ectronic devices and, in particular, nethods for packagi ng
m croel ectronic devices at the wafer |evel and micsoel ect r‘mwmmm\ﬂﬂm‘ﬁ‘mw
formed by such nethods. BACKGROUND M croel ectroni c devices cel |l
phones, pagers, personal digital assistants, conputers, and mneswyomt her
products. A packaged m croel ectronic device can include a m croel ectronic

die, an interposes substrate or |ead frame attached to the die, and a
nol ded casing around the die. The mcroelectranic die generally has an

i ntegrated circui I | i d- t | ntegrated
circuit. The bﬁ'@%&@é%gﬁé@(ﬁ%ﬁ m%@gﬁd{i?ﬁﬁéé&és substrate
or lead frame. The inter poseﬁl(ﬁi’d?ELFé‘l’ROM@ @%VFCE cl ude bal | - pads coupl ed
to the termnals by traces in a dielectric material. An array of sol der
balls is configured so that each solder ball contacts a correspondi ng
ball-pad to define a "ball-grid array." Packaged m croel ectronic devices
with ball-grid arra¥s are general ly higher grade packages that have | ower
profiles aiECHNIPAE FELD counts than conventional packages that use a |ead
frame. Packaged m croel ectronic devices are typically made by (a) formng a
plurality of di T=Xpy i : i ;

G gl at & ¢ he. dr STEnERRARRMEEE 1 BhBgGiGBb LAt toViBsdnd

subst r at e,paftigulas, meethodsi forgpadkagingrdicpealectodnitc devides et tle watert level arad s of
the interposes, substrate, and encapsyl ating the dies with a nol ding
conpound. 'P‘?’?%?Hm%s%‘f"}eﬁf]%g%xa&'ﬁﬁﬁ&%&és- r and expensive to mount

i ndi vidual dies to interposer substrates or lead frames. Al so, as the

demand f orBACKGROUWND counts and snal |l er packages increases, it becones
nore difficult to formrobust wire-bonds that can withstand the forces

LTt achi ng | nar MIEGHICHOBIS B6VIker a1 GSer 1a 80 AHENes: BRofsagerscank Sidiay
danage t heysRmanidli eémpawa&w%a;%sg%% gﬁm&aﬁr EA PAokahey SniRfseIeBrdhic

significant factor in rodupln .conductor devices and other types of
m cr oel ectdeyitieccarein : aAnisroslectianic diss drointerpoken substrete o¢| lead framea

devi i -1 gvel. ina, waf er -1 eyel .. ' | ur al | f
i or ot ecatBred fn B deLast AThclden AsiifEpind it dRo TR ReBeRine Bl  aver
is forned g@afh@ alfyhleasibﬁsinteEMeB%ﬁtoﬁitrédwtﬂ Bl0rdliy ef bbAd-paddi *lupfdd e theayer) a

f
plurality of ball-pad arrays on the dielectric |ayer, and conductive traces
in the di dntesrated dirgydy Thétbandepadsupregouplednie tarainals Km theyiiderpeser he
bal | - pad - pagan- ' r e cor respondi di e,
and 1 he bt PoEte, 57 bl Rl "ot @ i Rreb e bR BHCRisB RMEE BN A
t he corregpapléditg té terminals byucices én trdislestricMateriall omiarrgy tofieolder balls

distribyti N t h f hi ghl t t jli hi
deposi 15 conia b zedhat ronShider balceriacth o aTRSPOREING RRIPED IR REWARIS. The
sol der pagf epdiSgrid frayef Inmﬁﬁé@ rﬁﬁfd@lé&i@dicbglaﬁg% t»ﬂgi \b;gy-grhd.saflr% aRdInps”

on the ball-pads. After formng the sol der _ i s sIngul ated
t o separ aigenerallyi highen grade packages thatrhaveclower pcefiles aoch hiplerapiot ¢asints

Wafer-1|ev Malo .51 nment for increasing efficiency
and reduc?ﬁfﬁﬁ@hgﬁalﬁaﬁaﬁé€g@Hggﬁjs#trgg‘& ectroni c devices. By
prepackagi ng" iPadkaget ahicrbetsttronic) davicesli arkr fypltaillp mbay ey &y eoreniggtd i ng
the wafers to singulate the dies, sophisticated sem conductor processing

t echni quePIWaRY R ¢jee @ 3 searcandiator dvafer; (B) suliing doe wafenty siagulate the

Addi ti onald; : i i LS I ci r :
simul t ane&%ﬁ'é%ﬁcyé@s/mg '@@%ﬁ%%’ %? "glalggg&tt ﬁ%%‘f?&%@ﬁ@ﬁ%%’é? éheand

i ncr easi ndpontspagighplithe Riiek dgethenterminsie aifr hel intdeposer subatratd, sandde)
produced by "buil d-up" packagi ng. For exanple, .a sacrificjal substrate can
be attac h(.%’cf’Bs‘ﬁam&e ‘ﬁﬁﬁf”%rﬁ:ﬁ\%@gg &%‘Pgﬁai?-i {418 QWWOQW@%HW%i es
and an organic filler that couples the -z di es together. The sacrificial
substrate is generally a ceramc disc and it is attached to the active side
of the dies. Next, the back side-df~the dies is thinned and a ceram c | ayer
is attached to the back side. The sacrificial substrate is then renoved
fromthe j of the dies and build-up |ayers or a redistribution
layer is \mmm\mmme active side of the dies. The build-up packagi ng
process, howeygles has several drawbacks, Far exanple, the build-up process
is relatively expensive and may not be used on equi pnent set up for
circular substrates. Furthernore, the resulting packaged m croel ectronic
devi ces may not be stacked on top of each other to reduce the surface area
or "footprint" of the devices on a printed circuit board. Accordingly,
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.dhe present invention is directed toward nethods for packagi ng

m cr oel ectroni c devices and m croel ectroni c devices fornmed by such net hods.
One aspect of the invention is directed toward a nethod for packagi ng

m croel ectronic devices including mcroelectronic dies having a first side
with a plurality of bond-pads and a second side opposite the first side. In

nmbodi t) th t hod i ncl. i di I it f si | at ed
i or o6l ect PR EKPETRLE T8 BEEE daevkaa) RisepduiarP e stbSiateb, frishe hhe
covering tﬂl%o?“a?,sth?rﬂbrﬁénd ¢S higheP Pirl 'caan@faﬁmgn@nepgé&kéa@@ Picredsks,
dielectric layer, formng a plurality of vias through the dielectric |ayer
bet ween t hbechmes mane diffibult datfomy rebyst wisg-bogdsothat maduwithstend ithé Jotcas
correspondj ng vi,al . Tge conductive,]inks can be electrically c%ﬁgl ed to the
dies. | n olfoyeqdnimaing precesins: Mareoves, fio: tanding Rrogeees! o AIEEENG or m ng
the di es opdfidlit AR BGhePRtser YRDKIPARS @ 15X Pathbd Ry dindRS fHR 6 didyi ©

wor kpi ece to separate the dies fromeach other before coupling the dies to
t he suppor Packaging proRiesses, chemeford, daveabenpmepar significants factor idi produciegon t he

Cecond o sPanieandaeSPydlige Lo PR KRS A it BRRENBBiR RS nat the di s

are spaced fartAgdtheP Prbcdds0 rfb:equegihgr nitfoélBEtrénie Pa&YicaE e lvafdragverhen
they are part of the workpiece. In anofher aspect of this enbodi nent; the

net hod canPadkaginge flor wefaj-layslr packagings a rriuralifyp ef tmigeealestraniaitdiey @ral i gned
with corre i j .t | ; o) j i can
extend | nt%’?'?lﬁg dﬁ‘g%\r"@?%s??’ dl tﬁgggéoﬁcgr&hgg@oeﬁc@g Ist @@egﬁgﬁ%\rﬁ?it E}éé nmet hod
can i ncl udeedigtrivutiong ldyee taepp dieéletizblayef, reo plurhlkty dofebalipddtdreaydi ehahéri c

| ayer. Anot her aspect of the invention. s directed toward afgl urality of

mi cr oel ect FiglACHIGIAYRE AN condijciive Hases ip dhe dislectris davsr tbat Agmceuriedittes
i nel ud . . : : :
the suppor ANl PERERGE of SrePbail Bud bl Eucl PER-BRURRY Os ChrhgRd NPl ot Ui on
of the supeuréespondingrdieaand thepball-phds yn eécht amrdy are weupledids aaxtespdidiggf rom a

fi f i the dielectric | d, surf f the dielectri
| ayer . ThebaBegt o e frashebor Ble by, uRRCRR 3¢y anet oding dfiapacs

coupl ed t orddiftribuiticROlagbe dnCtheOMafer, 4MIgHIY @ceGred! stdntilirlg fitseheedshidapgsed
between the dies. In one aspect of this enbodi nent, the support nmenber

i ncl udes a@iseiete Bassemiof spldeiaprile onteethe) ingi idHﬁbb%iPPBé%\sFhﬁéﬂideélplaﬁedﬁ sposed
I . j .
dovi ces 1 TERIBAORRF I i smal A8 pefy 87 RGer Bl BoifBReliiRdy: AT, |

layer. |n foreirethasoidyr ballg hihe eatedigrairiguldtee tdevbpaaté uhehirdividediude a

plurality of pads in and/or _on the support nenber that are electrically

coupl ed t oiPelestiRMadRYiceS HaNLeNY 8NPYIRks. The pads may not be aligned with
t he conducti ve ywqaksS P. : R i o by, F
illustrate var i%Vﬁzé???‘ég?ﬁﬁagﬁgthﬁggﬂﬁ’%%%@du ng mcr gg?géégéggﬁ%c%n%gvi ces

i n accor dasnd neduting nthee ebsidiofemanufacturingi mieroelestronic Heyigee. 1A8) Spre-

ol ur al i 1y BICRRORIe) TRaTfe) P8 il 8 Yooyl 9% TR Bl e bals d6 ™ ™ ©
cross- sect giagalate’ tvdids, dophistishtetlyséthicBhdudier pedcessing @erhr@es addrebe
attaching the mcroelectronic dies to a nmounting nmenber. Figure 1 Cis a

1.ng L&
schemat i c 4sesktociors smaller paRYS of Feldedpalls cAdliterRRve waferpyepackasnigds er
formng a Y i i i [y i {,de
cross: Seqt W i pfticeSE AR biniSierhity aciihss b B, SF SR thérebl
plurality rdubingl costecendiindreasirigthedughpubf conductive links. Figure 1 Eis a
schematic side cross-sectional view of the mcroel ectronic devjces after
forming a s_ecor’%?'%@gf’adﬁ'cﬁ?é]’ﬁﬁéor%@&qsv_@aﬂ'iaﬁi%_tfenpﬁ' %g&frib%ﬂﬂlﬁ’er.
Figure 1 Fpéﬂsa@in??h!‘-‘gﬁékéinﬁbgﬁ s@cﬁﬁ&aﬁ@&ﬂét@@b&ﬁ'lﬁ%ﬁécﬁh W BYanel that
m croel ectroni ¢ device stacked on top of a lower m croelectronic device.

Fi gure 2 |iackdesseplaraliy of ticroetectroplecdies @nd an orgartic fillet thahldouplesfthe
m croel ectroni c devices in accordance w th another enbodi nent of the
invention. Figure 3 is a schenmatic sida.cross-sectional view of a plurality

of m croelectronic devices in accordance with anot her enbodi nent of the
i nventi on. DETAI LED DESCRI PTI ON



.The foll owi ng di scl osure describes several enbodi nents of m croelectronic
devi ces and net hods for packagi ng m croel ectronic devices. Many specific
details of the present invention are described below with reference to
sem conduct or devices. The term "m croel ectronic workpi ece," however, is
used t hroughout to include substrates upon which and/or in which

Fead i |t eSS - TR e FUZeliates o BT Bl (5 GoEa Craee A B,
m croel ect pRAtHed R hBIRHPE sfdtofPPeShBES C Nt The barR SRfeSof(the Hies & fhirfRB ©OF

gal lium arseni de wafers, glass substrates, insulative substrates, and many
ot her typesndf@ caidsia layesis altached e dhe backisidai [Theosacsifivial aubsirate ds thent s of

the inventjon are.desgcribed below.with.reference to, m croel ectronic. devices
 ncl udi ng (aTae Vs ol e 2CYe g of dhe dlies g Ealifl BVefPh AgRdlstiRiSRand: ng
of such  |gyeppdortasd en the Betivosidelor gielisiear y skill in the art will
under st and, however, that the invention nay have other enbodinents with

addi ti onal el enthe duid-up packaging peecassohowrere ihasesaveralhdrawbacks. ddsrr i bed

Devi ces. angitRodte BAFFERRBERR, torbliHIL ERpoiyve oy tal "R R uesTabhy ¢
i |1 ustrat eey@ipmens set apefr idrcalafiubstiatel. PRGHEHTMPe, MR ﬁ@dmﬁf\; pAtiagedaVi ces
in accordance with one enbodi nent of the invention. Figure 1A nore

speﬁ i fical nwoel@%oai@mﬁmem?av daet (h%%tac%@fzpndﬂlald \gasty @thea torredusel t@f@t r gni c
! ; o . T \HE 0 ol
i vi cual P9 BRI of e Uolbes BT LAREA et Boatd - Artfiidy.' ©

i nt egr at edthere cis ta Irigbd dof | ast efficient 9 &fid heustrgffottipd uprddesy ¢ patkadgpads
114 electrically coupled to . the integrated circuit 112, and a second side
118 opposiE‘léCfPﬂPécﬁf?'F'gtde¥i°8§"@%@fefiﬂ&%ﬂ%s 110 are typically individual
conponents such that the integrated circuits 112 and bond-pads 114 are
specific tgURMAARYi € 110. The dins 110 are formed on the mcroel ectronic
wor kpi ece 102 in an arrangenment in which the dies 110 are spaced apart from

each other by, at nost, a first distance D,. After formng the dies 110,
the nicroel ect r Bt cPiRseRbi iaventiep jss giracted ofryvard naaethads fort ppaskagingat e

t he dies i i i i i a

ol ur al 1y "HeroleBhbiic dbicds And ERIdHC Sekions Taffiid () Bl nihels
100a-b) afOee aspeathivhghehinventioneisedineotsdc toward Bl (method Som packagingber
104. After_cutting the, workpi ece, 102, of Fi ur_efdlA bo separate the dies 110
Into i nai IRGPeREIE fevicedndliiphgmisraeiotian's dies bang:  SFECTRB R 8 es
110" can bﬁu?élﬂﬁcdfeﬂoﬁdlgadé'érﬂ #WekBhg dilE GPpdsite THePmpstt siRMber, LRg- The

support nenber 104 can be a separate substrate nmade of silicon, glass, or
ot her sui tembedimentr | thes. methosovinciudese propiting senplurality4 of arsingulatedape,

such that MRESeIPaEsE 3R, Lol lid g et 8 HiapdhRembes GyeRhb oac:
a second dhetdiesearid at Téxst =€ portibrdof tifn eappert Imerabeevith & RaslettR fayest

di stance D1 (Figure 1A), and thus the spacing between the dies 110 is
gr eat er onf%’"'g’ a ?'H@%ﬁﬁd’r’?s Haiongh thesdielesHicolavendahwerpi theedies2 apdi gur e

1A). In o -ﬁéaﬁq by SofSHMA RS fi ] Qni ol an be
te)sted tor‘gﬁsure %g{lurtbﬁlgiofunctl on g?%%@ff@ﬁ%ggggbg@:ﬁggl aTrt‘(&aié g‘tg?ac ed to
t he supporlinksmandre aleadtricallyedupiedta the dies.i abi | ity of the packaged

i | ect i g.devi Af t ttachi L he di 11 th t
Terber 104, a G SHeRebOL i eriEpsimado Praakia Jof ik cieks fprEngiHBE 110
and acr ossditfenex piGodicatrenie workbieee dridséutiing IRcmickas) efroﬁi'&‘iw&r‘k?ié@étto member

e
104 between the dies 110. The first dielectric |ayer 130 has a Tirst
surface 13epasateethendiesuifmomt @achqothiepdesfore chupling dhe sdies doethes Suppord a

t hi ck i i 1 th i

el oorr; dhemplr PTHp s sorPhe khAGed 8baf BY of it Blcfarisa h, k¥ et Belfle, ,; .

| ayer 130 ankﬁiacbWrﬁb@\semﬂiwdmrﬁep@@meléﬂﬁbdﬂ michRfbedl eﬁ'nelﬂéboitfoedifst_%'ﬁ@éed to
formthe vias 150 That extend fromthe first surface 132 of the first

dielectric layer 130 to the bond-pads %14. In addition) portions of the
first dielectric |layer 130 between the dies 110 are renoved to formthe
vias 160. The vias 160 extend fromthe first surface 132 of the first
dielectric layer 130 to the second surface 134. In this enbodi nent, two of
the vias 180 are illustrated between the dies 110. In other enbodi nents,
however, a different nunber of the vias 180 can be fornmed in the first
dielectric layer 130 between the dies 110. The vial 150 and 160 can be
formed by etching, drilling, or other suitable nethods. Figure 1 Cis a
schematic side cross-sectional view of the m croel ectronic devices 100
after farmng a plurality of conductive lines 154 coupled to corresponding
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In one aspect of this enbodi nent, the second portion of the conductive

| i nks 164b can be forned by depositing sol der paste into the vias 162 or
el ectroplating a conductive material such as copper. In other enbodi nents,
the conductive |links 165 can be farned by other nethods. In one aspect of
this enbodi ment, the conductive links 9 65 can include ball-pads (not

shown) proxi i f f A | i yer
170. In an%tq%%faegggaeipﬁoﬁﬂsf Eisga?}et%bo I ntlia.'%ftr%t %‘%E;%B%%Eg%grﬁeﬁ%gai@é r@an be
el ect ri cal éactrcoinet e the supportinemiséreitianowtien thegsard art éfthetvwasrkpieeodphnent s,
t he conductive |inks 165 can ingclude pass-through circuitry and not be

el ect ri cal BYPtEETBPRAF ©f this embadiment) the-mathed gark indude trming apertuiegdn

' "y Lui . . . ; .
Thira por 1B Smetrf Hiethod; Mial!ofé AoREl\AH CofBipdiiing Vsl o EHAE T
one aspectlagér.t fthe cenboctiveslirkspart extend ditotthe apepipred, heahethed Gdpédtaif ar e

aligned with th onductive links 165 can be renpved to create lurality
of apertur_é‘é5 ﬁ@gpgﬁ%ﬁ', %HEG%HBW‘;JHFWBF@PVWH %éHBH‘EﬁtiWP‘Frn‘E_%’%fBQC can
be formed §igsidng tﬁ@arél%aeﬁ(ézlakgﬁ and formpart of the conductive |inks 165.

The third portion of t onductive finks 164c can include ball-pads or
contacts. Accorfmother , aspest coindbet inventionk és 1difectech texacdhdaf pdunatitye dfi r st

f 172, of th d dielectric | 70 to t ] d, hj 105 of
The. cuppor FieeEEroTE #8VReS . n Bhp ke et Bt mitrs BorpRe A hEbaeh & no
first dielgdhippert gfbeh38. plliAP o AftrsbIBbRsc ided R6BpIcd7R 178 Supbert

support nenber , the assenbly can be cut along lines A2-A2 to singulate
t he ni cr oenedesna dielegiricdayenoven theadisist anthat least lipedians of 4k Isuaport hose

not ext end ETEEuGNY RFUBIRTEcormikle FHEE ertenbiNo FORCH Bt el g E° ™
plurality ditlezfriy layeeto asgecondfsurfared dfrthé iteledtripdayermeThe diddhdirfeoss t he
first dielectric | aéet 130 i s de_i)05| te%@%ggshown In Figure 1@ 5 and the

first portinigraied: siccultcangapiveality gf do goupled g thegintegra it ur es

of the su ot | Lt L eat s, i

support ne e?hé{%ﬁ#@%ﬁl@ggmﬁ g%@éﬁg&édg&? ?ent? tgﬁgquer' %rtlargaff&%gﬁh[ Hggvi as
160 are f ozmbodiment the Support diesnbrtinclodéssperturds antthecbaduativedihksmné s, t he
sol der .9. bal | s..can be deposited on the conductive |inks 165 after the
conduct | et IPARSPAIYS AP EFdiRIcPRe SR, BB RemdB anstaer seReSH & T | < o
schemati C g6difieht Stiecdvieturitef thdlliad BORS! oV CA10BLECA! SHiEn W Uhee 200
stacked on top of a lower mcroelectronic device 300) The upper and | ower
m cr oel ectdielectricdayern: dp srotheraspeciofthis ¢rebodiment ithg deviess further intlude

m croel ectr Qpj G..dey| . 100, .descr.i be oV i reference Ei gur 1 B1
£ For ocpleasing B pEE ek s SirRRtPuBb! Bk B<eGREER D sobei 00
each i ncl ustgrespondingeondlictival linkd] ahklsadsi maynhof bedligmsti witkltee ondirctivd Oa- b) .
The m croel ectronic dies 110 can be the sane type of die, or the dies 110
can be di flifSent types. The upper m croel ectronic device 200 is coupled to
the I ower m croel ectronic device 300 by attaching the conductive |inks 165
of the upmERIEF DESEIRIPTIONICF 18E PRAYANG® the solder balls 174 on the
conductive links 165 of the |lower mcroel ectronic device 300. In this

enbodi nent, the_upper .mcroel ectroni c device 200 does not include pads or
contacts that dr@u&Suffetf ¢ tlusthates yagaws palages 1in &nmetivd, A7 PaskadiNges of

t he tower i ' Vi P i ; ) as t hose
doscr i bod TS Sea i BBYiEet R accrdiive With he'BosRfi S HienuBHish. o2

m cr oel ectroni dFigene ¢A isaan sbirerabtic tsidec gtdsg-seatiphaldview efhat introelectronic

m croel ectroni ¢ device when fhe d?vices are stacked. In one aspect of the

i |l ustrat é’ﬂorgﬂl?t?&i I8 a plyEalify, pEmicrpeleattPRic di€shi ¢ devi ce 200 can be
attached to a printed circuit board before or after the | ower

m croel ectronic device 300 is attached. In other enbodi nents, one

m croel ectroni c device can be attached to a support nenber and nultiple

m croel ectroni c devices can be stacked on top of the single device. One
advant age of the mcroelectronic devicds is that they can be stacked on top
of each other. Stacking mcroel ectronic devices increases the capacity or
performance of a device within a given surface area or footprint on a
circuit board. For exanple, when a second mcroel ectronic device |Is stacked
on top of a first mcroelectronic device, the second mcroel ectronic device
is electrically and operably coupled to the circuit board w thout using
significantly nore surface area on the circuit board. Another advantage of
the mcroel ectronic devices 100 is that --~o t he conductive |inks 165 and
the solder balls 174 create a redistribution systemwith a greater pitch
(i.e., greater distance between the solder balls. A greater pitch between
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CLAIMS 1. A nethod for packaging m croel ectronic devices, conprising:
providing a plurality of singulated m croelectronic dies; coupling the
plurality of individual mcroelectronic dies to a support nenber; covering
the dies and at | east a portion of the support nmenber with a dielectric

| ayer; formng a plurality of vias through the dielectric |ayer between the
dies; and fabricating a plurality of conductive links in correspgnding

vias. 2. Thfe ndtige@ IB ¢ B rﬁcmemﬁﬁe$iﬁef)F'i9§FﬁPﬁ@°ﬂq4neViﬁWcPgeﬁ Rlunadly ©f di es
come <25 A%, B AR Tl

m cr oel ect piec 0 seéparate th rom eac
coupling tiemeees to the support nmenber. 3. The nethod of claim1 wherein

providing the microelectronic dies conprises: formng the dies on a,
ni croel ect r oni Figdiekpde S'\?ﬂﬁéﬁ‘%qcnsmﬁ&pre?%§e‘§!°§'a£ﬂ§8’e@1 higamicreslectronic ¢

di st ance; Ut d 1 . ] ﬁcéor Wo | ece to separate the dies
from each Ci%"ﬁ%%% %@4@?@'@@5@'%&& e gﬁggﬁ\{%ﬁ}{ € support nenber; wherein
coupling the dimgute1bhie = sehEmatiosidbasrosssgctionab viepaoi ihg mixxoelethenidi es a

second distance greater than the first distance, 4. The 'agt hod ,o[( claiml1,
further coipmices afteriemning@ rivwality Sfbalpadsanda pluralily OheorfutVe inkie support

T o At T
bal | - pad adeviyes after forming a second portion of the conductive links in the support
member.
Figure 1F is a schematic side cross-sectional view of an upper
microelectronic device stacked on top of a lower microelectronic device.
Figure 2 Is a schematic side cross-sectional view of a plurality of
microelectronic devices in accordance with another embodiment of the invention.
Figure 3 is a schematic side cross-sectional view of a plurality of

microelectronic devices in accordance with another embodiment of the invention.
DETAILED DESCRIPTION

The follawing disclosure describes several embodiments of microelectronic
devices and methods for packaging microelectronic devices. Many specific
details of the present inventioﬁ are described below with reference to
semiconductor devices. The term “"microelectronic workplece," however, is used
throughout to include substrates upon which and/or in which microelectronic
devices, micromechanical devices, data storage elements, readiwrite
components, and other features are fabricated. For example, microelectronic
workpieces can be semiconductor wafers (e.g. silicon or gallium arsenide
wafers), glass substrates, insulative substrates, and many other types of
substrates. Many specific details of several embodiments of the invention are
described below with reference to microelectronic devices including

microelectronic dies in order to provide a thorough understanding of such
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€l ectrically coupled to corresponding dies. 6. The nethod of claim1l
wherein the dies conprise a first die and a second die, wherein fabricating
conductive links conprises formng ball-pads on and/or in the dielectric

| ayer, and wherein the nethod further conprises: depositing a plurality of
sol der balls on correspondi ng ball-pads; cutting the nounting nenber and

t he di el eclefbadirpgsts. t . ond di.es; and stacking
the first die on top & pﬁmﬁzﬁﬁwaér é’.ﬂh% "%:gnﬁ@ﬁ riesand. diawener rthet her
conpri si ngtheiaentigntmay mavetother Bﬁhﬁb_ﬂfméﬂ’t@'ﬁdﬂhﬁdﬂhi@ﬁalaé]gmteﬁfs gi‘ W'tﬁcbﬁl c
| ayer. 8. ghg rrftﬂ&d of claim1l wherein fabricating the conduc i ve PHhks
conprises SPLYAN PLUIS Slepen gﬂ'@“’! Red desarieed withirefekendeotoctherermpedigicrs di es.
9. The net bpplj*‘i-eymijn 1, further conprising formng a plurality of

[ e nounting nmenber aligned with correspondi ng conductive

apertures in the
i nks. 10.AThe ctsbnic] BlavickswamdeMethbes PEsH PdciaRl FABDRR ] | ks
conpri ses afir@t ﬁlurality of conductive [1nks an '
further conpris v mng a plurality of apertures in the nmounting nenber
aligned with COFjgRfPMAAE GIRRHLEH | VEidus"PaqedNd,fQrm ng a second plurality
of conductive Ii r?Es in ccgrre_spong:'lt n%ﬁ.'adﬁjesr FE?%% Cli'i. THE ‘é‘t?hB RACKEEWIIm 1)
further comiirpeleatiorincd@dcasain mgcardaneastita oper einbBdidferit ¥ tHeelrRehtibs | aver

Lo ¢ e BB AR ol 15, aThToLES e oScomonat v o
T b iy & PR e D e e W o
. ies 110 can include an

integrated circuit 112, a first side 116 having a plurality of bond-pads 114
electrically coupled to the integrated circuit 112, and a second side 118 opposite
the first side 116. The dies 110 are typically individual components such that the
integrated circuits 112 and bond-pads 114 are specific to each die 110. The dies
110 are formed on the microelectronic workpiece 102 in an arrangement in which
the dies 110 are spaced apart from each other by, at most, a first distance D,.
Atfter forming the dies 110, the microelectronic workpiece 102 is cut along lines
As-A; to singulate the dies 110.

Figure 1B is a schematic side cross-sectional view of a plurality of
microelectronic devices 100 (identified individually as 100a-b) after attaching the
microelectronic dies 110 to a support member 104. After cutting the workpiece
102 of Figure 1A to separate the dies 110 into individual devices, the second side
118 of the microelectronic dies 110 can be attached to a first surface 106 of the
support member 104. The support member 104 can be a separate substrate
made of silicon, glass, or ather suitable materials, Moreover, the support member
104 can be a tape, such as a polyimide tape or wafer-mounting tape. The dies
110 are arranged such that the dies 110 gre spaced apart from adjacent dies 110
by at least a second distance D,. The second distance D; Is greater than the first
distance Dy (Figure 1A), and thus the spacing between the dies 110 is greater on
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.the.second via. 13. The nmethod of claim1, further conprising formng a
plurality of pads in and/or on the nounting nenber, the pads being

el ectrically coupled to and not aligned with correspondi ng conductive
links. 14. A nethod for manufacturing m croel ectronic devices, conprising:
constructing a plurality of mcroelectronic dies on a mcroelectronic

opposi to t e Vet meREeP dpd e 5h i PErieck RENFEFE AT 1 SpRISwReCS
m cr oel ect fpietnbiRAirtiehiotie iicrdeRairohie dibs 190askn B tadd R chbdieMthdtMeydi es
to a nounting nenber with the second side facing the suggort menber ;

deposi t i ngfuictipapeeperiycbefagaciheyase attaehed testherrupportieembera] Qbta erranse t he

surface oppiaeliabifShifie BEtkaded MEFSoBRpIE Rvispt Il o7 v as [n the
dielectric | ayeAﬁeuem@@rnn? hige @iigds 110 e thé JBppart Néhber 104 Fiha didlestic
surface to the second surface; and fabricating a plurality of conductive

links in clayeedgBnsgidegosited acress (the siessbiband acrmssdbaRxOPRe@ areasef thei ng

el ectri cal I i ' , f ign,14
wher ei n: chyﬁ‘é %?lﬁ%?% %gdét) Rﬁ% §§B§§ﬁ' trﬁ%nﬁ#rg?% I]beeg‘f' ?%ﬂ ﬁ’%g\%b%g I1 g'c e?h% rfrg%ti ses
spaci ng apdidiedttie layee$30 has afirstiafaracks208 seendeuratat® oppasial thedirstng t he
dies to the support nepber conprises spacing apart the dies a seco

nb d
i stance gPwAaE 198,400 AdNieknass Ty S RREEIY o1 yids 139 a0 A6harndben foresi m 14
whet oi i the di s . . . . . oo Ccati
the conduch HeGielHRe Isy8r 30, Wiorel cieciang, SERGRS oftfe it kR ayarCR | "9
in the di eli2@directly @peve thadontqadsm t4ef thet died T afecrercovad tesforsm the

1oD0St 1 O B Pk el S U5 o el R AR, IR a0 | 8
first die ge bowd-phds 1845 9a FitINE partions of the first dielectric layer 130 between
the dies 110 are removed to form the vias 160. The vias 160 extend from the first
surface 132 of the first dielectric layer 130 to the second surface 134. In this
embodiment, two of the vias 160 are illusirated between the dies 110. In other
embodiments, however, a different number of the vias 160 can be formed in the
first dielectric layer 130 between the dies 110. The vias 150 and 160 can be
formed by etching, drilling, or other suitable methods.

Figure 1C is a schematic side cross-sectional view of the microelectronic
devices 100 after forming a plurality of conductive lines 154 coupled to
corresponding bond-pads 114. After forming the vias 150 in the first dielectric
layer 130, the conductive lines 1564 are formed on the microelectronic devices
100. The conductive lines 154 can be discrete traces that have a first end 153
electrically coupled to individual bond-pads 114 of the dies 110 and a second end
155 opposite the first end 153. . In addition, a first portion of a plurality of
conductive links 164a Iis formed in the vias 160. In one aspect of this
embodiment, the first portions of the canductive links 164a are electrically coupled
ta corresponding bond-pads (not shown) on the dies 110. In other embodiments,
as discussed in greater detail below, the first portion of the conductive links 164a
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17. .The method of claim 14, further conprising renoving the support nenber
fromthe dies and the dielectric layer. 18. The nethod of claim 14, further
conprising: formng a plurality of apertures in the support nenber aligned
wi th correspondi ng conductive |inks; and wherein fabricating the conductive
| i nks conprises formng the conductive links in the apertures. 19. The

wher ei n_ oo in ot e EGBRRLg g BOBRARR R R 1O ArBuRR PR B en”
the first ambodinent tie esndwniteWnes aisg dritethbifirstt pottion of trePesiefichpstibkd r om
t he second via. 20. The nethod of claim 14, further conprising formng a

plurality df4aean b famedby sauiteringsathin fiimmrefia eendugtive saaterialacrgss the

el ectricall e i p [ ucti v.e
ks < 3p MStIUREHT bRt ituding SR Pat 160 i 167 DRAE cifaGaG halere

i ncl udi ng rganrisetiepiumnesppbret dmhisrsuiableésriuaties nidtehall tRPoriohs bsthesi de
w th bond-pads electrically coupled to the integrated circuit, and a second

si de opposicepdugiiver natarial icaa be femnavedranetsbingr tosiory:the sesduclive lingsal 54

| o . - . ; ; . ‘
P o oel oot o HHRGARE donted £f e cohBufielNEPHEEE, ) otheE Srifiments, the,
support nembaductiev iesd 54 enddiresfics portior] efittic aondudtivenlinks 164a SdAsy t

menber with a dielectric la ormng a F‘Iurality of vias in the

di el ectri c foragRs sqnﬁﬁt%?@%égﬁm%ﬁgﬂavlﬁ@@ @f®ctric layer; forning a
Doy Sepobat g VP BiR e BaRERNS TGRS Bhanify sl G, o
cor r espondicogductive; liaksl 16darangeconsie dilattiid ayeri 150 d$ depodited iaceods thes in
cor r espondi g, Apetf ureactial b2 RSt aridte ¥r B BbEShd B SiE SR A
proximate to the second ends 155 of the conductive lines 154 are removed to
form a plurality of vias 162. Furthermoare, portions of the second dielectric layer
170 proximate to the first portion of the conductive links 164a are removed to form
a plurality of vias 162.

Figure 1D is a schematic side cross-sectional view of the microelectronic
devices 100 after forming a plurality of ball-pads 156 and a plurality of second
portions of the conductive links 164b. After forming the vias 152 in the second
dielectric layer 170, arrays of the ball-pads 156 can be formed in the vias 152.
Each array of ball-pads 156 can be associated with a corresponding die 110, and
each ball-pad 156 in an array can be electrically coupled to a corresponding
bond-pad 114 of the die 110 by a conductive line 154. In addition, the second
portion of the conductive links 164b can be formed on the first portion of the
conductive links 164a in the vias 162, Together, the first and second portions of
the conductive links 164a-b form a plurality of conductive links 165 that extend
through the first and second dielectric layers 130 and 170 to the first surface 106
of the support member 104. Next, a plurality of solder balls 174 can be deposited
on the corresponding ball-pads 156 and the corresponding conductive links 165

proximate to a first surface 172 of the second dielectric layer 170.
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22. »The method of claim21 wherein: constructing the dies conprises formng
the dies in an arrangenent in which the dies are spaced apart by a first

di stance; and coupling the dies to the support nenber conprises spacing
apart the dies a second distance greater than the first distance. 23. The
met hod of claim 21 wherein the dies conprise a first die and a second die,

wherei n for ni ] ductive,. link ' f or mi ng. bal |- pad
ol or i n_t he- dnepie. dspaty 0BT Srncthkit in€ BBSAE ERale Bt M cohndRes cor
deposi ti ngligksPeds! tdry B fGmelEbybdbpssifiiy GAderSpastei b hAk! viggddser Gt ting

the support nenber to separate the first and second dies; and stacking the
first di e elgcireplating @heongdustvel nepterial-such aaopprie Ineathedembodiments, 2he

the 1 rst EIRAYE Tiks! oo, 68 S onkRa WA R oRINGRRS B 8B0r 2986 Heith” i oo
25. The negmbddident! 2he) ednductivé NRfks® O1BY |daNN InANIGAR PBAIl-pAd A Bt diRAd) 2
portion of the dielectric layer. 26. The nethod of claim2l wherein the

di es conprpxinate;tedhe firet cg te& ehthessecondrdielecticr layer hg0+t He another

and. whor oi RoATRS SPIFS PitoBer CEEERH Bty RS fatfoe Bl g cogHRAYC! °
met hod of {Heahitrélestrurietiest DI0Y Ingsthéreernbediments; tivs eoridudiioé dinks 468RARNG t he

dies to the support EEnLtégr . 28. The nethod of claim?21l wherein formng the
apert ur es BEUGePassthrougs GicHiyiand netibs elaetrically equrbed tathesties 4801 i nks. 29.

e et v U IR BB 904 ASF Ve Y ibrgieoronic
el ectri cal dgvices 100 after forming a third portion of the conductive links 164c in the
support member 104. In one aspect of this embodiment, portions of the support
member 104 that are alighed with the conductive links 165 can be removed to
create a plurality of apertures 163. Next, the third portion of the conductive links
164¢ can be formed in the apertures 163 and form part of the conductive links
165. The third portion of the conductive links 164¢ can include ball-pads or
contacts. Accordingly, the conductive links 165 can extend from the first surface
172 of the second dielectric layer 170 to the second surface 105 of the support
member 104. After forming the conductive links 165 through the first dielectric
layer 130, the second dielectric layer 170, and the support member 104, the
assembly can be cut along lines Ax-A; to singulate the microelectronic devices
100. In additional embodiments, such as those described below with reference to
Figure 3, the conductive links 165 may not extend through the support member
104. In other embodiments, a plurality of apertures can be formed in the support
member 104 before the first dielectric layer 130 is deposited (as shown in Figure
1B), and the first portion of the conductive links 164a can be formed in the
apertures of the support member 104. In additional embodiments, portions of the
support member 104 can be removed to form the apertures 163 when the vias
160 are formed in the first dielectric layer 130. In other embodiments, the solder



..coupled to the integrated circuit, the nmethod conprising: formng a
plurality of dies on a mcroel ectronic workpiece, wherein the dies are
spaced apart by a first distance; cutting the mcroel ectronic workpiece to
separate the dies; attaching the dies to a support nmenber in an arrangenent
in which the dies are spaced apart by a second distance greater than the

first dist , i el . | he dies.. t | t
port i on of Bl SRpbHEsty Bp The bBblarie iAKS 165 SRy L9 eondioeP Ints np8ign
the di el ecird fermed fi tHeedupper méabet ¢34, t he vias being spaced apart fromthe
di es; and constructing_a plurality of conductive |links in corresponding

vias_ 30. The niEigH i a3 nsctenatier side t resaisestionatpriese of fan aippdre and

bai | - pads. BETaHRRGHE (EFe e biage BRI bl 4 iawel (e PRRREORE SRBR oI i ¢ her
conpri ses: TR@NPper iddl fowdrufridrobléchbnigodé\ites 2D0Savh 300" £8% RRANGbAGral|
bal | - pads; cutting the support nenber to separate the first and second

di es; and gifllakitadhenmicroelectrenie devieesp 160 dessribed crhovei with Ieferghee et hod

and t he i cloulsd 18%E, B dhife, <R AR ARy BibioeliRTREle, 5effRs Aot ng
t he conducémd 800 eakls irshudy & ssicroelettiohicadib 11 0qRIeptified irididdeaIyctaect 104Db). i nks
to correspondi ng bond-pads on correspondi ng dies. 33. The met hod of claim

29, furthefheBligeelsciignicatias 140 £apibertheisameolype ot ditisshe dieshtl Geapbet
T e o rOTRrLIESE HESB0E FRBOBCHGNE Kovben0 OouleR EFHRBRE o 3
microelectronic device 300 by attaching the conductive links 165 of the upper
microelectronic device 200 to the solder balls 174 on the conductive links 165 of
the lower microelectronic device 300. In this embodiment, the upper
microelectronic device 200 does not include pads or contacts that are coupled to
the solder balls 174 on the ball-pads 156 of the lower microelectronic device 300.
in other embodiments, such as those described below with reference to Figure 2,
the ball-pads 156 of one microelectronic device can be electrically coupled to
another microelectronic device when the devices are stacked. In one aspect of
the illustrated embodiment, the upper microelectronic device 200 can be attached
to a printed circuit board before or after the lower microelectranic device 300 is
attached. In other embodiments, one microelectronic device can be attached to a
support member and multiple microelectronic devices can be stacked on top of
the single device.

One advantage of the microelectronic devices is that they can be stacked
on top of each other. Stacking microelectronic devices increases the capacity or
performance of a device within a given surface area or footprint on a circuit board.
For example, when a second microelectronic device Is stacked on top of a first
microelectronic device, the second microelectronic device is electrically and
operably coupled to the circuit board without using significantly mare surface area

on the circuit board. Another advantage of the microelectronic devices 100 is that
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.second die, wherein formng the vias conprises formng first and second
vial between the first and second dies) and wherein the first via is spaced
apart fromthe second via. 35. The nmethod of claim 29, further conprising
forming a plurality of pads In and/or on the support nenber, the pads being
electrically coupled to and not aligned with correspondi ng conductive

m or oel ect Fone HELUE RS B8 Lark LS By 174 BHGARH fediitibGd i o

opposi te timthfa gedated gitch (i, grédteddietiniee isdtween Ftﬁéll%bidé@_b‘hllfs{.r # gf¥iaferand a
second die to a support nenber with the second sides facing the support
menber; deptte? thehwesn Goldescpalls allays fop\aigreater mpitel t befwaen eewrespondingand at

| east a pogt, r | el LC.: havi first
surface andoaBisn B efeaitboard, CRENRboaldiyh B FEbter RULAERNAR Hoafl, o1
via and a asccmshper antregsigrite rhamufactary. f MopedVer! dgreliter pirdh hriayl Mo thko t he
second surface between the first and second dies; fabricating a first
conduct i veMIGRRIECKORIGAQVIGES o, uge Ayatandaedt mthet Sirmu 8t sustom bfﬁl-gmd @&ysecond
Vi a, vvhere'gﬁacﬁ he first conductive link is electrically coupled to the first
di e and the sécond conductive link is electrically coupled to the second

di e; and fBr m nQtlerMicsteldoitdnioBeviees ay and a second bal |l -pad array in
and/or on the d erein the fir aII-pafJ arra

electrically coEiSP%ﬁCiti dSt lﬁgg%#’@? 'jSséd%n‘EIo??Tée%tEt@@Ed’i%‘é(I P p%dplb!?ﬁfuléxs/ %fs

el ectri cal mycregleelr8Aict Qevibss RO dbcBrdance with another embodiment of the
invention. The microelectronic devices 400 are generally similar to the
microelectronic devices 100 described above with reference to Figures 1B-1E.
For example, the microelectronic devices 400 include a support member 404, a
plurality of microelectronic dies 110 coupled to the support member 404, first and
second dielectric layers 130 and 170 over the support member 404, a plurality of
solder balls 174 on corresponding ball-pads 156 in the second dielectric layer
170, and a plurality of conductive links 165 that extend through the
microelectronic devices 400. The mounting member 404 includes a plurality of
pads 480 and a plurality of conductive lines 482 electrically coupling the pads 480
to corresponding conductive links 165, In one aspect of this embodiment, the
mounting member 404 can be a polyimide tape having pads and interconnecting
circuitry. In other embodiments, the pads 480 can be formed on and/or in the
mounting member 404. The pads 480 on the microelectronic devices 400 can be
arranged to contact corresponding solder balls 174 on other micreelectronic
devices 400 when the devices 400 are stacked.

Figure 3 is a schematic side cross-sectional view of a plurality of
microelectronic devices 500 in accordance with another embodiment of the
invention. The microelectronic devices 500 are generally similar to the
microelectronic devices 100 descrit?ed above with reference to Figures 1B-1E.
For example, the microelectronic devices 500 include a plurality of microelectronic
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.»37. .The nmethod of claim 36, further conprising: providing the first and

second dies on a mcroel ectroni c workpi ece, wherein the first and second
di es are spaced apart by a first distance; and cutting the mcroel ectronic
wor kpi ece to separate the first and second dies before coupling the first
and second dies to the support nenber; wherein coupling the first and

second di eg; r ' ' et St 0l rt
From the caesotfdiistBRAIsecBRENEIERIEN I 8R° 180 70 Wiet the aids 318081
-zo  38. phedlitetdicarays of dathpzdswhEs an rthé asedondt diekpctrite Idyier st70anghdsacond .

e o el ocbrally of SRS ks bR TnnCemend drongh the elesiih Iavess 128,808 1 1 ng
venbor to Seyarhene, jaerf of il itiodindfh inffiemeRehic daliths 350 IR 56

further coimshidei agmbantinggnember sittashed ttor the digshd16upTbet migeelREtrehizgned
with the first cga&uctive L?i_nk and a second agtﬁgture I n the support nenber
al i gned wi 98VieeRoWR S8R PelahrcRien\_n a maunting membenand the moupting megwer

further co I §hN S I N t aﬁ% S 0r g ft LGl gel ronic
devi ces. 4‘15“ TE% ?}%@Eggé)oph@ﬁéai %’%Gr,nlaﬁur Lg’lrﬂ%c nﬁgrefgzsﬁngzﬂg%%ﬁ%%ﬁaelﬁ%i rd
pad i n andimsroelectromic deyirestS500ecdrebe dabrigated alithguica mdwedingcmambenofThal | gned

with the fjirst conductive link; and forming a.fourth pad,in apd/or on the
suppor t - melRERioTdl BERRUS Fremisr. srptes & Uihaeh SicrSpieg il avies R0 Shelit
conduct i veglldwikfor4? hedt SkNebhef StacHedCle 1@ dibs a6l Rl Aithér BSYEct B this
conprising providing a first mcroel ectronic device having a first nounting

menber, a @mbadimantrivel misreeiactionic dexices Afddde sot inslyder selden balls ey thenber
Coniucs 1 SRR S8 RO PR She MeBo AR R Dol ol B L (.,
mount i ng niamaaothepr aspedt g this eambsstiment, oftiee aditrosleetroaici devieayi H5ap argecond
mounting rrgnncg%rsbla?eé teocf%% amc.:ocvre(r)%lgg%tvre:? t iecsedt.:io%da iélggtpice:(?a;eor 1t7%.e 'lsheecgonv%r
890 protects the microelectronic devices 500 from air, dirt, moisture and other
contaminants. In other embodiments, the microelectronic devices 500 may
include a cover over the second side 118 of the microelectronic dies 110 and/or
may not include the cover 590 over the second dielectric layer 170.

From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as by the appended
claims.

124



~mounting nmenber, a second dielectric |ayer over the second die, and a
second plurality of conductive links extending through the second
dielectric layer and the second nounting nenber; and -21 stacki ng the
second m croel ectronic device on tap of the first mcroel ectronic device
with the first plurality of conductive links aligned wth and electrically
coupl ed to correspondi ng, conductive #Lﬂﬁﬁ%in the second plurality of
conductive links. 43. The nmethod of claim42 wherein providing a first

m croel ectroni c device conprises: constructing the first mcroel ectronic
die on a mcroel ectronic workpi ece; cutting the mcroel ectronic workpiece
to separate the first mcroelectronic die; coupling the first

m croel ectronic die end a first plurality of mcroelectronic dies to the
first nounting nenber; and cutting the first nmounting nenber to separate

the Ti st m or ofl ect AGifod R pibkadify rBREIERBAR Ails?bopAsHier o1 1

providing a first mcroel ectronic device conprises encapsul ati g at least a
portion of the pravidingagiwalityiof singuated aicroglestropictdids;of cl ai m 42 wher ei n:

providing a first mcragelectranic .devic onpri ses, deposi ti a plurality
of sol der ball Sc%qprﬁggr ﬂ'é%ptgw@i 'ng o ﬂng{v"ﬁfﬁidﬁ‘%f?%gcﬁr?'ﬁgsa'eﬁngg vﬁheg'@lpﬁﬁ
stacking the first omdmbegond m croel ectronic devices conprises coupling
the second conductive |inks to correspondi ng solder balls. 46. The nethod
of clai m42 whee@iefingr hei diesgand i deastna pogiiore of e i ssipgedti membenpyiths @s
formng a pl uralityd&%'egﬂ,% a'&,and/or on the first nounting nenber that are
electrically couple 0 corresponding first conductive links. | 47. A

plurality of niformiriges pluvalitg of ek tiedugh tied Hietdonis lagesbatneeh the alsr and
fabricating a plurality of conductive links in corresponding vias.

2. The method of claim 1 wherein providing the microelectronic dies
COmprises:
forming the dies on a microelectronic workpiece; and
cutting the microelectronic workpiece to saparate the dies from each other
before coupling the dies to the support member.

3. The method of claim 1 wherein providing the microelectronic dies
comprises:

forming the dies on a microelectronic workpiece, wherein the dies are
spaced apart by a first distance; and

cutting the microelectronic workplece to separate the dies from each other
before coupling the dies to the support member;

wherein coupling the dies to the support member comprises spacing apart
the dies a second distance greater than the first distance.

4. The method of claim 1, further comprising testing the dies before
caupling the dies to the support member.
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a plurality of mcroelectronic dies coupled to the support nenber, the dies
having an integrated circuit and a plurality of bond-pads coupled to the
integrated circuit; a dielectric |ayer over the dies and at |east a portion
of the support nenber, the dielectric layer having a first surface and a
second surface opposite the first surface; and a plurality of conductive

i nks extending=fro ' c f Li 1c laver.to.t

second surfac_e?s‘mherrqé']ii&nﬁ}eﬁu@d’dzéf_ngg@ ﬁv@rﬁeﬁ&gﬁlgﬂgﬁbﬁwgﬂ atﬂér%wegf. bél‘g The
m croel ect padizfral@vos esndpbr i aendiglevitier Rivar, t WBerdi Bes th %lrr‘égér@rbses a
pol yi m de tape. 49. The mcroel ectronic devices of claim47 wheréin the
support ne@iBetricallypeupled te cprraspanding dikSapert ures, and wherein the
conductive links are at least partially disposed in correspondi ng
apertures. 50. The microelectronic devices of claim47 wherein at |least a
portion of the gondupid wrtihddsh chird £WRetdih &R diesCeshp@sk hairsodiecsiPadi ng
dies. 51. The microel ectronic devices of claim47 wherein the conductive

| i nks conps$ecadudiel whgesin fabricating reanductive links: ermiprdsescisrmingebalbpads ont her

conprise a RV I i -pads. 52. The

m cr oel ect?@#@fﬁb‘t‘%id&%%dg@ I%Fégl %@%e?ﬂp ﬁﬁe;'&g@g)%gﬂh@%ngﬁh&éo ér over at

| east a porti ondepositirg @ pRrrality of Soldeyballs arcorféspondingasdipgsdseni ¢ devi ces of
claim 47 wherein: the dies conprise first and second dies; and -23  the
conductive |i nkatiieghe swunting mefbersand hie diglrride layer tp fepatate Mos &pst
between the first a I 54. The m croel ectronic devices of claim
47, further conpri sir%éjs%é\dg grog‘%sﬁt%ydof pads in and/or on the support nenber)
t he pads bei ng staeking thendilsy diearplopdfitioe secorebgiendi ng conducti ve |inks and
not aligned with the conductive links. 55 A plurality of mcroelectronic
devi ces, conprising: a support menber having a plurality of apertures; a
plurality of mwegroel ) i t4 agi| um-d'rqq@ ; di es
having a first ﬁ'i devmﬁﬁfyg?)idd-egg?sﬁahd a gg?::gﬁ‘ghglir%e Op[;)(:l)gl te ﬂoempﬁgst
side and fraembgr frm beplies andthendielectricliayerectri c |1 ayer covering the dies
and at |l east a portion of the support nenber; a plurality of conductive

| i nks extendi ng through the dielectric | ayer between the dies, the

conductive |inkg beiTie aetioe bfvtlhiin CPIWIRFEIANHHMEABNEG the Snduttivé dinkgppor t
menber; and a plurality of ball-pad arrays in and/or on the dielectric

| ayer, thecorpprlisasRleaficalyscounling the senquctive lipks ta eareespopdingrdies pondi ng
dies. 56. The m croel ectronic devices of claimb55 wherein the support

menber conprises a polyinmde tape. 57. The mcroel ectronic devices of claim
55 wherein condct i Vihd mutisodhref claim 1, further comprising forming a plurality of

apertures in the mounting member aligned with corresponding conductive links.

10. The method of claim 1 wherein the piurality of conductive links
comprises a first plurality of conductive links, and wherein the method further
comprises:

forming a plurality of apertures in the mounting member aligned with

corresponding conductive links; and

forming a second plurality of conductive links in corresponding apertures.

11. The method of claim 1, further comprising encapsulating at least a
portion of the dielectric layer and/or the mounting member.
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.. at | east partially disposed in corresponding apertures in the support
menber 58. The m croel ectronic devices of claimb55 wherein the conductive

| i nks conprise ball-pads, and wherein the m croel ectronic devices further
conprise a plurality of solder balls on corresponding ball-pads. -24 59.
The m croel ectroni c devices of claimb55, further conprising a cover over at

| east a portion,of | rd ' HHS)? I ' Vi ces
of claim55 vvhgf?"ei n&nghnce’étgbgs%fcdé%ir ?)sgg{%rlelrﬁgpea% gscec n@s(ﬁe g’tssli (aamngngﬁde
conduct i veebomd Hie owpereire forming the digse comgrises) doroting dirst akd sticopd 3dak
between the first and second dies. he m el ectronic Eglqevi cezroof claim

s. 61. mcr
55 wher ei etweenthe trshaad sgrpad dies; Apd w F'F-t%gg?t ViR dS RRRSRS AP3rhHORet hod

further c &b fapl urality of second pads in and/or on the support
menber, the second pads being electrically coupled to corresponding
conductive links and not aligned with the conductive links. 62. Aplurality

of m croelectroni c devices, .c [isi a plurality of mcroelecironic dies
havi ng an activé- si JEG\MQtEOQQEEPaHHJS ?‘g’m?réo RING, %E“@)‘Qrﬁ)gﬁ”fé't\f ﬂé:p%lq,st ive
side; a di; i ' j i |

i et et r i df OGS o th@tiBuriheiel 16 pals Mo Secicaly Cabied o big nat,
first surfaigaed With corespdndingfcandudtiverlipkgener al | y co- pl anar with the back

side of the dies; a plurality of conductive finks extending fromthe first
surface of the dielectric layer to the second surface, the conductive |inks

e 9 Soose e AGicb ) Fan Mok hop et gl e v 1k
bal | - pad arr aysonhstrugiifjora giurality of emigroeliectroniy e diesn @ne & Jricresigdtionic
workplece, the dies having a first side with bond-pads, a second
side opposite the first side, and an integrated circuit,
cutting the microelectronic workplece to separate the dies;
attaching individual dies to a2 mounting member with the second side facing
the support member,
depositing a dielectric layer over the dies and at least a portion of the
support member, the dielectric layer having a first surface and a
second surface opposite the first surface,
forming a plurality of vias In the dielectric fayer between the dies, the vias
extending from the first surface to the second surface; and
fabricating a plurality of conductive links in corresponding vias, at least
some of the conductive links being electrically coupled to
carresponding dies,

15. The method of claim 14 whereln:

constructing the dies on the microelectronic warkpiece comprises spacing
apart the dies a first distance on the workpiece; and

attaching the dies to the support member comprises spacing apart the dies
a second distance greater than the first distance.
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. coupled to corresponding dies. .2~_  63. The mcroel ectroni c devices of
claim62 wherein the conductive links . conprise ball-pads, and wherein the
m croel ectronic devices further conprise a plurality of solder balls on
correspondi ng ball-pads. 64. The m croel ectronic devices of claim®62,
further conprising a cover over at |least a portion of the dielectric |ayer

and/or the die 65 1 Gr t he
i s corpr i se- MBr ot Tokdredol A BAELI# Wrkrdfihe ShosliaTol b 1 ssf“*@%ﬁ&b.ase
first and @%@ﬁﬂ@l@@ﬂfhﬂéh faanbatMgsthél wﬁea@eb:mwmﬁrrs@sffomhg@plu

di es. 66. plurality of mcroelectronic devices, conprising. a rmuntl ng

menber ha\nfrl@allapad& 90 and/en i the dieleglis Jayers lﬁndawéefﬂs@dbetreetma further
sur face; 3%9?']("# ak] ty of mcroelectronic dies attached to the first surface
of the no Bs nber, the dies having a plurality of bond-pads; a

dielectric | ayefe baufhg@ plufalitysof soldérasatls amorrespondidgballfpems; proxi mate to
the first surface of the nounting nenber, the dielectric &yer covering the
m croel ectroni @u&tlr@stheéupppgtrnqmwatpﬁepa@e H!ﬁjgsbﬂ”‘aﬁﬁwd RS and £ r st

surface of theﬁﬁé@ﬁﬁ{e s{ﬂ@ggmoga?ng%g%o%tgégl ity of pads on and/or in

t he second sur antin a plurality of conductive
| inks electrically coupling the flrst pads to con-espondi ng second pads.

67. The m croel ectroni ¢ devi ce vvherel t he conductive |inks
are aligned wi tﬂ?morﬂ"@s'ﬂi‘@ﬂlﬂdn@ F|a|“'§t %n{n ng%%&ﬂ@‘pﬂi remaying ttie 'stipp or

member from the dies and the dielectric layer.

18. The method of claim 14, further comprising:

forming a plurality of apertures in the support member aligned with
corresponding conductive links; and

wherein fabricating the conductive links comprises forming the conductive

links in the apertures,

19. The methad of claim 14 wherein the dies comprise a first die and a
second die, wherein forming the vias comprises forming first and second vias
between the first and second dies, and wherein the first via is spaced apart from

the secand via.

20. The method of claim 14, further camprising forming a plurality of
pads in and/or on the support member, the pads being electrically coupled to and
not aligned with corresponding conductive links.



.68. The m croel ectronic devices of claim66 wherein the conductive |inks
are electrically coupled to correspondi ng bond- pads.
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constructing the dies comprises forming the dies in an arrangement in
which the dies are spaced apart by a first distance; and
coupling the dies to the support member comprises spacing apart the dies
a second distance greater than the first distance.

23.  The method of claim 21 wherein the dies comprise a first die and a
second die, wherein forming the first conductive links comprises forming ball-pads
on and/or in the dielectric layer, and wherein the method further comprises:

depositing a plurality of solder balls on correspanding ball-pads;

cutting the support member to separate the first and second dies; and

stacking the first die on top of the second die.
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25. The method of claim 21, further comprising encapsulating at least a

portion of the dielectric layer.

26. The method of claim 21 wherein the dies comprise a first die and a
second die, wherein forming the vias comprises forming first and second vias
between the first and second dies, and wherein the first via is spaced apart from
the second via,

27.  The method of claim 21 wherein forming the apertures occurs before
coupling the dies to the support member.

28. The method of claim 21 wherein forming the apertures occurs after
forming the first plurality of conductive finks.

29. A method for manufacturing microelectronic devices Including
microelectronic dies having an integrated circuit and bond-pads electrically
coupled to the integrated circuit, the method comprising:

forming a plurality of dies on a microelectronic workpiece, wherein the dies

are spaced apart by a first distancs;

cutting the microelectronic workpiece to separate the dies;

attaching the dies to a support member in an arrangement in which the dies

are spaced apart by a second distance greater than the first
distance;

depositing a dielectric layer aver the dies and at least a portion of the

support member;
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vias being spaced apart from the dies; and
constructing a plurality of conductive links in corresponding vias.

30. The method of claim 29 wherein the dies comprise a first die and a
second die, wherein constructing conductive links comprises forming ball-pads on
and/or in the dielectric layer, and wherein the method further comprises:

depositing a plurality of solder balls on corresponding ball-pads;

cutting the support member to separate the first and second dies: and

stacking the first die on top of the second die.

31. The method of claim 29, further comprising removing the support
member from the dies and the dielectric layer.

32. The method of claim 29 wherein constructing the conductive links
comprises electrically coupling the conductive links to corresponding bond-pads
on corresponding dies.

33. The method of claim 29, further comprising forming a plurality of
apertures in the support member allgned with corresponding conductive links.

34. The method of claim 289 wherein the dies comprise a first die and a
second die, whereln forming the vias comprises forming first and second vias
between the first and second dies, and wherein the first via is spaced apart from
the secand via.

35. The method of claim 29, further comprising forming a plurality of
pads in and/or on the support member, the pads being electrically coupled to and
not alighed with corresponding conductive links,
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microelectronic dies having a first side with bond-pads and a second side

opposite the first side, the method comprising:

coupling a first die and a second die to a support member with the second
sides facing the support member;

depositing a dielectric layer over the first and second dies and at least a
portion of the support member, the dielectric layer having a first
surface and a second surface opposite the first surface;

forming a first via and a second via fram the first surface of the dielectric
layer ta the second surface between the first and second dies;

fabricating a first conductive link in the first via and a second conductive
link in the second via, whereln the first conductive link is electrically
coupled to the first die and the second conductive link is electrically
coupled to the second die; and

forming a first ball-pad array and a second ball-pad array in and/or on the
dielectric layer, wherein the first ball-pad array Is electrically coupled
to the first die and the second ball-pad array is electrically coupled
to the second die.

37. The method of claim 36, further comprising:

providing the first and second dies on a microalectronic workpiece, wherein
the first and second dies are spaced apart by a first distance; and

cutting the microelectronic workpiece {o separate the first and second dies
before coupling the first and second dies to the support member;

wherein coupling the first and second dies to the support member
comprises spacing the first die apart from the second die by a
second distance greater than the first distance.
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109%&' () - cutting the support member to separate the first and second dies.

39.  The method of claim 36, further comprising forming a first aperture in
the support member aligned with the first conductive link and a second aperture in
the support member aligned with the second conductive link.

40.  The method of claim 36, further comprising encapsulating at least a
portion of the microelectronic devices.

41. The method of claim 36, further comprising:

forming a third pad in and/or on the support member electrically coupled to
and not aligned with the first conductive link; and

forming a fourth pad in and/or on the support member electrically coupled
to and not aligned with the second conductive link.

42. A method for stacklngﬁmicroelectronic devices, comprising:

providing a first microelectronic device having a first mounting member, a
first microelectronic die attached to the first mounting member, a first
dielectric layer over the first die, and a first plurality of conductive
links extending through the first dielectric layer and the first
mounting member;

providing a second microelectronic device having a second mounting
member, a second microelectronic die attached to the second
mounting member, a second dielectric layer over the second die,
and a second plurality of conductive links extending through the
second dielectric layer and the second mounting member; and
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microelectronic device with the first plurality of conductive links
aligned with and electrically coupled to corresponding conductive
links in the second plurality of conductive links.

43. The method of claim 42 wherein providing a first microelectronic
device comprises:

constructing the first microelectronic die on a microelectronic workpiece;

cutting the microelectronic workpiece to separate the first microelectronic
die;

coupling the first microelectronic die and a first plurality of microelecironic
dies to the first mounting member; and

culting the first mounting member to separate the first microelectronic
device.

44, The method of claim 42 whereln providing a first microelectronic
device comprises encapsulating at least a portion of the first dielectric layer.

45, The method of claim 42 wherein:

providing a first microelectronic device comprises depositing a plurality of
solder balls on corresponding first conductive links; and

whereln stacking the first and second microelectronic devices comprises
coupling the second cenductive links to corresponding solder balls.

46. The method of claim 42 wherein providing a first microelectronic
device comprises forming a plurality of pads in and/or on the first mounting
member that are electrically coupled to corresponding first conductive links.

| 47. A plurality of microelectronic devices, comprising:
a support member,
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having an integrated circuit and & plurality of bond-pads coupled to
the integrated circuit;

a dielectric layer over the dies and at least a portion of the support
member, the dielectric layer having a first surface and a second
surface opposite the first surface; and

a plurality of conductive links extending from the first surface of the
dielectric layer {o the second surface, wherein the conductive links
are between the dies,

48. The microelectronic devices of claim 47 wherein the support
member comprises a polyimide tape,

49. The microelecironic devices of claim 47 wherein the support
member comprises a plurality of apertures, and wherein the conductive links are
at least partially disposed in corresponding apertures.

50. The microelectronic devices of claim 47 wherein at least a portion of
the conductive links are electrically coupled to corresponding dies.

51. The microelectronic devices of claim 47 wherein the conductive links
comprise ball-pads, and wherein the microelectronic devices further comprise a
plurality of solder balls on corresponding ball-pads.

52,  The microelectronic devices of claim 47, further comprising a cover
over at least a portion of the dielectric layer.

53. The microelectronic devices of claim 47 wherein;
the dies comprise first and second dies; and



.10 10 107mlO%& ()-33109%&' ()- FS2M 109&' ()- 010%& () - 4~edEnbCT
10! Y1 10%& ()-3 s10%& ()- m 10%& ()-3 ys10%& ()-
| 109&' ()-1 @1 109%& () -/ nMIEnbCT 10! Y109%&' ()-s109%& ()-  109%& ()-L 10%&' ()-
109&' ()-Z10%& ()- M J]dEnDCT 10'Y Y%@O0%& ()- " 109%& ()- 10%& ()- 10%& () -
@O0% ()-10%& ()-i*[aBnbCT 10! YO10%&' ()-!5 ~-10% & ()-+10%& () -

* R’ - R -
& 10%& () (Zl&é&cégdu?étive links comprise first and second conductive links disposed

between the first and second dies.

54. The microelectronic devices of claim 47, further comprising a
plurality of pads in and/or on the support member, the pads being electrically
coupled to corresponding conductive links and not aligned with the conductive
links.

65, A plurality of microelectronic devices, comprising:

a support member having & plurality of apertures;

a plurality of microelectronic dies attached to the support member, the dies
having a first side with bond-pads and a second side opposite the
first side and facing the support member;

a dielectric layer covering the dies and at least a portion of the support
member;

a plurality of conductive links extending through the dielectric layer

between the dies, the conductive links being aligned with
carresponding apertures in the support member; and

a plurality of ball-pad arrays in and/or on the dielectric layer, the ball-pad
arrays being electrically coupled to corresponding dies.

56. The microelectronic devices of claim 55 wherein the support
member comprises a polyimide tape.

57. The microelectronic devices of claim 55 wherein conductive links are
at least partially disposed in corresponding apertures in the support member.

58. The microelectronic devices of claim 55 wherein the conductive links
camprise ball-pads, and wherein the microelectronic devices further comprise a
plurality of solder balls on corresponding ball-pads.
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60. The microelectronic devices of claim 55 wherein:

the dies comprise first and second dies; and

the conductive links comprise first and second conductive links disposed

between the first and second dies.

61. The microelectronic devices of claim 55 wherein the ball-pads
comprise first ball-pads, and wherein the method further comprises a plurality of
second pads in and/or on the support member, the second pads being electrically
coupled to corresponding conductive links and not aligned with the conductive
links.

62. A plurality of microeléctronlc devices, comprising:

a plurality of microelectronic dies having an active side with bond-pads and
a back side opposite the active side;

a dielectric layer covering the active side of the dies, the dielectric layer
having a first surface and a second surface opposite the first
surface, the second surface being generally co-planar with the back
side of the dies;

a plurality of conductive links extending from the first surface ¢f the
dielectric layer to the second surface, the conductive links being
disposed between the dies, at least a portion of the conductive links
being electrically coupled to corresponding dies; and

a plurality of ball-pad arrays in and/or on the dielectric layer and electrically
coupled to corresponding dies.
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over at least a portion of the dielectric layer and/or the dies.

65. The microelectronic devices of claim 62 wherein:

the dies comprise first and second dies; and

the conductive links comprise first and second conductive links disposed
between the first and second dies.

66. A plurality of microelectronic devices, comprising:

a mounting member having a first surface and a second surface opposite
the first surfacs;

a plurality of microelectronic dies attached to the first surface of the
mounting member, the dies having a plurality of bond-pads;

a dielectric layer having a first surface and a second surface proximate to
the first surface of the mounting member, the dielectric layer
cavering the microelectronic dies;

a first plurality of pads on and/or in the first surface of the dielectric layer;

a second plurality of pads on and/or in the second surface of the mounting
member; and

a plurality of conductive links electrically coupling the first pads to
corresponding second pads.

67. The microelectronic devices of claim 66 wherein the conductive links
are aligned with corresponding first and second pads.

28~



10%-& ()-9s10% & ()- 10% & ()-10% & ()-F1l0% & ()-YB}"?bCT 10!!&210% & () - Y%
104 & ()-'Q10% (& ()-y 10% & ()-10% & ()-!Vs10% (& ()-z3NdELCT 10!!

210% & ()- 010% & ()-L-gl0% & ()-+s10% & ()- & glo% & ()-(s10% & ()-SThCT
101! 210% & () 7Z10%& ()-Y,: 10%& ()- " 10%& ()- 10( 10( 10(7Z10%& ()-

Nor mal " " Head| ng 13] c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" gée in 93] c"A
"Default Paragr aph @W&?@F %@@%ﬁé%ﬁ@'@g%g&%ﬁm&g@ l"&

| 98 #2R, DQr ai¢ Erecttigally W@Memwmm&aq w 00T6Ti mes New

RomanAri al Courier New'h Root Ent r yWor dDocunent

I"#$9R' ()*+,-./0123456789:
<:>’?@\BCDEFG—II JKLM\ICPQRSTUVW(YZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

-27-



