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-1 PACKAGQ NG USI NG FLEXI BLE FOLDI NG | NTERPOSER
SUBSTRATE TECHNI CAL FI ELD 5 The present invention
relates to nethods and apparatus for assenbling and
packagi ng single and nultiple sem conductor dice with
an interposer substrate. In pgrticular, the present
invention relates to nethods and apparatus for

as SF&@KA@W@QJSIN@ Fﬁﬂmg'giﬁt 136; @Iﬁ@ﬂ@’f‘ Fg'@ SER SUBSTRATE
sSem conduc

I nt er poser substrate. 10 BACKGROUND ART Chi p- On- Board
("CoB") or Board-Cn-ChiE E"BOC' technology is used to
attach a sem conductor j IEL)O a carrier

subst raf rt%'éﬁthn@étt n%lht@% Fodm 5&# aggﬁr flis f§ 4 g%%ﬂ%ling Hhd
an interposer e enp oye t Ams

ghtleaginedingé algi ﬂhh]tmle s’bﬁnﬂd’ﬂdnctat &1@6 ik, 1nﬁ61‘[fo§ertmﬂd1‘a&g In
or tape ﬁutonated bondln% "TAB"). Flip chip
Fertsiie e DBBS Faenyon e fo dnhadsiang enwargmm assembling and

RERLES o RATLPRINE Al S B vt

dntbglos@tsebstmitedg a pattern of di screte conductive
el enents t herebetween. The discrete conductive
el ements are generally disposed on the active surface

of the die during fabri j but 20 may

i nstead be di sposed on Qﬁkeﬂﬁﬁﬂﬁﬁ§ﬁ{ strate. The

di scr elhip-OrrBowrt i(GOB) o BoLAl-ORChiE CBUGC"S &chhdlugPis used to
conductive bunps, balls or colums of various

agash yermaiconsivstor digcdirecty toa eardercsuhsitate such ag k gninted cursult board

R Becian BRARRR B b e aned 52 30 Bl i

ship attackiueitpwird bending or epd alfinfat @I bdndt(@T AR,
substrate_when the two conponents are superi nposed.

The sdiPchivaitachmeni gsnerslly ingideseletteicallyi aall m«;,chaniqauy attaching a

n ted L0 t.he c rier substrat.e
e e B B RGNy o de oo R OBt “GtFrsmioige wing a
QlatterA@ @@atﬁt@&dn‘dﬁctﬁfe &&ﬂéiﬁ§ﬁ1@febéﬂvjele§ dTﬁé)@Péé’rete%H@&tlv@elements
dielectric underfill may then be di sposed between t

diregastrllyslispesadransthe agtiNgsurfacecofitbe dienhuring fabeicatidn thereof but

nd t hance t ni cal attachment of
PR/ PR Bt of PReRRSensulondiec, s ot bR VRF Rents may
obpaiké ﬂﬁﬁﬁf@ﬁén&@ﬁ%@ﬁ&sbﬁﬁr&rcﬁiuhﬁlsg?gh%w Joﬁﬁguratto s. Each
attaching a semconductor die by its back side°t IF

dlisorete eonstuctivecelementris plabest coatespondiriy ta mutaqityrahgnechtoeanons of

A oSS i el e o
%hbﬁﬁk@ﬁhér@th@ eRd chRPondts 4rb SuR B po St Ue¥emiiRdAdEr die is thus

t hen
electrically and mechanically connected to the carrier substrate by, for example,

reflowing conductive bumps of solder or curing conductive or conductor-filled epoxy
bumps. A dielectric underfill may then be disposed between the die and the carrier
substrate for environmental protection and to enhance the mechanical attachment of the
die to the carrier substrate.

Wire bonding and TAB attachment techniques generally begin with attaching a
semiconductor die by its back side to the surface of a carrier substrate with an
appropriate adhesive, such as an epoxy or silver solder. In wire bonding, a plurality of

fine wires are discretely attached to bond pads on the semiconductor die and then
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-2 extended and bonded to correspondi ng term nal pads
on the carrier substrate. A dielectric encapsul ant
such as a silicone or epoxy may then be applied to
protect the fine wres and bond sites. In TAB, ends
of nmetal traces carried on a fhexible insulating tape
such as a polyimde are attached, as by

er nmnconpr.essi.on bondi i r.egt | t ads
e R AR R ool BB oty R e eta ™%

BRIt ericARSuleat Suchfas & ilisbhiadreepox i@l eenRrabphi¢tbtd GRotect the fine
| ower cost, increased mniaturization of conponents,

angs and bendesitepabkBAB rendd ehmieta) trages icarisd oardlexiile ingnlating tape

g]ré ea?sn %bﬁgli(gq? aa%l ?itltic&‘?(iigg 89 g} ué?eqrm%ip%g%lﬁor ﬁg\gé\&irencﬁ\}lyto the bond
?&hﬁﬁﬁtﬁg serhieBndUePR Ae &Hd cof@FRABRR SIS PadPod MBCineiRf Substrate.

hemtends to decrease due to advances in technol ogy
even Highenperfermanee, flemertcostnmicraagedohiniaterizstion o€ ¢@nponents, and

i ncrease. For, ex .e, on.the .average, there

SRl RR SO i seralb G 4 B8ind BGiSef e parnpyger
EYRIsHy.PAS qbwt%eﬁ&wr@toif HiledMed ciréthﬁRpl’Bﬂﬁdfi e 3el6RRE RS h@fiber of
havi ng equi val ent functionality. Recent trends in

gawkengntyused ¢o fabricatg theint fendstordsershsegiue spadiangestin teghaplogy even

fli hi attach t dye to inpraoved el ectrical .
Shspleh g TomBN RTINS mPo istiny THeSARRSe orshEgysspas there s
fahbﬂ%xﬁﬂétay%tt&@]?é}ﬂ@ﬁ Hedr8asB M cothpdIRHLs foF QREEMIBducE g&ibraﬁﬁ)n over
the high Cost for a third netal rerouteof bond pads
fthoprevioes géngditiondavipg ewhdent fofictmndiity. t o a
two-digrensiongl. array which,.in turn, nmay result i Ty
over | SR RSKEE P FOYNEH Y pigfeadal pidifyfoward lip chip
R R Y il R U e S P i density.
i Hiaveaven il chip attschnsnivisaot withotiprpblam, subleas the dighowet for a third
or other carrier substrate, a 20 resul.t of the .. .
s B S Pa b i 9 HETBBSTA Of (8 paitig-fpensional
i PR R IR v S AR RN King ORI P In
]icxld_dﬂionﬁmdsy «mly(/emﬁcma} Pip dhipﬁetlﬁﬂgttqs edhibitsu;:}acéc ofl%oggiktemt,reliability
chip packages for a bunped, seni conductor die
ot na{ﬁcthn% gs%fsg e %&%@ thR HEEPP3eh Py O R gebstrate as a
LRI (ROMREASH i MY za8bn bR el dﬁﬁg.rlger% ih MR R Eiment of the
This 1's due to the use 1n conventional packagl ng
tdie himd cpreiar smbstraté tt dffeet yuch tedcbynectivores: fiffeetige rerouting of bond

conpri sing .dyal. condyct.ive | ayers having a dielectric
b E1Y SRRl HEPED ot vieen, t he bunped

sem Conguet Hip Chi ' d S 4 16¥ift

of the con}d%?%@pﬁgidgkp%ﬁg%gﬁggsgﬁgﬁg@@ é %n%eég%s%?n
ainttrpdsectnay balhdestaiy ddtledhetto the comttaseddicight ef the die and

conductive |ayer on the. opposing side, .conductive vias
eRteEpRIeh gl D 1t dvste Hheite €h90nﬁﬁlﬁg1nﬁypacg%gg fechnifipgs of relatively

S A AT SO 1l S| v

| @ngwivhed fittredletvasenthe Blunpéd senfic@ciaster dndsting on and connected to

traces of the conductive layer on one side of the interposer and electrically connected to
traces of the conductive layer on the opposing side, conductive vias extending
therebetween. Finally, underfilling a flip chip attached semiconductor die to a carrier

substrate with dielectric filler material can be a lengthy and often unreliable process, and
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-3 the presence of the underfill makes reworking of
defective assenblies difficult if not inpossible.

O her difficulties with conventional packages incl ude

an inability to accommopdate die size reductions, or
"shrinks," as a given design progresses through 5
several generations w thout developlng new i nt er poser
q!ﬁé;h‘é%c@@fjthE ARUAT - mARs PRIk %g 3¢ Héfg Rl ats%/en{bshe% ?%‘hcuﬂ? % not
in dice, necessitating a grea er of inputs a
mmppuﬂﬂe (I/CB) decr eased spaC|ng or pitch between

t he I/Cﬁ dg severe limtations on the use of
convethgiticpitics %@é@ﬁgentlpﬁaldﬁgkatg%ﬁlcluﬂp@h inability to

| ”
SEEERRASE PASKASR, By ok B ol St b

severa @n&&ﬁ@&twwlﬁ)ud dév émﬁg few ilerpoidr HEHi &IsRAS €doling. As more
q tnbly i;s, not detected until the package is
f

iopaly iigeludehingliee, n@ﬁﬂsm@@nsage@ger ot ofSnmute agizquiputs
(PO SeRAEA hor sy SLARARREY B ubh it VB on e o

s bsiveatienad iifterposepd. NRGdaftion WRAR tonvehtitith] Padk@PesD 8 HIEE ot tested
the sem conductor die and substrate. In partrcul ar,

gl packagecassembly by campletesresulting: incax céss cestaingm atdefective die or die

s, on .l e, die are
?2@@@5%0%%%%@ 3@3%4 i MR k%ﬁ%%?lﬂ?ﬁ?# ace of
t he smosewﬁ;ﬂe WiitedBtats pm&&wml%@ea@hgﬁaa et medlgélsses a
and substrate. The underfill raterial flows th rough

tiwaly typignl Blan oltip ﬁ“@%@@éﬂf Teamigendyctod dis tapdubstrate and a method of

a .act t.ownar erture
géﬁg&l@fﬁ %z{pebe%w eél ’ % 4u|c{z)ﬁ 8leaqn|d spﬁstliaﬁee Fia 61'tlcu1ar the
ts&ﬁﬁb@&ﬁ&udt&ﬂhé‘&ﬁﬁﬁabﬂéﬁ fa&e dd‘bﬁl toStH@ SIbsRAE, \lvﬁ‘erélﬁ BhdRkive bBmps on
mnimze voids in the underfill materi al However ,

§h&ﬁlez§f? directlyi fended)tb band paststondhe upper sirface ofi desbstratd, which

RSB bt S S0 B g
o ﬁ BBtweEde tHY sefli@nactbdie HAd Hﬁ%u@tﬁﬁeeﬁa Fc’%%] gﬁ% a.%tl(?til'g)
0 t unps-

ibits difficulties in aligning the c Ive
wpplﬁurp hleth@csnblstmw hegebytaxpeliinp sirimthe gap throeghuthe epertirein the

third t
SRR B S B T4 el STt gt
|dﬁﬂéﬂi‘l’lﬂ1 Rethb@ stk R drnbYes@rily hﬂk%ﬁs%{iﬁ Hh@f&%a*ag-g Edé}ﬁu the

chip and a carrier substrate such as a Interp
a@@hrwmw@ndu@tgr ditce Fattherntme dlip diip tatiachnmne tecmmqm@dlsﬂnsed in

it P 0 7 R it s fgcbeninhe @omauctive bumps
rviehithe BEnd PR orAtBE m{r)(te ahg 'regfﬂﬁre&r he P8P QF hémnvg,% hrrd metal
abl e, del'y

the ability to enploy comrercially-av
SﬁﬂwﬁanﬁMt%@NQEalconductor devi ce fabrlcation

tech m"ﬂlere ore, N woa de ‘tgé a?c{vantageous to improve the reliability of
interconnections between a chip and a carrier substrate such as an interposer by
achieving accurate alignment of the interconnections, an improved underfill process, and
the elimination of the necessity for a third metal reroute, while reducing total assembly
height in combination with the ability to employ commercially-available, widely-

practiced semiconductor device fabrication techniques and materials.
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DI SCLOSURE OF | NVENTI ON The present invention rel ates
to nethods and apparatus for assenbling and packaging
i ndi vidual and nmultiple sem conductor dice with a
carrier substrate in a flip chip type arrangenent.

The present invention provides,a flip chip

senm conductor 5 assenbly substantlally reduced in

hei ght or depth in 'ona
|nterposer based f |IF5—¢F W th

| mpr ovgel prB& aRieafon f-’b'l’éiesetb @ﬁétﬁd&%d aﬁ;?i:ht@pfdﬂai‘»s)énfbimg B&d
|nterconnect|ons bet ween a seni conductor die and
packagiog individualand nivitiple kemicondnctsfr dige with 2 pzpusreetubstvm Irea flip

SQ i nproving .ease of ali nt for attachin
Shipas ROk o6 presr R Rpmproyfis A G ffnicfductor
%éeﬁ?b[}aéu'bﬁgnﬁanﬁl rERREA LEREE of BEptA it Eﬁrﬁﬁan]sgn Réventional
reroute as well as reducihg the tinme for optiona
mteipesm’aasedLﬂld ehfpl dssanrigies ind with ﬁﬂnpmved mepheambmtd qlectrlcal

e fli hi.p sem canduct or deV|C

50y B R et hrbteen S BN ICE R bty aB0 s er substrate in
51%%%}9 %@Hﬁhﬁérpgée? WRREIY i8hr&ihE ¥ D Edflg”’fﬁﬁent Qr attdQfing the

down with an interposer substrate. The present

isemzEohdwtori die touttie sarnent subptrate mai:dsﬁmatnﬁgnhm@quﬁmmnnt fopa third

one ,surface t he |nte oser substrate and through .
e Pian s el asa%mgﬁ PRB6 Torprgn e P BC EfS IR of the flip

Qhiplds@&lyon the opposing surface, the recesses
co flgured in a predeterm ned recess pattern that
c o r r egiherilis c]slp semaohdwetdrydevict bsseimblybafittle pesent anentienineludes a

ctlv attern or configuration of t
ﬁﬁ“ DFd seiispadpctor d ﬂemla?@afétvsrsnﬁf?@dorﬁgeeeégwn with
I [
%%bvﬁt% S Vol B orenefl inf AR s TIGHE Rendi OB from
el smcﬁan‘elogﬁ thicaihiepposamahbstrgde andotherugh thxodidlepaid layer thereof to

con uration. An adhesive el enent may be optional
1¥6 {5 RHRAERF tfavfes %IEWF OBPRAAS Birfage éhe rgﬁ?ﬁS?SrﬂO@ g%fsé ina

35*9%‘ ST B e SO Bort Rty bR A hence

tdoadwsive bhmpapthesi orecoafigimtion aﬁhe boimiped senieoridaper dle. Such
havi ng a thi ckness, which may be used to. provide and
GRS IRE TEFaST BRETSTBREBERIAC B GeIpls Aeiteiq pRdDuble Tow center

[
HRUBEE At dfop, B ESRSEBo RS OO Eortih &2 o SR8 bond pad
acotifipiaioposer substrate as well as facilitating

rework, In addition, the adhesive el enent assists to

r esol vAn adhssive glemeghimax be Aptiaselly disposedibgiveen de ggmiconductor die
Thtaantee) R AR USR8 A0 By PRI

t tvadditvedaaips @hd terminatsSorittaces. ThetadResivd ﬂérﬁ&ﬁt @iiay comprise a tape
substrate during subsequent handling, fabricatiaon
shavig aihirknessnwhish myub@r\lw} t9rhreyide am%%OaxtnObﬁ vergical standoff

at%?&z@e% the active surface and the interposer substrate and to increase compliancy of the

o

attachment of the semiconductor die and interposer substrate as well as facilitating
rework. In addition, the adhesive element assists to resolve minor variances in vertical
travel of die pick-and-place equipment used to place a semiconductor die on the
interposer substrate, and helps maintain the die securely in position on the interposer
substrate during subsequent handling, fabrication steps and transportation from one

location to another.
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-5 The flip chip sem conductor device assenbly is
assenbl ed so that the conductive bunps on the

sem conductor die are disposed in the recesses forned
in the interposer substrate, the recesses being sized
and configured to receive and _the bunps on the bunped
seni conductor die so that they are submerged within

the r t e acti of )

L he {908 AT R lep b BSRBE fFe et
dunfpaoe tief seitieonductbLdie @Bedissd4bs il Rk LecRE¥e® foMes Iih {n8nterposer
recesses open. Thus, there is a reduction in the

subsiwte, He rwf‘ésqmbﬁplgcsmeé agé mmfmmaccmmdehemnmmhe

f ntio i nt er.poser : ed flip chj

SRl K Sy R B oo o STBROBR Bt rBisyiefan extent
hhatpise active Burfack BE tHe@eRSRTuct¥ Ui thagls it%ctf}piga{ﬂgﬁk})le surfface of the
conductive bunps on the sem conducfor dieto

IIWF@@FCT§PQ%T afenty wduabtbe tecesses epwinl lTihyls wherb e reduction in the

| the fl
CRRBEEENE Bt e ShieBatnebE e RrsepofiseE ety Pt
neethob&@rbased fip V<ﬂ1ﬂ’ﬁ%§§hbhds Ql'h@ W fhe Aspb8Bors §MThE WBHML 0L bumps

die. Even if an adhesive elenent using a tape Is
Srifinihedecessenewhish dllows for thregpductivg bsitrips lon e semiconductor die to

ST IR s b PG e dbuk S S g st Bebe o depth of

tpRip ch staficafINEidE HéME Qgém@y%ﬂleggollaméﬁﬁg nEdd ft)pgthlrd metal
conductive termnals at the bottons e recesse

gropteranghp i?ﬂjnlt:@@ubtmﬁsi Evenr ifrag adllmntﬂ:wlmﬁent ukihg asapells employed,

of .t he term na t her mal
Rl Py oecbelie By reFcRanai b s
it ﬁﬁwsrﬁaepml&meﬁnm?mvidédﬁog e. dependi ng upon
the bunp material selected rthe a conductive
past e The condustive bumpoiniayl be boutledtto e coatwutiva lterfiityalst the bottoms

2 he h h
og ﬂ'be r%%e%gﬁ% rgﬂ](téw% Srm?slr, ﬁy\érmlr},get:l}g gélggs ru?t?fsgrsl’l?:%ogcrhlng rof the

h‘%)% '?@ﬂie\fﬁjnﬂnal? YhBhal Sorhi¥essidH BBndfn ltl?eelgulﬁéé t{)% e?éﬁ‘ﬁmals or

i sposed In the recesses prior t
sbefmtlmlj iredhoiques Iiosvnamtthe mnelepmMgumrthsbnhﬁp frdteial Sdlected.

FBfa Ebndish fo Bt orpthwonsslid Zé'y%ssavb%%‘é’éﬁ&%s&ﬁé&ob&ed on
qhd BUmp U GhtHiR %e‘%@esé%%rﬁ? tPdik O&ﬂﬁ‘% tﬁ%fnﬂaé!] thg} e @€l

substrate and attach eret TR
eﬁdtmatwn@ birepy inithaformoufselkier bailsmedy tatdisposyd ﬁ&hm&ses prior to

e B o S L e e
Qﬁ’é’fﬂ%’l‘%ﬁ&ﬁbuﬁlﬂgdp@%ﬁe@ Ma 8%%1545% iR %e%g&aés O on the bumps,

sem conductor di e and I nterposer substrate

\after wljlcb mhrﬁpdls lmaysbe aligeabwithl detihtrpee subardé dddyattached thereto. In
osi ng, adjacent surfaces of the

S2Hidh o BrtieBrina piecalgl ‘?W%‘iﬁ?%@liabsl%b@‘We Cezondstie pumps

?ﬂ? gﬁ}g%ge@gﬁ%st lglgl{srgzp{lorp %lfd%%ﬁﬁﬁ'&fg%%gaéenn | g}ag be used i fgmpensate

ter anysed-doplaaarity bemmdutmmmccaﬁiuaoheﬂeglh& iteipbse? lshi®¥irate due to
and EEX al so hel p conpensate for any

varied bump sizes, recess depths and planarity variafion in the opposing, adjacent
surfaces of the semiconductor die and interposer substrate. As noted, an adhesive
clement on the surface of the interposer substrate facing the semiconductor die may be

used in some embodiments as a height controller and may also help compensate for any
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-6 irregularities in the coplanarity between the

sem conductor die and the interposer substrate. The
sem conduct or devi ce assenbly of the present invention
may al so be configured with one or nore openings

ext endi ng through the |nterposgr Substrate at a 5

| ocati on or Iocatlons fromthe surface facing away

BEBHAEHEt b e B o r S EBLhF AL BB A Fint Hhoser

Sustrhgel € recesses in the i nterposer substrate. This
configuration facilitates dispensing of dielectric
fi || eThersereicomducton devighassereblyé themesnt myentiongsayi Aisabe

the. recesses and around the b S openi n
sﬁéfrauﬁe&swmmo%r o SPa b Y i tne i Sbstrate at a
&leaéatfe)ﬂs Bomlffle SEERE TR PNy CROR HhSRnHaRRubSE 4R S

conéuct ive pad or term nal portions of conductive
pravidescomh@ricitiog batyees she dre ar @xes spehings toeychonditipe ingliple

sl ots over .or |laterall fset from recesses a
rffve&ssﬁwﬁP SReTPEFET SRsTIatG: IS cgﬁ’ég?rﬁtl%?faglgtatesahsgﬁw f dielectric
?ﬁ’i@p J\’J?h ng trQPérﬁf%ssth)tthe tdRedsB€arld zfréﬁndqﬁgbumps
secon | nst I el €ctr er material may be

| Ther apdtim@cbr dper&ngsl wiay e substhetialyeessakent with tghvonfigurgagsof
bet ween t he sides of the 15 conduct ive trace ext eﬂ%ﬁ1 ng .
EYEPseR cqr%%?sgaawae%@ PEAPHE P 6F termunal RRHERS Qffopductive
?1‘%: Cxtindl Qﬁfé re%e@sédhﬁ nlla?ctoﬁ{ém%@ SibREr oﬂ?t%{aﬁr’lgltorffs& from

[ er mat | e Introduced Into the slots’to
ttheneedssesadndria chrymmhﬁsla‘eérr therewithparidié offect e sids of dagh rdvess, being
if a vertjcal ndof f i s .enpl oyed bet

ioReR KBS slot.dn Gsetif I3t and seepndrastances, @bﬁ%mﬁﬁerdpgtenal may be
ght§+(ﬁ;]?éé H&ecftlk{ dltg the f&és@és tﬁ}roggﬁﬁhe%gé Bét(’vggtyﬁl%@ufeg Bpﬂﬁgh

or ot'her openi ng I nterposer
Siohdddtiat erace e;tdeﬁdmg bt/afeablegaoess amid th@pe@iﬁry:aﬁﬁe tedess wall

flow therefrominto the recesses . through the npuths

eiAcewithe Byesn I hedatterRstanserdipieetsic fler TRieral gy be introduced into

JREIbRfo A0 o0 s PRETS S  rORE RIS o
tdﬁ@loﬁﬂeﬁﬁmenlthwmtﬁrpdsm subbtedta aid ﬁiehﬁ!mﬁi@hdlmt@&he dielectric filler
underfill integri t% whi | e decreasi ng process_tine. The

fiatprielngy bedpiredingd Srevehareypicy ofhes epglige Broyghdhe mbarperer
d&%&&ﬁ% er}hg?é(ntaj on %? tHe %!i Bgﬁ § P(J H(F\{' %ﬂao%ﬁ ﬁe}go ﬁ{er}gﬁeesses

I'screte ex erna conductrve e enents a tot

ciafdigh thewtotbtha frgeof dvem tindginf dodiiiiticatioarwitinthk spenigg, and to the
the surface of the interposer substrate facin

away
f pesiphen@f Sherservenadustor dig(id desred) thraughdhestandodh: nHys aspect of the

£ é%ﬁglhg%ﬁgt n%{llgsg%ﬁ liycg}glgré%gﬁk@e\(‘ﬁl? Hﬁ?ﬁdéﬂ&lﬁﬁg? Pe%?lhgb%%ess time.

pac kagrﬁtgﬂl?tﬂhtp Sefnicondactot @é’wé‘dﬂ%dnlﬂﬂy of thk Presetdnixntion infay also
the form rinted circuit 30 board. The

siagiude pelderbails ar ether disgrete extepnat poslusiéy deypente atgached to the
ggo\ﬁgu(gnvestfc’a%n;oe)&en% Er(%‘l t%% tegmngl% rotve]?l!hl ¥ur?&%%@ﬁﬁ:leﬁ{ gg)tser

&1'6¢t psul i"on mater
exdae#e facing away from the semiconductor die. The discrete external conductive

elements are employed to interconnect the semiconductor device assembly with higher
level packaging such as a carrier substrate, for example, in the form of a printed circuit
board. The semiconductor die of the flip chip semiconductor device assembly may fully

or partially encapsulated by a dielectric encapsulation material or may be left exposed.
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-7 I'n anot her aspect of the present invention, a heat
transfer elenent may be included with the flip chip
sem conduct or device assenbly. In particular, the heat
transfer element nmay be included on the surface of the
i nterposer substrate facing the_ sem conductor die,
the active surface of the sem conductor die, or the

{r ans Pl sult BB HANB0n. 1 FHERy R Rie may be

tiedhipded atith te @ip EHip s@ﬁﬁ:@ﬁmicyor@evme bdse@Bl 3ﬁ Qn PERIEIAE, the heat
thermal fatigue. The flip chip sem conductor device

sandptlgmertt maydeincluded ththﬁﬁyrfaqcv(g)lf thedntgrposer substrate facing the
YOGGR c'tI radtl e({ihe ac gngg glll’]rgai'cl%:o g}eesemg‘rong&f 419, or¥he back side of the

encapsu ’sem

Sﬁﬁﬁ:@ﬁ&ﬂo@dr@ﬁ’e SQUthHRACkEsRF elirnt iy B&Esel M ﬁfv%? $te operating
substrate of the Er esent invention may al so

Aerapsygineecpithe assem lpllas mlllasyo pfeverd thermabifat g d| ce at a

waf er 9r ~par.t.i al evel waf er or

parti Pty e S?{HCSE&%@O@G&CE Paﬁew{ro@ %ftﬁ‘%wg%w maigelude an
%ﬁ&i&ﬁﬁﬂ’d{é‘d SmidbricRiciod dRYL h padtialy El?&?sulﬁ@d\@bn{@orﬂiuctor die, or a fully
|'i ke-sized interposer substrate wi bunps on
wmﬁﬁ$mwkdsanwpamKMHﬂh¢ subnerged in recesses forned

inth |nter oser Filler.material

s portB PSR SO SR R Pintnt iy ST b aiap be assembled with a

pulality AF SemidbidtictoMlicehit b h@afé‘i@fr Phrtid] whfdf fe'vgl g@flfz{ }V?’fég or

|nterposer substrate may be diced into In

dwitial wefer owhuling opluraligy of:mlsmbmd:d seﬁsconﬁnaapdmda ﬁ;tatuached face
artl at t he waf er IeveI

TS AR et Hterbst SPtraR 3t Pl it bamiage o prigial wafer

sk Mgl 7 re%%s%ﬁﬂéﬂ:ﬁﬂﬁe e??&i%l‘ klﬁﬁ tgh il 1ep b2kt filay be

substrate may be fabricated froma eX|b e mater i al

|dmplem¢d throngh @enirgsn Hledntippbacubstateyafireshich the wafer or partial

E&ductlve nmenber, an adE%&PGi on the flexihle

?ré'aélfi Illiltgrpo%ﬁﬂgs}ramayé inte indrvidiad flin ¢hip semiconductor
QAR GlskB1i6E rﬁ%ﬁ:ﬁ s&%ﬂﬁa al?%vﬁ gtﬁﬁh@d £GL4st ﬁe%lﬂgﬁgg%tl {m{"er level

conprise a pol y| overlies
rad Icomplehedt Helesitadd alﬂetrlbﬁmg dimdtiato 1hd11erdableitemﬂ@mdu8ibﬁassemblies.

condu ve nenber rlsesﬁ§ pattern of conductive
T1

traces Fdt ﬁ‘é’&s%)ﬁu@( gy edifrem; a/exibly aratertal inclugling a
%xﬁﬁ‘@dJeie@?ﬂc% %F&fd& J?ﬁémﬁér &Pa es@% of! [ﬂerﬁéxr}ge dielectric

traces on the e ectric’ ne
cweroher ahd @ soldér: mﬂ'slmr thedendutiye benthet. aI’l%ﬂie)ﬂlblethectnc member
i nt ended. Iocafl ons .of the_.recesses to define pads for

Y Gograris 3 pelyinidlg 1ayee whichverlios therel dceﬁ@“raélf FV theconductive
SRR Sk r R B2 GF e 2h (ﬁﬁ’:ﬁ@@ ﬂxeﬂi}l)%f: & nﬁr?sres o 1ctn C con%fuf:tlve

ext ernal conductive e enments thereo ron

hragbmforlhai/bjr etphiak afja bondutiee layeaafisdythy flegiblfedise¢iric member
&)g] h.the flexible dielectric nenber fromthe
REBtRG Kaces on ey Hexyblsid teéecweme@heruesmgﬁ@nm@rlnwrace ends

%{5 telnfglrl]ar e?%! %@gggiwc%ﬁ({]ﬁ o?ﬁhegrggs]e&ge]:ssqg Q? ne dpat f(g the terminals
taad hentedceo éxtandthorbfiotn toeentdr geebuaiitipdds sized and placed for formation of
external conductive elements thereon for connection to higher level packaging. The
recesses may be formed through the flexible dielectric member from the surface thereof
opposite the conductive member by etching, mechanical drilling or punching or laser

ablation, wherein each of the recesses extend to a terminal of a conductive trace and is

sized and configured to receive a conductive bump of the semiconductor die. The
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sized and configured to receive a conductive bunp of
the sem conductor die. The -8 flexible dielectric
menber may al so optionally include another patterned
conductive |ayer thereon over the surface of the
flexible dielectric nmenber to %ace the sem conductor
die. The inter poser substrate of the present i nventi on

.. al of . oth i.nt.erposer subs
oM et Gg il mog i odfhpal i Rl iouie Beleedbd conductive
G fheicBn BvanHe SRERELE e flcRibl@ielebRlc ASASE ko Rl e
present invention, the flip chip sem conductor device
asviwnbductar sligrolinet igterpasersubstrateidt the peasehtiimveation mayaksp be formed
or, u stem In the ut er em .t .
aF plhs BBt EF Bttty «C Ml dented W st (RS dgminate
ARy t&emydi ch el ectrically communicates with an input
devi ce and an out put device. 10 OGther features and
adv anﬂmgmherfaspd@taoﬁlhe penentiimweation, dine flipl dhifbserdoenductor device
a nt to those.of. skill in the art through a
At motieddp at"l‘F&“%E%F‘HQaB%E‘FF‘p‘? T BfPMRUHE system. In the
26! H@?{él%leﬂg {6 AW efe@ﬁc@l&ﬁ&{hﬂ@&e& {Pd P cesBR delice which
DESCRI PTI ON"OF THE DRAW NGS t he speC| fication
ctactrically somintihicetes with apanput deviee dnd pooutputrlgvioett and

di sting clalm that h is regarded
pres eg? B?l)r/fﬁaéﬂ‘teﬁ %t%Mﬁﬁ%%¥%fnvﬁﬁﬁl® Wﬁﬁbﬁ‘éﬂ@i"* @pparent to
TRee B SBAGE HeHr B ﬁgagbm&rst@dd GhOhsd Q{C &@ﬁgﬂ, e

the invention when I n conjunction

accongagingrigawingswmbthe apgeaded ¢lainksl G | is a sinplified
top view of an interposer substrate having recesses
therein 20 in a center row configuration according to

the present i n‘B‘?{IEFQﬁESﬁI@TId)ng)F sHJ%l%!gw%% bott om

vi ew of anoth r a
cent erWhibewthespédificatiat icomclhades avithi digms pattivalaplyeeanting out and

2 [if I
\;{1 %&}2{1% g]gnglg?b?é V\{l‘ﬁll(ﬁ)elg Qg’glaJ:'H%Fl :aggith%gprgsregqslavgrgfo;llsglg %dvasfllta(jggs of this

I
B b 5A05PERS 0l B RO IA O o e
sulestijuadtnavich thermetdishngingldeawingg whesgses the r e| n

according to the present invention; FIGS. 5A -
i |1 usthlGe & l%ﬁm@ﬁeﬁi HRPYipH 96 AN HNRFBRPSCREWDSHAS havwsfmﬁﬁes therein

h t
h sisheSt At o BEAATGR oLl o BE BRI dRhT P 00T
mount i F1G. aAde singdifidd dbem dietv Papethd irlerpbsek Sutdirate design for a

i nterposer substrate in a flip chip type sem conduct or
LSRR cofiggrationgeeqsding e themeesenk inyenfiont i on;

FIG. 2 is a simplified cross-sectional side view taken along line 2 in FIG. 1;

FIG. 3 is a simplified cross-sectional side view take along line 3 in FIG. 1;

FIGS. 4A - 4C illustrate an interposer substrate and a method of forming recesses
therein according to the present invention;

FIGS. 5A — 5D illustrate another interposer substrate and a method of forming
recesses therein according to the present invention;

FIGS. 6A - 6B illustrate a first method of mounting a semiconductor die face
down to an interposer substrate in a flip chip type semiconductor assembly according to

the present invention;
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-9 FIGS. 7A - 7B illustrate a second nethod of
mounting a sem conductor die face down to an

i nt erposer substrate in a flip chip sem conduct or

devi ce assenbly according to the present invention;
FIGS. 8A - 8Dillustrate a thirgd method of nmounting a
sem conductor die face 5 down to an interposer

subst g%g 1. QBf lhﬁra?éqé ?ecﬁr?ﬂn%ﬁ{(])gu L @g/ I C%n%grg%ngr Yie face

accor resent | nVen
ldoivsmstb laahlﬁe@om eulm&hteqﬁ atflip chipi séﬂldéﬁﬂlﬁt@& RbvicBassRbRYaRording
conductor die face down to an interposer substrate
T%f Bresept WKEHIo®e i conduct or devi ce assenbly
accor $18g. 48 - bPAIRLESED #hn}d]”ﬁ{éatﬂ{%Sf;@Pixﬁing'rﬁ%ggé%ngﬂctor die face

il lustrates dispensing

@joe/mi ta gn iinterposdr @ﬁlﬁ@trﬁtbﬁﬁ fa ng dRipIEAI@nHctér dehvicR aSdatibly according
seni conduct or devi ce asse according to the present

it therressat ingertion; recesses ther ein; Fl G 11

|IIust e§A elGa n.as 1 con iein

fli CFEGE é’%e%%cgﬁlg i% gg“e tggg l§9d @‘%’Pflﬁ%ﬁl ng
tsbmlcfohdlﬁbt@l’fdl@ fRedbea 'f@ bh‘) Ilﬁé @&Y k@RtratbIn ﬂfﬂﬁ? &b ¥emiconductor
according to the present |nvent| on to another

Slgwise pesembly accardingde thepresent Fiventid i | | ustrates a

Cross C Vi ew chi p sem conduct or

devi ceﬁéaisdsglr%r%{mtes %@i’ ?ﬁlalinﬁd-ﬁ]ifr ﬂ’@gﬁn ﬁhﬁ?’@ﬁéiﬂ OBFRUA Ht an nterposer
30bAratk G flip chﬁ'ﬁeﬁﬁ@)‘hﬂﬁétoi dléﬂ()?&tds&!ihbl h(%l’dl&%@ the fn?é@ent
illustrate a nmethod of assenbling the fl

deyantion suBHt secessge therainassenbl y according to the

n at a fer | evel, wherein: . 13A
DT TGy T8 Beaduf g aossmacomlm?r ig i lipip
bhaohaaktd
gr esenteﬁ’(it nﬂeﬁ%ﬁygﬁ%ﬁjﬁﬁgaﬁ% i1 m&ﬁﬁ“&t" ‘?JWCG

as3esiie accoedieg e presert freventior terarmthl:k sulistrhtervirosodder balls;
ified.top view

substr, 14 || ustr.at a sinp

of an Pﬁﬁt % B%'Gg?t%‘b ed %ﬁcgo‘i‘?j\ﬂdﬁ@’ ley e{E%Q@é‘énn sfariepndurter device
e A T

VI ew dGSEnl3At ¢3B ddstrawuiatthed of fasbigng the Ajsettp semlconductor

n r confl uration according to
g‘rs?g ﬁ?sei“ﬁ ?@P&S‘HP |t% ProRen N GaRGA dovalpiceY ‘Vh‘?fﬁlg FlG. 134
glslglsé%bﬂal% mlf‘ﬂgf:@n@%vﬁne f)lll(ll)'lrﬁ% ?Qig aitﬁcgf%g 2(?}1 %ﬁ%gg&% Hﬁe(:ﬂ)oser substrate

aﬂf dhet presentipeventom; it Rt 13B iflratdsnhewpfes attachedfice db®n to the

arr ed in eri pheral configuration according
?rrFé?a r"gtglépr‘? ersabsp Yaffention; FIG 17 is a sinplified

b| ock Ay amsRited HEinfdiinRd @J}J Aelv P bn %%S&? Ittt having
recesses therein in an I-shaped configuration according to the present invention;

FIG. 15 illustrates a simplified top view of an interposer substrate having
recesses therein in a peripheral configuration according to the present invention;

FIG. 16 illustrates underfilling and encapsulating a flip chip type semiconductor
assembly wherein the bumps on the semiconductor die and the recesses formed in the
interposer substrate are arranged in a peripheral configuration according to the present
invention;

FIG. 17 is a simplified block diagram of the flip chip type semiconductor

assembly of the present invention integrated in a computer system;
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assenbly of the present invention integrated in a
conputer systemy -10 FIG 18 depicts an approach to
i mpl enentation of the present invention using a
non-flow dielectric filler material placenent; and
FIGS. 19 through 21 depict exq%plary mul tiple

sem conductor die, folded interposer substrate

enbodj s, of the present. invention. BEST R ..
VODES I SR RAPBLIF R BRI Of AR ALy € wing a
hbe fIBwaRgBrik A6 thhteRalWladendet; hed ei naf ter descri bed

wth reference to the acconpanying drawings. It would

be unBEIStl§dbiroupa?] tiemsteexiemiplasy mattipbhssnzeanduotor dig, fodded
t aken as ,actual .vi.ews of_.any specific apparatus or
HUTIRERT YO pbRgERGnsief R BERET SWTBRR ar e nrer el y
exenpl ary, idealized representations enployed to nore

clearly and fully depict the present invention than
m ght BESEM®BE QR MOBESHAR CARRYINGH U T THEINSMHENEION

and features co n between the i ngs figure )
et eo TR ares o epbih wHILEY beteneit e del Ehed miths

. |t _ . o . _
T s o ol ok 09885 DB B
facet nat &d be fakert achctua) viaws lo€ anypipecifichapparatue pr miafhotl ofithe present

i.nclude a dielectric substrate nenber 111 and a
BPGRLER. DL a1e Sheiely eReRRlan iloalitrd TR P LTPRS Silged toapge clearly

IRARALY deplct th AehiaRiod thid Bienp HhERAS Yelpostiblel Miditionally,
i nter oggf g&%%?rate ﬂ°1o and%Phe sol der ngsk 118 ﬁg§m Y
cEmanes adSeaaes caumba betwickd thef dravmgs figereposan the same numerical
substrate I 10. 20 The interposer substrate | 10 may
SIERAPBA from any known substrate material and is
pr ef erggél in®li {evPSPMPhRpRer duB¥tdd €10, Th
Ianing?@dyS%ﬁggggnﬁéﬂk%%?€?%g3éwfayer, gﬁcﬁ gg UPI LEX, ©
pntechos@dubgtratdEl Ol i grefermblgsbut tndt limited wny flekiber substrate, which may
pol ymer-type | ayer. The_ interpqser substrate 110 rmy
ndlidepdilsacicsnbeais BRabe Hil gad preisste splogtryios §ion, The
Dot el o YRP iy HRER AR LK 1 P2 L o
Aubsifate hi 4nd thérsolgeranaitl 1B mugrdetinga sédoad urfre 134 of thednterposer
112 of interposer substrate |I 10 includes nmultiple
reb#edellGr vias 120 forned therein and having nout hs

120m ' ' | )
2 pr oot P AL BAROL L iy L B3R BB e Sl Hrateral
and\vs pefetaly éaniled iofidyusksy of exanpleci flexibledaimmated@olymer or
termnal 122 at a_bottom thereof The conductive pads
Jolyigyids lagrgsusch as FPELEX, produced by Ube Industries Ltd., or any other

polymer-type layer. The interposer substrate 110 may also be made of a bismaleimide

triazine (BT) resin, FR 4, FR 5 or any type of substantially non-flexible material, such
as a ceramic Or epoxy resin.

According to the present invention, the first surface 112 of interposer
substrate 110 includes multiple recesses or vias 120 formed therein and having
mouths 120m opening thereonto in a preselected pattern and of a predetermined size
and shape. The multiple recesses or vias 120 each include a conductive pad or
terminal 122 at a bottom thereof. The conductive pads or terminals 122 are
interconnected to other conductive pads 126 on a lower surface 114 of interposer

substrate 110. Such conductive pads 126 may be substantially directly below conductive
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i nterconnected to other conductive pads 126 on a | ower
surface 114 of interposer substrate |I 10. Such
conductive pads 126 nmay be substantially directly

bel ow conductive -11 pads or termnals 122 and nerely
conprise an opposing surface tpgreof or, nore
typically, the conductive pads 126 nay be pl aced at

' ' ' 1 I ffset d
i e A ol b it L 01

trypicallyaths cadiictinelpads! 126 nidyta! glaced av@ivus grddbefiined Méations
?ondﬂ§t%ve traces 124 (shown in FIG 1 in broken 5

3t7raly otfsd andgmeqtp frony @ég&%ﬁia@;}@oa@l@tw@pg@dnitmw 122 and
B R MR B RS 2t PSR AP Rl ToR vihen

dimts)ve surface of a sem conductor die intended to be
attached thereto. For exanple, FIG 1 depicts the
mul t i gie mitRls secesses 20 prefomeaskinahd integpasgnadstrate il i a

' ' ' Nt erposer substrate 11Q. Such,.
AU SO EN) Orlrl SOREREL s PMIRAIS ffon S Sve
burfpebfasentonditédic ditehdeavs PeattacRENheR. YEdlek S, FIG. 1
single row bond pad configuration which will be nhore

dgpicts the mykiipleresesserel20n asentraiyralignet, singlestowempn figuration in

| i,ncl ud | - sh d
PRESLA Sube 0 Roh SRR oy o trmeingiond aadido o
baniped sengitoriictor-liehaling a cBRKEY ﬁﬁgneﬁ,hﬁnglﬁ gﬁ@ﬁ&nd pad configuration

invention may be adapted to any recess
vaneh will ke mere by ifbustratediheteaiera Gthgrareseleated pattetes; ibyerhy of

' ion., | ddi ti an, [ tipls
SRS BB s
2BnBgitatich (FIGED) aRawdvaf, tRkesdnt five@ion IﬁQ}dbé@drégBe?ﬁé ng}ferecess

tapered side malis so that the openings or
cpeligweticstegnatclowith @ any pawsiculah desitdddond pad nenfigueatioaf In

T e RN .
e¥dt@aipalldr ied el ANthd by FRRIGE ,eréd%ﬁdee\g?ﬁl%%qgatqg@%ﬁeh%s or

of conductive traces 124 to dielectric substrat
meqHbls ofthd recersauil A dre Bargadisanche bettorsitiereof22 may
conpl recesses 120 or

1 h tt ,
ops cab b GNEvd I RIRD BT oo s catead ud reamses 120
aihd ity JpAbAARTe HAIRAELS Bnd. 1dcsHER Sorl drhafi{e MARLSHSE BRductive

one or "both'sides of cdnductive pads or term S

1ges 124 t dixl¢atde substrate ntenebec dhHuCondoeti25pads ae esminadi 142 may
na far exanpl Co i se copper or a_copper._ all oy,
Fayielstly sRErdhe BaHOREF eereret 2 o 818gisiad & RiShteriaybe

Watrb &r thad réR8del 1267 the 95tton'1:ﬁh§rebf‘%8hﬂgf %a gabe lEn{?alieﬁne:(%n one or
ot her substrate materials, using adhesi &s as Knowa i A

tbieth sides oficandustize padstaamaresnals h22. Aminepliedlabode, thesconductive
gonduc Lye traces may be adhesively lamnated to the

65T PRHE PR MR8 YPPRSSORBYI Y 2FePRASHPY, mayebe adhered to
ith&gieRciRRUbABI BB AP KK )é’l'frggiﬁeﬂ{ Wo?,rﬁl{ B %aminate material,

or other substrate materials, using adhesives as known in the art. In some instances, the
material of the conductive traces may be adhesively laminated to the substrate in the
form of a conductive sheet, the traces then being subtractively formed from the
conductive sheet, as by etching.

Further, interposer substrate 110 may also include an opening 130 (shown in

broken lines in FIG. 1) formed in thereacross, the opening 130 substantially extending
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30 conductive sheet, as by etching. Further,

i nterposer substrate 110 may al so include an opening
130 (shown in broken lines in FIG 1) forned in

t hereacross, the opening 130 substantially extending
-12 along a | ongi tudi nal ext ent, | of the centrally
allgned single row configuration of the nultiple

e MR R LT A T ERE
ﬁﬁﬂﬁﬂlb fdcefbs B EE6RI0NE end UPRidRdser SMSPRAE 113 the BthefBY

as shown by the broken lead |ine fromreference
Qpeeing|130 301y|bn fein@d whadkydn theenatsnaircrf Ideqheoltmcmlbstmt@l mepber 111,

br oken | fron1r ere neral F

B hnsEown by D trbpen € S Srietg) 1 EfG and the
BBokeR FinE Qs e BRKEA ﬁ:lah Yint Brofi I%fe%ﬁcé hﬁm@ﬁﬂﬁf inlHE. 36k formed
partially sol der nask 118, as desired. Opening 130

ey derfroasirg d 8.1 Of ccariegopealingni Oangy lmﬁohoytbplartlébemshelecmc

Wﬂ%&%&iﬁ cg@agmﬂ}ygsoadﬁ mag]f %?8 qu ggﬁp Ber(g‘%em 13 er%atly e formed to

I 015l
SIRSEREEh eyl el Al panLl | OB ) 6 e

skhgilmtucq)eﬂmg 13@,&"(1@ 3 dgpretsta ctG2- seeﬂdneh‘dcwgabatakmgﬂines 2-2in
ﬁ’igaLgég il ugglat\éh g{lﬁ%{nﬁg%gs T 1%1&:% 28&%0 o ?tserz%?rzerrrluéslsl%lg ?ﬂﬁh segment 132
i, b@#\&@ﬂ %B%?@ﬁﬁevﬁtlalor@@égbé%g 2630 tﬁe%ﬁtl?le?ﬁ%esses 120.

portio eac recesses 120; howeve
Sagtiren tachls8gmomtyl 32t ehnoviaerderis alqugsth«t aximelofenmg) 130 eo a side
openl 130 the recesses 120 in an tabl e

ot el o8 ESEETHET b2 0; hAweus ﬂaf'eiﬁgexeé&ﬁ i8R nay xtend and be

‘r{)%gl"i‘ibﬂé’d fr H@\A%?e‘h&@;lp'o% b x%& Les 1%‘?1? Qllln)le%ntgﬁlfe%ne{ R

ecesses e thense ves bet ween
fexameles ardlds depiotdd ifi [FéGi 1A eopeding|180 tiaycomprites slbtlhterally offset

whi ch term nate at opening 13Q in dielegtric
1o reesses hehhpihich e emﬁ%e%qegeéb%?&% ﬁ?ngﬁgmble

PR i IR B s o .
eshbancethddepiehtraaes] 220:xvénd tabrosoopgnény 189, d@Dsoldet mask 118 covers

underfilling purposes. To further illustrate opening
1%9 end-pastions ‘ih§f69P Banking opepingd3fand peayiding amenfieperg depth and

R el 120 o e e bR e 2120, i L., into

t he pI Pmﬁmh%r illhEtradé apénirgy KI0ePIG. 35y eh:r@pemtmallﬁaw itsken along
shown as having a lateral wdth snmaller than th

r]éft?éés?égf Higp 1. F¥et depicts prenige G rxtondipgsirestly o the recesses 120,
Sihﬁ)nc%xé ?inahg ofthe %Wh% %%et. giftéh%?glgiﬁgggg %pﬁhggg al ﬁ&\ﬁﬁgb lateral

€ recesses

CWﬂIﬂhJ ehalle tipmdBe ficedsey MM AbWeve? Ahabpdrings tay bypsivaf substahtially
of the recesses 120 i nterconnected througﬁ conductive

t eaable, avlaragr thancbetrirrel widthyeidBe 1epessex bk ddGaf alspdepicts
O\Qﬁ{lc f]\}é S[Iaﬁg Sr t%tlnzllm f f%g %t l!hg ﬁ)ﬂt@tﬁ%?%a&lu(;ﬁﬁé I%E%séslﬁo

roug
1nterconnected through conductlve traces 124 with conductive pads 126 exposed at the

lower surface 114 of the interposer substrate 110 through solder mask 118.

FIGS. 1 and 3 also depict an adhesive element 116 disposed on the first
surface 112 of the interposer substrate 110. Such adhesive element 116 is preferably
disposed on a portion of the first surface 112 of the interposer substrate 110 that is

adjacent but separated from each of the multiple recesses 120. The adhesive
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FIGS. 1 and 3 al so depict an adhesive el enent 116

di sposed on the first 30 surface 112 of the interposer
substrate 110. Such adhesive elenent 116 is preferably
di sposed on a portion of the first surface 112 of the

i nterposer substrate 110 that_j$_ adjacent but
separated from each of the nmultiple recesses 120. The
RABRAL YFs inad e EhPIRAbIhAR R4 W Kl ADNE A SR WY
naterla he art as an

2p63H, haryliQror otheesuitibid Abbgvaditesddtesivel él@méﬂrIQS |nY® comprise,
el enment 116 may conprise, wthout limtation,

pethephiimEationpa PB]é’Hmdﬁ@aRdeé@ﬁlg/@d}@ﬁVb o hothisites the:ﬁ@rfe*ofh the
t
%&eh Q?rfac%%&%%ﬁ%ﬁ‘o%n ‘ge %{;g?sélal%lﬁl{) ]&q Eelﬁ‘gf coveted with

Wpﬂbteétwe\teleﬁ@ l?&aﬁ anfileaoBEreHed fola RENGINERESr di iPrequired. Such
sem conductor die is required. Such adhesive el enent

Rdlbesive gheraens d 46 ls)fpref@m’olsn dut natAinited to,f aghaxamprend Sumthiskness.

, thi.ckness ribed n no e detail | at

A OOR Bore 448 BRETE Ry b ERag i berefiyed o fancion
Qs adpsRAB&vebEs %ﬁ@oﬂﬁmwﬂqﬁ&$os&| sﬁbﬁfb@e 1 10 B PPR3EE 2
substrate 110 to provide a vertical stand
tveeicebsandesiihercbeteeervont m@bnﬂrﬂéh@é@r@ofoﬁsmmﬂqouduomm bumps

FRRRBL E PR o ol 4C tepict &

procesgGEhaA tHrByY, %}b dgsiek 4 }fﬂ"bcésﬁ’ 5 By bBesdPRe §(§ﬁ§nglt%g Qecesses
in the upper surface 112 o |nterposer Ssubstrate

F1|2G1n thez @epn sirface hIQetbfrmmosemlbsttat@l H. 1HIG. #Aciepitisnigteaposer

t 111 hav hot
5 BT e 9 e o
ﬂﬁ}Q:'i‘ %eﬁ%n%%ﬁﬁée Bk f &ri’dga HrotB D& iR 118 formed oy the

conductive layer. The dielectric substrate nenbe
i ognfbucéWe ll'cht yTlm dlblewnblsebsmteenember 113 ms:bre&sah‘lh e ﬂex1ble material,

t I
Ry B BB e o b il L TR Rl ot e ol P v, b
sy zfl!;&?ﬁbfﬁh@ a FbRdrkidlly ndilfleRiBld Rk f40 @tg&ggobarfg,?lcgg@%#yg layer is

preferably copper, or” a copper a
guéfesblyecopbers br a capipley aldnya butohaylee anysuitibla klectficallyoaindactive

THGHS e B SRS e s
?({éggéeégrl%ggﬁdﬁiés pggsd(ﬁ' Ot«g;xﬁrggélg?fz Eﬂ(ﬁ:or?gl)ughvglbgﬁs | ngggﬁd.\{ﬁ Such

bontdetivedtaeds 124 nadyt bp/formexhblymmkmg hralyetching a bottom metal or alloy
aIt rnatlvelﬁrg he traces 124 % be_ fqrned. by

FPPARIIG 13ST P 2lterptisee itheetracsk 1 2bmap s ried by gtieg using
%hﬂ@ct@@ym} BRLERO Wit uglﬁg afly }negl@@ o&lﬁ?n he . Once the
conductive 'traces 124 are pafterne i ve

swindectiverrskes11D3 mpatbenddoﬂmqﬂotﬁ&ﬁefserdeﬂmﬁk 1 1% ﬁay B8formed
qu.cts dielectric substrate nenber 111 with one of
P¥esses 120 fornmed therein. Such recesses 120

may  DepriOURRApRY AALLUEE Wittt thihbd 179 wACHR B9 recesses 120

formed therein. Such recesses 120 may be formed by patterning, utilizing a chemical

wet etch or dry etch, mechanical drilling or punching, laser ablation, by any method
known in the art and suitable for use with the type of material employed for the
dielectric substrate member 111. The recesses 120 are preferably formed to expose
portions of one of the traces 124, such as conductive pads or terminals 122. Ata

bottom of each recess 120 and, for example, at the location of each conductive pad or
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wet etch or dry etch, nechanical drilling or punching,
| aser abl ation, by any nethod known in the art and
suitable for use with the type of naterial enployed
for the 30 dielectric substrate nmenber 111. The
recesses 120 are preferably fojyied to expose portions
of one of the traces 124, such as conductlve pads or

tt 120
T 38y i olon R WG oG Bl B St P i
tihAeddeoltenahe AdteriaPsiiictddbealg doaipatiBleiwith ﬂﬁ@'&:@ﬁdt@ﬁvéﬁﬁ){tenal of
be placed, such as gold or eutectic tin/lead solder,

tthﬁetrms 24 and wigh d@t@mp@@f A geroisapductdyldée to l:tehnathdawﬂh interposer

T I
icBARICAOS River BMRBEeat foried For exahiple, 4§ eléc{rHEEsr ﬁslﬁt%?g hb@Ever, such

the wal s of the recesses 120 may i ncl ude a
Phatiggds m/teedllalgeé foripractichef é@rprﬁssmrm&l@ntfoor Fettenpidss shywn in

TGS T A sy Vo il et PRl 2 ich taper to o
Eﬁfallaelfotﬁﬁﬁlﬁ% %@H\’Ehpleﬂn% fih{FBe cdbily @Pctéfusihg fs§§§ﬁ§ eltHng

e formed with | arge nout hs” 120m whi ch taper to
éﬁﬁkaprﬁﬂwanmzmbﬂtSuch tapering may be eaS|Iy

ff h hn . .
i ¢ nd 1651 SA Feopoed s ustiisn i e L e gdd deserbed in
FIOE! 84 -4 ITaimide Ricedsed1 A tﬂ@ﬁfé’f befei1M of fn@pos%ﬁu‘bstrate

4C of formng recesses 120 in the first surface
i 1r10,ewnib Q@raddumalrd‘taeollhemyenma;nmely o sexdiold bomluaﬂlvedﬁyer 125 as

th r e econ uctive | ayer 125
8W§ ﬁi&i@%ﬁ\ ﬁ‘@% %#‘délﬂﬁ CE‘EEE’H ]&gria BFth‘?rﬁlé‘YIaé%I?er Pbgopper
'aﬂo? SELbEPIYy Be HRPRAALIR I ERRABY corﬁhhﬁ% tha¥AAL,

be any SU|tab¥e el’ectrically conductive nater|a| gnd
rratterned $ithpeicesdapenting o tHemeedsandepguittregtsarf thdmrﬁmﬂm‘s

CERIIPENErPBE b bich dem Babes sy 110 oot e depicts
Ripfer Rd8G@Reyir lﬁlf)g?{egfe‘ar{g Qﬁds% Po ? bf c]‘l%ﬁc@i%ts{lﬁgtﬁréjrfxember

to expose port’ions ielectric su trate nenb

|1 IWvdrege thheeufeeseesl 2@ srctd be formetl andd eulfstnntmkliy etolikd back from the
subs&gﬂtlal _hedtgack fron1 Etended | at era

HBGAdeS lrteral Pu@ ek sge%mlwg A@ o FIG- pfCen ragess 120 is

Qhélﬁfb?ﬁéd efele E&@iﬁng Qfgﬁﬁg{rdtﬁmteﬂl%e A0 5? g cﬂﬁﬁfg?lo\{)ét etch or

substrate ne emcal wet’etc

dh’y eEhahechmmhbdrllhag odpurichlng@r tHSerm]ulmhmnb)omvei‘ aBeerrecess 120 may
recess, 120 nay

t ' 04:'&1 2%(3@5 %3{%5 h@mﬂm inthe prgang %u“éh]& vglm %lsarp@ of material
V\@Iﬁ o§éaefof ﬁfl@‘?nteltpoiﬁ;@gtsﬁl%n@i e 11%"73[21 ¥€&s§e§r12§ an %%Eﬁpg%ﬁged to

stTate 10. °T recesses 1 are pre
texpom(qnmdmctm padcoi teenipald $ 2D of the cohdetise fr2cts 0124 tdfier which
onductjve traces 1 after which 25 addltlona
319894 gpad Hﬁtvgﬁv%?naiww@ niacse everdlesxnosed rarers afithe conductive

g&?g Pgﬁngfng%sg?r&gggggﬁ éé\ﬁg(r)n g% ﬁéfegblgl%%@ees oérﬁgd Welectroless
epletiig @l the svalls of the recesses 120 so that such conductive layer 121 contacts a
portion of the conductive pads or terminals 122 of the exposed traces 124, as depicted in
FIG. 5D. As shown in FIGS. 5A through 5D in solid lines, solder mask 118 may
provide full coverage over the bottoms of conductive traces 124 or, as shown in broken

lines, may include an aperture or apertures therethrough, for example to provide an

opening 130, to expose the undersides of conductive traces 124 at the locations of
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plating on the walls of the recesses 120 so that such
conductive layer 121 contacts a portion of the
conductive pads or termnals 122 of the exposed traces
124, as depicted in FIG 5D. As shown in FIGS. 5A
through 5D in solid lines, SO|9§[ mask 118 may 30
provi de full coverage over the Dottons of conductive

4
e R R e R T
PRk 108 199é3np1@§&nfe@%séé3m0 Qi QRS rehiber Pﬂdﬁé ?h%@@d @itha
conductive traces 124 at the | ocations of

rr@ne‘s@&matzoalchefm Reldod mask applicony da dry cﬁlme mldnmdsk 118 is

%" <a%§ﬁkHﬁi%@%@gge%@@nﬁﬁﬁg;&p@%ﬁwﬁgmﬁ@ﬁéif 111 are
pl uggeaGR 641 - 8B Jeﬁfépé'i 1ﬁe87€1to§§ k&ioRRVRWR (ff%l fﬂ?ﬂ' mERSK of

application; if dry (film solder nask 118
enpindipe dnd bcnndmgnntmpqslexyswetrataﬂﬂ O &t ®stnticomdiuetoe diel‘llSO in a flip chip

3?%233“% é@v?ﬁﬂfaﬁfw%&ﬁ%ﬁ&ly 229 dﬁ@ Ctﬁeiflhgggt%];thee fdfbm fisrfacg 112 of
IRrpRSGAubdratd ] ﬁfeﬂ’i%%@([ arﬁijﬁéﬁl eﬁrﬁ&nﬂﬁct@r die 150 prior to the

sem conduct or di Oina f ipcC

sesenthinthersobr Sdamomhlcan‘slmrtﬂ(gancﬂﬁﬂes dﬁl e@tlvﬁﬁlrfdcb US2 amd £back side
the first surface 112 of int rpo ate_ 110

P P o R H95 S SUAH Eoid deR ales iRy of ook pads 158

tHagri s&fb| 0
an a%?élv e s l.llbryfcg)gg&c?igg bgn ggnl §€ hgbgl'l §e 1801%1?9g{] rta eq%6 and
1ond padeel58iaf sethioadudtoralis USGE aeef 2 pstlected d@ﬁ‘i@lration wherein the

beari ng el ectri cal

pLur al d pads 15
st UATp o SBEHER L0 S SFCHId GHRRRSKT@ pliagaond with the

Rrignd:
SO A OO GER gt A0 Bie
iso that ther pemetives cindignationd didhattems Sif Zezdssas t ot dogdiic&ﬁl/e

to correspond with the conflguratlon of the bond_pad
rlég e&ﬂﬁmwm ggessH caghpiben d%ﬁ:f’thQFVndi;@quGaSk 118

o R0 PP

Slob&hgﬂnmlaﬁlbé prdﬂdeﬂ&brdsﬂﬂ@&ﬁ)tt@i&ls efcdhdattivgg trachs isdi@difg the
oIder ng@ 118 may have an openi ng 130 defined
H%artlé?flﬁ? gassesr 1 208 Prsviusl wdasqribed yyifh regpegbto lﬂé?vé?k 5A through 5D.

COVEr a4 ﬁ@t¥ve%n§{sq\$hgfé%gﬂﬁfépct%ﬁ1gh§€ b@l?%}e%ro?ll ted to, conductive

conductive trace ncl udi n ocations O

rbatlegsikas d2Elannr B Mutstiyl desadidiod bitp 1 5EmAE Gichide, but is not
FI GS.. 5A through 5D. 20 Conductive bunps 156
preted tgpmy lﬁ’ﬁﬂ‘ﬁrsl“%ble Bistalnerealloys theraef.tsaeh aslead, tin, copper, silver

%gtifciéldégug@\% or%gg@dcltorgﬁlfedg{ Lpggcj:ry gﬂ? allsg b%o {npﬁ(feyre%aal%ltélaugh gold

taimd P&JISM sk]ﬂ@ﬂ\burﬁpﬁ drablhleerﬂ!@t@éﬁrr&i ‘Bhd enduéthenetips 158 @ty be of
ead, tin, copper, silver or gold. Conductive or

cBpR ChrEasteristica thyevghent or alpde) fooensmpens|coyeef a first material

S0 9 RO MR oo
Ltﬁatfeﬁﬁlﬁt}%hﬂiha Corbi@iveGunipd 186 ghdiitfefibly Rehbden tHeQktive

exanple, a core of a first materia
surface 152 of each semiconductor die 150 at a wafer level, but such is not required.

Conductive bumps 156 may be formed by metal evaporation, electroplating, stencil
printing, gold stud bumping by wire bonders, or any suitable method known in the art.
FIG. 6B depicts interposer substrate 110 mounted to semiconductor die 150 to

form flip chip semiconductor device assembly 160, wherein such assembly 160 provides
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(i ncl udi ng a nonconductive material) having one or
nore conductive |layers of other materials thereon.
Conductive bunps 156 are preferably formed on the
active surface 152 of each semi conductor die 150 at a
waf er |evel, but such is not required. Conductive
bunps 156 may be formed by netal evaporation,

BFEhIRLB B SE SO 1 0P B Bl Re
fdckss 125'0@1nt§§0§é@ Bhlsstiatel NDQMY efRIoe SHBShé 3éiRiuddd prds Bt ed
to sem conductor die 150 to formflip chip

mm@m the h!%tvm(cj@ caglseftbe WC&@@S 134k fe$1@hr$8@mhhy 160 may be
B eSS B RSP FRES e

SE¥skra&nQ0diThe coﬂcﬁl@ﬁ‘%sbﬁha psfs dnrth@f,@ﬁ@&{du%tw did Boandyl@en be
and engage with the conductive pads or termnals 122

hondeddo Bt qooduative padshordermings 1 3L g hegedesses 180 ofinterposer

SRR Mo Beor et prae o vine e pERb SR BY £ Ogpoldgrbumps) or
Icﬁltlﬁme $8p? 156! eﬁ&ﬁeaéaee Qndi8Re©P B&Hﬁkto‘x‘-&ili@ﬂ 'ﬁ@%'n-tkg Bumps) as

e sem conductor die 150 may then be bonde
ﬂchewn crnﬂila atti Vshegravethods afdondingksoviie in the att meayrusidized such as

0 of, h,[eﬁgqser substrate 110 by, for exanple,
ru qSBW’Hb ASOMPESSYSB: (i n the case of sol der bunps)

or cyiGeyA bep Ql'éﬂﬂéﬁsn]n%ﬁﬁéd E‘rotsshﬁacﬁ@@a@l3 v&ﬁvs@@@@@&nﬂ‘fﬁe’cﬁ’&d of

conductor-filled polynmer bunps) as known in the art.

@dvatingrendloatsling 1ntmpu$c1rg1bkthﬂ110 toa Semleunduntaydle 150 in a flip chip

utiliz ch as 1 r

oLt utEep assemply 100, FIG0LR it S stpurtace 12 0f

(iﬁt@ﬁ)%sér%ﬁﬁétl%@i 10lei%¥l€d @fthand e fRdh&RIneshdiktor ARUIB0IpHRr to the
bondi ng i nterposer substrate 110 to a

saesmdﬂm‘dlmrﬂ)ﬁr FI§i. § Alis Ginnitar do FIG. (6 Acini spbstsmeinlly emelvaespect, except

d 0. FIG 7Aill the fj t
36 yondn SR E Uit 15600 i emid et died 5D Sy A Corenvapaste 182

S SO RO P o A0 i

swingtsd 50 iirt laypoelefiopndesive paste 3L ety ddpbatmg;nhhpcnsmgor
bunps. 156 t he, sem conductor, die 150 carry. a
Whretiseit vesfn A AT WC&SH@&W%WB%&% The

%gd e &St Q%’fnq? thePflie! B iOHERNIRY éﬁ%cﬁg s{)/lla@r cHitREve

Into a poo condlctive paste 182
depprg ior angnordsd jpeceaduadive mataidh &nows & the arts fAsrshowg, sohder

conductive paste 182 to the conductive bunps 150
SO e 3. ¢pering b3 dkfinef degkdirough pr, Alermavely, ki sotder
! Ijnggktc%ger%ge m! gb@ ?fdv?deﬁ%tn%% the BRGNS b X&dugtﬁ’\@(ﬁ/aceé) indibing the
non-sol 1 d”con Ive material known in the art. As
slbcations sHiedesses 1Psds pidBoustyyddseriteedamithogesprchtyp HI&SO5A ‘through 5D.

defined there hrou h_or, alternatively, full solder
mask covesmged mek éBpﬂlsws@aseaé%%@tet HE ip gropgied tof

C&Hﬁ&ﬁﬁih&?&%&qgs Yo fdr&céeﬂ‘%o%gleléstc < et\)/ %%%e‘nﬁf‘f 186 whereln each of the

recesses as previous esriec
RonBuctbd bubrpeugh a&&ubstantlally inserted into corresponding recesses 120 of

interposer substrate 110 with the conductive paste 182 engaging with the conductive
pads or terminals 122 in each of the recesses 120. With this arrangement, the
conductive paste 182 provides contact with the conductive pads or terminals122 even if
some of the conductive bumps 156 are inconsistent in height, i.e., their free ends are

non-coplanar. Such conductive bumps 156 having the conductive paste provided
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25 As depicted in FIG 713, the interposer substrate
10 is nmounted to sem conductor die 150 to form

sem conduct or devi ce assenbly 160, wherein each of the
conductive bunps 156 are substantially inserted into
correspondi ng recesses 120 of nterposer substrate |
10 with the conductive paste 1é5 engaglng wWth the

122 h h
SROLHERY oo PSR B REMaBlad e rroes 120
pd $terpdSe? spbsidtediel® a@@eéve&tslwuésbhﬁéaqn a£406idadA Wah FRdS. 64 and 6B.
termnal s122 even if sone of the conductive bunps 156

are i fd9Rs$A+ Shxdeapiret pimplified crose-sectional views efia @rrdsnealml of

LT O
e adil chip {%ﬂé&eﬁ@@ﬂdﬁétbr\/&vﬂ,@%s&{blﬁ e661 Fied, %A]c?e&dtsnm%e'?ﬁoser

recesses i nt erposer substrate 110 as
sHesfasu b1 Qhayingor mbsdficondistive pasté 032 dispdsed-b @B a stAcihhso,
plLct sl

LT Ty e e .
honeh RErehd b? b @ﬂ%ﬁ‘dm§ Hﬁ%ﬂ)@ﬁi &4 AP 1t sttéhcﬁ 1869 ﬁ%e P ChRGuctive

die 15 In flip chip type sem conduct or Vi ce
d@été B2 ys cie@@suqdl lmeafgwofdh@recesses e rPeseancil 486 & thet ®moved
mass, of. conduc aste 182 di sposed

Sy CE e S5l RO T35 90 FerBis@ e St it the
GEEes QB0 6 tldletlﬁ'teﬁf%&?sﬁ@s?traiezpl 0, 398 rréﬁ&&fifﬁcftlt}v 8B pﬂﬁ&‘ﬁa&\%@y

is then spread by a spreadi ng nmenber 184 over t
s:pednqtllve page $82 mapbe tisposdrintocedesees 1p@vitholiBRirign stencil 186,

SREh, SR oEelisRisharod I RRGR et eral conduct i ve
bU mps Wah t@b&aﬁctﬁ%rﬂa&@ﬁgﬁ‘ﬁ{ e rgdegsse%?g(t) ff 1%@ Iag%lcts the

recesses 120 in the’ interposer su
de‘}gmolswubﬁrdﬁt 30 ®Buntéd toesennd:ondabtpr died60 dmfdrm%rrﬁmtlﬁctor

éf g E%’ &ﬁ ed, |nt8 ess s 120 wi thout usjng

ceise arsembly 10U, siharrin fashof f B ggtiva pumps 36 areapsiahtially

e e ST o

subsitatat K. 1AOpmevionslg dedonibedin EI(m dBCﬂﬂrcoﬂdlﬁtlﬂléﬁagt@l Szopirﬁvldes
devj ce assepbly 16 wher ei n each of

' du
TG T er BB g Rebeen 4he pend s § A i rasg ends and
1thé &ﬂdﬁl@n&@&ﬁ%&f&t 150%vBRFsEmt 3¢ t%e&ohﬁ?ct&% %Bﬁf)gg 581 A%consistent in

recesses 120 I nt erposer
pregghit,oles theidfrecerids ack nom-delplanar’ Blhe dehicumiddetot div e 5@ aslyhen be

%HP g%i el ectrical and nmechani cal
Q&L Hh nfsEPqsex shoetFate hE) popravigryy deseribed intasgaeiation with
tefll;lggc gﬂ%ﬂg ?IB:/ g%gﬁ%%ﬂ{i%%g? galé :ﬁﬁgegn]aglg\ﬁe Vi st!eBmP E%em%){ not be

irequiredtifithermdss eﬁccﬁrddstl\&r fasted’2 ¢odikposad andr iiﬁead into recesses 120
sen1conductor dj e 150 na then be bonded with the

i BTIOZ f isgsi tandhesivig %@erﬁ 0 oserslingt syefaes 1 e Mpigover, it will
IRIERLRiebie il B O eafRue tath i B digosein
lrecesses 120 and then reflowed and solidified prior to attachment of semiconductor
die 150 to interposer substrate 110 using a second reflow to provide an indefinite shelf
life for interposer substrate 110. Alternatively, semiconductor die 150 may be aligned
with interposer substrate 110 after conductive paste disposition and a single reflow
employed. FIG. 8D is an enlarged view of a single conductive bump 156 carried by a

semiconductor die 150 in initial contact with a mass of conductive paste 182 disposed in
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required if the mass of conductive paste 182, is

di sposed and spread into recesses 120 25 prior to

di sposition of an adhesive el enment 116 over first

surface 112. Mreover, it will be understood that
conductive paste 182, if eutectic solder, may be

di sposed |n recesses 120 and then reflomed and

SO|IdIf r to t of semc ctor

8P 2050 abidsBis Emfin A St SRS oo pad or
tRmB{aP Y2 16f AdbnidBetBicitiict e24hel f 1ife for interposer
substrate 110. Alternatively, sem conductor die 150

may bésal ﬂmglrm@ltem@tlw, anonmxc‘evgbmp 18Gi14e be usad cither ifopeperation

S SR e of BBy BN R R i BBl 0 may be
G GH bxP T HEERsskS @2@%6&@%15}}{1g%f cORdUCH OO PR LR kerhiils 120 with

150 in initial contact with a mass of conductive paste
a8ondlictiposeteriahsuch 8s a switabbsmetaR Such pliitimigangyrtiecctiesteder

bst 10 ct
sttty TS b b ftsied oot KaduSRBHaERL 5 755
feldctrbrRSs AhitRy B&h&éf&@&@&@%ﬂ ‘kﬁo\bh' ﬁpthé%ﬁ, to be used
either in cooperatlon wth or inlieu of a conductive

b u rrp F%Sdm r PBdepipt smphﬁqhdoes—mctldmaé vie56 qfiawabmt@f the above-

BT 1 PR b S e oty it fngand bonding

%E%hélsuﬁdéﬁh: A9 t8 a3l RRIE SRS 50 @'iﬁllipﬂ:hﬂ)t éeﬁﬂcdﬂaﬁctgﬁdevwe
effected electrolytically, using a bus'|ine connected

tassesddyn 1 @b ridiich tvasiant tis simélad @4he thirdogethed sxcdesoiitedsn FIGS. 8A - 8C

Iatln bot h technl ues b t he

R Btoviding St pinte 18 Srety 411 Pt Lo EikeptG Poyfiliie bumps

Clf56 %Ié’lﬁ{tiaﬁg}tuné’t{achaﬁtoatﬁ@ﬂ&d ﬂags 4S$6f ihe %&nfchhd&tdﬁﬁ@% As
onprising a fourth nethod preparing, nounting a

biepnttedgn F[(Eht%& pbsmndactb&xmmps 1560n the farns e_flbaﬂsnslmhtasymetal balls,

die 1 in a fI| sem conduct or devi c nbl
Btembsidgd s h foRa G yR pRria S B B o Bt R g0 the
dessids188 o e"ﬂl 0 %ubst&@: 19 ’lﬁfe%\f)h@ ?Q& ﬁ@qg%éeﬁﬁconductor

paste in eac t e recesses 120, ept
o tidE are al grhidrmi'h theés6ndirctive burhpsal 5@/1nu]mtebensb’ﬂekﬂ()tm theuaterposer
bond pads 158. of the m conduct.or d

B?te%b  4nokthey mvted ﬁ@r%ﬁa devirisd Hbﬁﬁ%‘g %fséﬁ?’ %bﬁh%onducﬂve
f el
OS82 508 o et E Py B Bl (R Bt Eoond Tl FPERLERANANR pads or
i tatndinale @22 pes ersﬁlastnaem} oohdudie-fillddexdpesier. Iswils als«abeunderstood
110. The, bond 158 in the sem conductor die 0
a0 appregiaied twttCHn Yelve Biant | 16 @y thepselyseeqmpris Soldex such as a
r
TR Y chflnlellfe b T PR ina B HENS Gl oo Qe
cohthict i ve 20 paste 182 may conprise a solder wettable

to both bgnd pads 158 and conductiyve
{or ni At & st aernative aad as p%w&?lyaemﬁeg pithiespegdo FIGS. 8A and

&Sdoffnctive bittp! 15815 Bi gged#gsl%ﬁ I?Q%’rrdu@{‘\‘?’e ﬁ%é ?§6 &8 by

at conductive bunps ves CO
S@lndﬁfndu@tbf: Bicads0anay be formed in each of recesses 120 through plating of

conductive pads or terminals 120 with a conductive material such as a suitable metal.

It will be well appreciated by one of ordinary skill in the art that, since the bumps
are bonded within the recesses 120 of the interposer substrate 110 itself, the height of
the flip chip semiconductor device assembly 160 is minimized. Therefore, conductive

bumps 156 may be formed larger in size than those of conventional flip chip assemblies



PbSn sol der, and conductive paste 182 elim nated or

al so conprising a conpatible solder. 25 As a further
alternative and as previously described with respect
to FIGS. 8A and 813, a conductive bunp 156 to be used
in lieu of a conductive bunmp 1 carried by

sem conductor die 150 may be Torned in each of

PR Saap ofevi wh R S ARER of e firihtsiconductor
it s8mPEL 1|%|b; rebiltivg i the Sachekst iPQRIREN 3he gle@B[an%glbéPifability and

ordi nary skKi in the art that, since the bunps
edomumdedf the itercotrvetiomdetsen the htapotehsutistrater 0 sad the

i A Teb R i
PRRRES &f ﬁlrl]ereﬂtrhqiiggfg'efgtfeclsgw Fhentm® {%fylfrlgg)ngﬁfiilg%ﬂﬂ Rhfi&nductor

in size than th onvent i ona
dsuieardsembly-bkPausk throconduciive dasipad 56 easilgshde indo their respective

.~ decreasi.ng, the height of the f]ip chip sem conductor
geyPPending Ep6RSys 1@),% qSUTGPEOREY aﬁlgrm@% apg, pyoggistachment thereof.
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SERMAIS 10, hell e SRR o L ARSI 2 may e
tused to coampensatd foe anygivrepekfdeddurgo vetebsrrludti® Buinpedisds] ®cess
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Bins pRhplapary yareania the wrkess of flee igterpeser substgate 110 and

ﬁﬁ@hﬁﬁ$g$$%ﬁgﬁséhe i nterposer substrate 110 as well as

conduct 1 ve paste 182 in the recesses 120 may act

as a hred hbtvn id C1G oI, b didl&trid fllerimedtéridd 166 §dnabiite férmel an
the sem conductor die 150 to the interposer substrate
T¥oderfilemeteriaDrpayRrpsiopellanphiehthraush ensaingrl 3Phdhe method

. _ ;
SHEALY PP Sl TN 86 s MR BTRGUPE gt losre om
sligrefser heRERS!, batapiincidd ady aBmhbl kitlowalin theiadsich ak BRvity and

surfaces of the jinterposer substrate 110 and o
S@aTwe injetingr 1gitkis mpmner; thealicletiaofillermeatedal 169 may be applied into

dth% ééeﬁrl{é ﬁOf, Hokfg bs gﬁ;@r nﬂéo;}xlt g‘é‘glg%}( ] g'r 1 l{l‘ l ¥ g%sg%gr%g 33"nd into each

hat eri da

tdTtineigbese@errong fillddspaddgrotmd e don®idavO¥aspd P56 BBhY pddiess and
filler material 166 is preferably bé di spensi ng under
8]

oadudiive prdsorn termisple A3 r Theediglesisis fillsumatasial 1 6fcmayibe sqlfycuring
et B0 B, B SR B B Pt

rradiafiodlor $6Rr HEMBR ek iekdenfoGor af 1885t AREMISHA H#Ss in the
nove as a flow front through the nultiple passages 132

diseespast1d0e Juph distectriedilles atsriab 1a@provisles phangedsysaarement of the

acro?rlflp%(fjlelgtIs1 5t ﬁ%nc lijpg: geirr\lligon HERE dél'v51066 as?grﬁlglyq%g s %vseﬁ a8 gldecluding
shorting between conductive elements and protecting the conductive elements from
environmental concerns, such as moisture. As such, compared to the conventional
underfilling of the entire semiconductor die, the semiconductor assembly 160 of the
present invention requires less time since the filler material may only be directed to fill
the recesses 120 or, rather, any left over space within in the recesses 122 proximate the

interconnections, i.e., bumps 156.
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conductive pads or termnals 122. The dielectric
filler material 166 nmay be self-curing through a
chem cal reaction, or a cure accelerated by heat,
ultraviolet Iight or other radiation, or other
suitable nmeans in order to foryjpat |least a semsolid
mass |n t he 25 recesses 120. Such dielectric filler

mat er | .166 S. en ecurenent .o

conpo Bﬂ?%g li’)arC ﬁ"ﬁqﬁ (Eé’ E 61Fp18{§’é "?:Elctéﬁ&\n‘offg/and 9A -
dBOthaSntéRploberdabsdfaRel l@me%bea B sk N5 URE RS G4y HOE Ikl an

el ements and protecting the conductive el enents from

epsiing forepplaingddlec matesial toubdireaessenl 26t hecause s recrskgs 120 are

C ar.e he conyenti onal erfill.ing of
SRR hfled Wi COMECRY P b Rttt Reoniemplaied (et
1B0yRE ﬂlﬁ?m%%nﬁf &rRizh ah'?)}@rﬁﬁ ‘17370 fnetﬁé' it &Podef Sibsirhtd® 10 described
since the filler materi a be directed to fill
ihthetlokaskduiR thethrods matymet be mcy:sslae;f t over space

W t hi ecesses 122 oXi

i nter ?64% 5?% 1“? C%lductb\t?rFEQ Suglz%f spiflenPally 95 48K syifpble
fc&?ddcti’vé ﬁllaﬁeﬁQI L&lﬂ Pf&ld@ﬁtahﬁl‘é%og kGt st' 1@8':5%@6 ﬁthe s&fond

and 9A nt er poser su tra e 11
fsmlfaqsnsld 4|0rﬁ tlmmfmrp‘nsel’rwtisiramyl (hABuch mohdlﬁ:avahallsdme l‘ma}gae provided

aor appl filler materjal. to the recesses

é‘&?ﬁ[ﬁ’s‘g’ %@%\1 diseensipg the le@%@?aéﬂé%ﬂnri;fomtlpgahereof if
Wbk AGARGIAEL. b cﬁ?a‘fédeo er Ti¥ F gs%e Fid. J) %Pd apertures

cont enpl Cated that 5 appl yi ng materra I?wou h
direrethenugh glat8Doven lddat?lomsmf&bpdmmm padysit26atof chifde, conductlve

cribed in the third and f urth pet hods nay not
g’éﬁ% LoZmgy compsisehes materipks SCORINFEYS GROXeS qr§011<wt0r-ﬁlled

B}Be@g.rl& %g%f)m?ﬁgé ﬁ}é%‘r shapbé scdéhtd?g S, COREHH tahq gglars Once the

ter oVi at” the con |ve pa
expdetide dalls TR aefdmdd o8 of ﬁmhethefntérbeser mbstr@tesleﬁ and the
substrate 110. Such conductive balls 16

;skl fhtde 111rdnﬁtﬁn%lrl6ééla%bee§wé@éawe«f dqsae@%w@ﬁwt#@?)e He
SpEhaTRbEE 250 23D B S RETRIGAR dr AL anlated U

2nhcandlatpeapparass 118hweities erdBd;g'h': dlcapsathtion @atdriat 468 mplcted in
of conductive pads 126. O course, conductive ball
- by IncBerpise 96 Pertinky ensapeilatiedhe seipongdicton AigdSP; %apsulatlon

g‘{fﬁéﬂruﬁsl 68 'm4 &%qﬂ%tﬁﬁ{edfbgldkgg)gnse?ﬁ ' o abé@ﬂh@?{nﬁ%@@%ﬁ@ die 150

shape ums an

tsbehaikiihe:mﬁlsmelov Surlfe 154 b6 theati€isiloft sBsbsen Iarthcaéatsaehﬁmly
to the i.nterposer substrate 110 and the dielectric

fqnpmsp lafiag hei sgmicppdudiersdip dedy epﬁawulé%p teriglek8raay log provided
h&ﬁ% es? f(}a'ﬂ g, @&ﬂ %o &l‘fﬁ&lﬁ{ rﬁg%@%%éﬁ}ﬂg}g}%ﬂy Ql‘ﬁtable

EIt r part ncap SU

aneBpd khavn ﬁnhaa]na[tai tsrehil$ p‘t‘éféﬂﬂecﬁthdﬂ Rk efidapsulation material 168
encapsul ation material 168 as depicted in FIG 11. In

thseapphedtoghe pagk:sidg arypuefpeedisdiafdhe sepieanduetendied Al (whish may
Gh e RS PSSR, R o,
tdiapshutatibh Ghaterial 168 about the periphery of the semlconductor die 150 in order to
facilitate fully encapsulating the die 150.
FIG. 11 also depicts flip chip semiconductor device assembly 160 attached to
another carrier substrate 170, such as a printed circuit board or mother board. The

carrier substrate 170 includes a substrate upper surface 172 and a substrate lower

surface 174, upper surface 172 bearing substrate terminal pads 176 arranged to
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so that the back side or surface 154 of the die is

| eft exposed. In the case of fully encapsul ating the
sem conductor die 150, encapsul ation material 168 may
be provided by dispensing, spin-coating, glob-top,

pot nol di ng, transfer nolding, f! any suitable nethod
known in the art. It is curren% y preferred that such

eBAABOHA Bd ARARE AludRE baR: P& APRL bedoh QulBE 3% interposer

e or surf: € Sem co
(cubstrate 1@y As snch,ubkefli chifieenyiddR¥uclotUelice ASeriMy 160 may be
spln-qoatlng) prior to dispensing additional
Srchpucallyrand glesisically gonneeigd smenbsiratn d7Q by resloaving e conductive

! i i facil.i ful |
TR0 e SubBd BRI S RE B Akt o
&hown sietheaerigaicthen belayplied beteRAMe/NipeRipchAcabctbPdevi

another carrier substrate 170, such as a printed
@pseably 1 fbanddhe earrier swbstrate 47 @ for Feruring and petecsing sher at e

i . { rat f 172 and
M pGHORS 2, AT BB IR e Ve f ace 172"
bear i RIGSLb&pias & flieetth BathichadRtok GBvias 5@&;&8@ 169 iﬁallttliR%a heat

correspond and attach with conductive balls”“162 on
ignsienslementdde. The hedt tiansfer goment 18§ mirythregirevidddovepshe first

t.he £l i.0, chip sem co ctor deyice assenbly 160
s 130 e T o e e hiREEL B b i,
shirfrallptendhélvdmaterihl. OMHe ' i
bal | s, ?62 tot heas ubstr aet ea%tg%lg&gg%#ﬁ% l\o??)elflge}i?%(?gé %mwded on
fthe active gerfaceilaR of thetsemirondictorsdis 1 khmabut thetfiret sarfacenEl? of the
t.hen be applied between the flip chjp,sem conductor
EFboS: SRl io” AR gblifn tsch rovale e Bt apunciomeny 150 on
SREbHck Rrfaded SRIoPHRCIeh? it i 1inBs.
condjgtiye ball's 162, ?ﬁ@?@ﬁg?ﬁggﬂ99§?§?h?gﬂﬂggﬂg§% %Pdlhﬁn
firapgferdhvicesdernens 480 it wnfigencd ard kxstedind thedhidllyi contuelibeg formed
a heat transfer elenment 180. The_ heat.transfer
andsdnretsd oMyl gleciclromaneue oL b emicpaduce diet 10 to
Yo @S such @cdt i )

Sanon BT MNP CAb B UAS sy 1O1F o reduce the
recidenica of thetmeal Hatiguetin thesihtercomheutions ardBArcuityy of the afdembly160
provi de t he acti.ve surface 152 of the .

?88(1 S@Sﬂgﬁﬂgi}o fhegemicpagugter <§B &?0 phwelf py seduging pperating temperatures.
the i i ' .

pr ovi et RSTeP UOTIChELSD rihohe ARALIET aithorlhiy Tohdtecive
suatérzad ssuth 4s edppehandssilive; bntmey also dorepriseQ thsmsdilgwonduttive

broken |ines. Such heat 15 transfer device el enent 180
Rateal s i e e pally sopdictiye oeh it fn igmene mesial andlor

fR4REA coﬁmsg@g@;ﬁq&pﬁf&rtﬁm S@H{sorglclfeg; rical conponents

of the sem conductor die 1 an renmove such heat

from tAsedepidieal iaHIGSSENA andthRBtthe intkeposeesitseaetll g of 8. present
ci dence of thermal fatigue in the

L. d t '
Rt<ses %%@@F&S&ﬁ'ﬁxm 1gitiallyiop ayvafer scile canewrnding t6o
aRRhicoR BEGH W el éa}éﬂﬁ%;glé%p’ﬁtg?%#@?&fate@ EmlRdidor Bibd 150 and

as reduci ng oper
then singulated or separated after assembly by a dicing process into the individual flip

chip semiconductor device assemblies 160. As used herein, the term “wafer” not
limited to conventional substantially circular semiconductor wafers but extends to any
large scale substrate including a layer of semiconductor material of sufficient size for
formation of multiple dice thereon and encompasses portions of such large scale

substrates bearing multiple semiconductor dice. In particular, FIG. 13A depicts a .
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20 The heat transfer elenment 180 maybe fornmed of any
thermal |y conductive material, such as copper and
silver, but nmay also conprise a thernmally conductive
material that is non-electrically conductive, such as
a thin dianond material and/or,, di anond conposite
deposited as a thin filmor layer. As depicted in

glmgﬁ‘ﬁe% %f%ﬁg Qgctl%nﬁ v1etvsr1] S%QPPH%F@ d?lg{or %Pe%béé&‘amr@% TV?FCI' g&lﬁ!

nventi on

@htéﬁ@f):&’f sﬁlﬁsﬁrbt% 20 0/pkiBH ﬂﬂﬁﬂﬂuﬂl&htﬁaé&uﬁent SIedFesTO MUY @érﬁrcomfcafr
carrying a plurality of unsingulated sem conductor

thages 296 goldgstively iaoludes myltiple wmsends,@ﬁﬁ ﬂa:tes?él an eedpmns and rows
SRR dats 0o de eRE T el ik Seishh s il 150 Botudes o

BESKESidb orl uFfaéeLI IN andahCiivdRirfacd 251 Arfickatlp s&@laumt:to@ aRl 250
substantially circul ar sem conductor wafers

(lsl)@lhéh’?@l sondyctvebaaps 256ge asonfigiratidysdietated biylad mdmgd&258 on
3%%% of sg nductor material of sufficient size for

PR Wnﬁﬁrtiple di ce thereon and enconpasses

por t i qRg iMbrpsits Bubsth@e 19GA¢des ARSIt SuAh 52 1A aNGcond
mul ti pl e sem conductor dice. In particular, FIG 13A

detshcot2d 4avith mﬂltmlqrpcersserSé’@O oz in dast firshavirfage 217 wfd openings 230

duct f
FAviaE postres yeBrapuonted fihe fecPad Rrftsan 14; Thereseries 220
tf&%e%Qfl theTh%rL%%&’ s‘i@ﬁ%@ b 00 are Wid8 o g&%sg@ﬁd 1%%hb§tﬁit1¥111y a mirror

i ncl udes nul tiple sem conductor dice 251 in col ums
amdge wikk thedwmay ednifiguratiom gn bashaditee #i6S 2&150@119 wafdr250. In this
br oken [ i.nes 5. bac

Shaseh thelifEriostl Sssirale AT R be FiEhed v e $958 230 Sis ifhesive
RGP D664 e fHbSuAat 210 th@ﬁferg&@fj s 2P0 5P &hat e

in a configuration dictated by the bond pads 258 on
Wiwinps 260 ey tlaer wafeo? Sbae inkhed mtcemdcﬁslbﬂammﬂs(trcm\@dmﬂnn the

| .ud f f. 212 d f 214
PP 220 BBl o 5o or A ub T A1 PPt S SORF Acae
?asgenﬁﬂ? 26088 1B Eed APFIGL 4 3BTRSy G SRy QGU’Ena? WD singulated

fornmed in the second surface 214. The recesses 220
fayrdieeld”i abortgitbe botders208 ef theuiafer 26t0evi2 4 dicamgmeambler suoh as a wafer
mrro

corr [ ntiall
A gL P nafortdﬁgtoa fiuboBgogpis st Sch include
‘g@}% %Emanéég senhilotdicfr dfBIH Havink e &%E&%t%é@&%&tﬁ&@z 10 of the

e attached to the wafer 50 via an adhesive
qirewmhinavaﬁﬁnonoum@lmbneen surface 212 of the inter poser

substrate 2 e 15 bunp n t he, waf

350° arklss AGbE PElETI b aar Is%gle%m??samf Pageiciplign With FIGS. 6A-
VEE MAD7B NeA_gubhL Sﬁi &hd EERESERTE tRaths36 ‘i’@aSl He‘BohH'&i to the conductive
i nt’er poser substrat’e 210 to forma waf scal

assle pbteym2@B, in dise ©egbast220 to,nhdiefore, h&BhaﬁEbEély\AE)hé and electrically

assenmbly 260Q may then_be_s ul ate or "diced" alo
BN ER (hpeseTeggPr DR A5 @rtg%v@%e\v PeplaIErRoSeE SYhstae Ao, 1

Séiffiﬂl(ﬁ? a0 S ler material may be applied through the openings 230 and
conductive balls 262 may be provided on the bond posts on the second surface 214 of
the interposer substrate 210, either prior to dicing the wafer scale assembly 260 or
subsequent thereto.

FIG. 14 depicts a top plan view of an interposer substrate 310 having an
alternative recess configuration made for corresponding to a substantial “mirror image”

bond pad configuration on the active surface of a semiconductor die. In particular, in
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saw 280 to formindividual flip chip sem conductor
devi ce assenblies that each include 20 one or nore
sem conductor die 251 having the separated interposer
substrate 210 of the present invention nounted
thereon. Also at the wafer |ev and as previously
described in association with FIGS. 6A- 613, 7A-713,

A-8C. 9A-913, .th ti 56 honded
i sy oeHE 1 T AR ehiied Pindpa oo Riraf, Wikead sttple
2885969 320 AREINId Ve BERPPECRLfaYe PONG iR 0Ser]GHJHafAd IMthat are

25 connect the sem conductor wafer 250 to the wafer
ebigied in thesshppssefransTowith adleesBe@lemants Hdbdlisposet on either side of the

S5 b SB Sip
QBnfi SR atdSH) thr@edsSesIhayl BEFSRES el 56 s%ﬂ)é‘fra?é aro{lﬂﬁ a periphery

i nt er poser substrate 210, either prior to dicing t
Wafrenf. Soelh altasabetid gep?ded orFIGs U6 s€ 6 tupnlan ieweatfan i@6rposer

FIG 14 depicts t.0 | an yj ew of an interposer
Stistiefe10 vty o adbesing elment.d toct aenigeporien gbinterposer

. . i . e .
RS 8o A0 BREE 406 Forfid SRR 119 rBhal i Rb s
sntefpase sobstatesHlfl comid wlnd previduereckss coafigurativmy the iperiphizBy recess

this first alternative, there is an |-shaped bond pad
&8?@%&?% indpterpRAd Subsirats #14 i made e eqreespandayith g sebstantial

funr: r e . ' L .

TR BRSPS, by L R O3yt

W t h akiyesviveslylesrhdwill besgec potedenter Rivt feeéss Soaiigupition, both
" and, between the_ends thereo

bod the "I’ f.ol
S HBPed mLp AeRhery G ORb Il IO, 14 el 15 may include

R G TR IR SEAOREH vrs
detfitle thededensek bfd fotthedwith phsspgdsl eatendingWheéfr@ to each of the

i nterposer substrate 410 with an adhesive el enent 416
decegsese MSShcly shlsegienbio mavringoskmpedissmicenduciaryia frjthe

I . 0L I QX e .
BRRRE G LR BACSRAOND MBIk gopening nd
[assaigedis fllEhe sscessen hndiprodict B Tond B veBlipHEikpose BRSEN.

10 configuration in interposer substrate 410 is made

to corlilSsp® depigls asrags-semionaliewof a ggmiconductas gasenthin 460

onfi j ' f f.
T L U (T —

s pdriphéraPreC&s toifiguitioneme $h alteihti edanathb@Bf api¥illg dielectric
the |-shaped and the erzi*gqhery configurations depicted
Sﬁﬁkglyl -

i fllqrpagteria 46%1F9?thiss : Ja@arti@lglér,&ielmsﬁ@ﬁﬂgenatng@l 162 may
(e Dol 2650 TR R RO R B B GPRR R R Bic B0 thar

ekt aRikchiy fille medtérdin 62 11896 in@dr thd\@ic 456 6RE &@End e DHGItive
subsequent to nounting a bunped sem conductor die to

t enpsi 436 adjseent thesdip pemphesy. A5 swcbetheidiel¢dtti¢ SHermaterialall62 is only

n@éédeb(ia prao%cr)xlla{tee gletclgrrlgu%%ge {)Qr%pg R&g! gmrhgnoétl rlllldlder the entire die as done
conventionally. The semiconductor die 450 may be left exposed or be encapsulated by
encapsulation member 178, which may provide encapsulation material 168 to the
assembly 460 via dispensing, spin-coating, glob-top, depositing or transfer molding, or
any suitable method known in the art. It is preferred that such encapsulation

material 168 be applied to the back surface 454 of the semiconductor die 450 at the
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passages to fill the recesses and protect the
conducti ve bunps disposed therein. FIG 16 depicts a
cross-sectional view of a sem conductor assenbly 460
20 including a sem conductor die 450 nounted face down
to an interposer substrate 41 havi ng a peri phera
recess configuration and an alt’ernative net hod of

applying dielectric .fi]ll material 462 to the o
BB pieg oty T spefrinechs SllerTare@raldo7 sBoey betiphery, o fcilitate
R subfde RYdie B$0.appl i ed by di spenser 164 around

thé periphery of the sem conductor die 450 so that

t he diFettkat inithisfalteinetivayitie picfdrred 6Rat ftheosemicondectot tie 430 és

450 around the conductive 25 s. 456 adj acent

@fﬁ@mgfeg 3 gpﬁ%&tg} thengtegpaser Sugﬂéata? b Ban et bumps 456
RhESedah thk@BnksetidB Eﬁ(sée hge ﬁ@(@es&ﬁ%'iﬁiﬁs téﬁg@%ﬁ ALY Showever,
burmps 456 ana not onder the entire die as done
tldmekerhatoreahdyyalsolénepley theanetbotdstdescribied idl BIGSTEA -6 ahd 7A-7B for

exposed or_ be encapsul ated by encapsul ati on nmenber
s fn%@ﬂg@ilfi g 86 digstOrie sSintemaseirsuhsttats 44 168 to

the agSfidlaleddf %lo\ék%ia%irﬁﬂ S84 R Brawink F16 OPE 'ﬂﬂg«c‘)lug semiconductor
gl ob-top, depositing orf transfer nolding, or ny
slavica bdsemhist 1160 f Kieopmasentinvrgtioaris molhted $o o cieérdt boaed 5T(Rkuch as

such encapsulation material 168 be applied to the

PALROUS U PauesAFATHY SppbrateliOe Broostmyor gy gem 280 {n the gomputer
- r : . o . (N
S SHEl RO SRS TIBLR I Lyt
enmapsidasds iwith dohiaputi devite 674 aud aheutputi devichis36. The input device 574

alternative, (it is preferred that the sem conductor

dnay besokeyBoard Jaeys) JOYStick Pr BB OIBET SORUKE InpIt dEYIES e fhe output
O . . 4 .

FAPEESA o ok AU BT Bl se Py

StheB CupntidSieed Ehelppveyei devitd SR @hy be, bat is\vdt itedtga

enpl oy the nmethods described in FIGS. 6A-6B and 7A-7B

fIBICTOPERCSERB PT hgiraicrapbingludipghaedvrre forpoogessing,gomputer

i: er, stst ' t j

gﬁ%g{cgér?n&f (ﬁ(ﬁnﬂl?(%lag Fﬁ{é%tu;% (P(ﬁ t@ c%}%lﬂgrl §§%t‘é[§ﬁ$l dngS péa8ﬁ§1< apparent to

shese@POfligdrpkkillde et assenbl y 160 of the present

invention is mounted to a circuit board 570, such as ,

10 pr A fsthor anpseagh de Enplementing the peesend inventron andpsglepicted in
. t 0 {

SATEY BT TPd 8, ORUERpp SHSLETER0, ke 04

SdRinatddahereto[1iid Ibiotaine therddf Beiag fhlfipetverdd\or CoptipAdilyanfcid@red, by
out put device 576. The input device 574 may be a o
1@91/_@5 aagk 11 anda cprripstiveRunsp 136 fognerkby wedlepilifsoldenyicuring (if
da%vé §§¥) JE'A% QNP g gtef‘\\/é Ca%teslgé al' ¥ b%ﬁ A JFRAU Qfess 120. A
prlﬁ et’ or s%orage devi de Ssueh &S o i sk “aFh VeSS or

adiyledibic GillbemaeHbIPLE6 il @ydnCEsposddttowRl 66RRIGAVe BiBNPCE6a T each
may be, but is not |limted to, a mcroprocessor or a

diepassil 20 asshawing &b srmisendvsioaviier 1S Orcemyipg adiksplurality of conductive

gkgﬁ'f? &: lgr%b g{)‘/rg ée?#'érg%l%?rzfnpége :ctplg}tggg\%lgf(té%%%t tg\;eeblfrrg)prs 1%@5" when
semiconductor die 150 is aligned with interposer substrate 110, is then aligned over
interposer substrate 110 and vertically pressed thereagainst as depicted by arrow M, the
die placement motion squeezing the non-dielectric filler material laterally outward so

that conductive bumps 156a and 156b meet and make conductive contact. Adhesive

elements 116 may, as shown, be used, or may be omitted, as desired.
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those of ordinary skill in the art. As a further
approach to i nplenenting the present invention and as
depicted in 20 FIG 18, an interposer substrate 110
may be provided having conductive traces 124

| am nated thereto, the bottons ghereof being fully
covered or, optionally, uncove%ed by solder mask

118, and a.condugtive b for reflo —

sol d e% a gz?nag]l&)pi Eaie(qppro E%Igga)éi lé]ds ena?lateyiv th(at in lieu of
ﬁﬁlﬁg dfddonc RBS1186 Jaﬁ@ tPbrol 138 aR MG suBRGR-085E §@he§1%g instead
A dielectric filler material 166 in then di sposed

ofesing a nehacate vdheblurﬁrpbnibﬁﬁhld B noacimd@&ivedesNCF 26 skesvn in broken

permEIG, TEPE R prurdnlea b aEt AT s ermagion of conductive
SHRSS Ima@oﬁ gﬁue eq& twlagéag@gnaﬂg ta'széﬁ RHIRSor RE 25 R ing

sem conduct or iI'gne |nterposer

sofbictiag bunhflé)l 56bs Whamtha lsetgmeddtmrdle 1 50t ardpotegposer substrate 110
substra nd vertlcall pressed thereagai nst  as
&@ﬁ?f&%ss@ toggt F: SRPRAL Soand o ﬁ&@@%ﬁ? heoneRductive film to
SSH [ I I

e aE g oAl oty %‘%"F@Vé@ By S PBicREblycl B 0 ffude the
AM$ 1 trahd UE62/dfilnts offeraibit Hitdchi Ghdirisaly Bemiebsduetok Matekfal Division,
may, as shown, be used, or nay be omtted, as desired.
Jamy 4 variation of the approach of FIG 18, it is

al so ZQHR# I [

Fill e‘ritoi ang&?gmyr&gé\(/il tg%trbg r?b frf])taglﬁ to tﬂg,' Pﬂegerg n?\}eﬁﬁf)ﬂ c8mpr151ng a

Hlekitle mterpdsor ﬁhbetr&é Iuemg vtlehstohe adndwﬁveﬂ&yagamuﬁ&naé af least one
adhesi ve el enent a nonconductive film NCF as

SEAGre ﬁlembswﬂntemqs@%b@twem o digleglaicanaphsss anay\hsremployed to
gﬁ%ﬁ%ﬂ? % Eoéé&fﬁ&eﬂ—@cgsgr s]u%gtregrre %)%Jrkagg 5&%1‘(11% OO[B Wﬁ%ﬁgﬂ %\}e}{ﬁon

unps on an 0 ass

Sererabaxdugilay etbedihitscanfoled thterposesd bilﬂistrm% pacleagss drd 8éspectively
VWhen the senIConductor die 150 and |nterposer

SigsdasedineF IR 1 éhréugr%bs(r?-;fcfomgew@rt aneperendwBiye éﬂyar may be

L BSIEHT SebcOUERREEL Al it o in

Svhdwdtive vive e nskistd igplé bd)ﬂmlctﬁ@layl&ﬂ)eidg&nerbﬁﬂlﬂstﬁﬁde of the
UF527 filnms offered by H tachi Chem cal, Sem conductor

NBY@tiog angnot lgmé]ﬁg therepf, JHggﬁverJ the pdditipn pﬁ@;;econd conductive layer,
th
LA e Ry BECR ek i BREES vagmisphigpsome

Usstangteat Ieast one conductive layer lamnated to at
| east one dielectric nenber or interposed between two

di el edfl5 &9 dembtérag intfmysqﬁ subsingteoll@dwhish mayislogpsise cisher a dual
{
ol eThGER e SRR TR BCERSP ARG R Bteidind €T present

fi_ﬁb@lfe@nj i&ﬂ@ﬂﬂﬂ%ﬁﬁ onURSI iRty KROEDaANnE 1168 RAH BaéRItY-back
di scl osed in FI 19 throu 21. O course, nore than

cieanieanducter dige lﬁw 1r$§§7 therebstiptenyte ﬁoms’éqhéedant@mow sgbstrate
paagzlaeg%téé)% S{Fﬁé germlggrgduc or dics 130 ethF PSO% are 1Sp cghei‘p conﬁgured with
conductive bumps 156 projecting therefrom into recesses (not shown for clarity) in
interposer substrate 110 as discussed with respect to previous embodiments. The
standoff areas between each semiconductor die 150 and its adjacent portion of
interposer substrate 110 may be filled with dielectric filler material 166, as may the
peripheries and back sides of the semiconductor dice 150a and 150b, and the bight

area 190 of the fold between interposer substrate portions 110a and 110b. Enlarged
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conductive vias, the use of a single conductive |ayer
being nerely illustrative of the invention and not
limting thereof. However, the addition of a second
conductive layer, 20 of necessity, increases package
depth or thickness, which may he undesirable in sone
instances FIG 19 depicts aﬁ I'nt er poser substrate
110 mhl nprise e r a dual, conductiye
F‘é‘iﬂé’Pt%“r f\’/é ~BRY b‘é £y YF {Peronpegt é‘?ep‘BEeél?oséﬁPé‘}éftFaé‘f L10to
Afoher- I%b&%;a&l%gﬁdr‘)ge sth&s %'btame& @M‘fsﬁ%ﬂe‘?ﬂ thef f%ﬂ %P'a Bﬁ%d W&t board.
Itself ortions | CGa and
Eaeﬂnplaw fohdeld iXerpeedri submﬂtﬁqbamkagtl Gf)éa ]rﬁﬁﬂltsa ﬁdldé& ftberposer

erebet formfold i nt er poser substrate

Poeles 603maY Br TR 3@%?6%&1 eb cpapertiaR sermsoRdusas

fdiéeﬁ'S@thﬂi £Q1Bfb s%ﬂle\%cferbf n‘ftg gs’é}tshl?s@ra@ﬁmsln 1nfolded form over
projecting therefrominto recesses (not shown for
thearlateyallytadjacenttpertpms d i 05 arals1 10h] mtrdbddrimgdidiesitictiled material 166
with respect to previgus enbodi pents. The standof f
RFesn BeNReUHaeA Of t@&ww@ewhe Itgal pseyphgrips thegeof and the then
FOHRRTR Rk 3P0 2 ithelily RERRO ok Bt T 3hParkd B APBAL R back:

Bacaphtioe sf bight fuatdén 9w die satve o8 diffeteann dietdotric ﬂilesre
150a and 150b, and the bi area 190 of the fo

Featsiab A 66 may thradsreftsgtsd @ncgb@n%gtm&féﬂaﬂedc@nﬁwwftﬂalents 192
PO R A S TR 05 Y, B GES i

I?.ugisx&roﬂ isteplosdraabsugteol0 maiche @ovided ezﬁmlaebvatﬁgsdlélattac infember
t he forn1of a printed circuit board. qplary fo

iSRetbgoRIER hasimganesiees ﬂ%ﬂh@@gbwm@s@ﬂa oaiEdye 2 ements 192
cﬁhﬁﬁlﬁg&?é Ymﬁ H%&ﬁc{u%{ﬁe B@&@Q&h@gﬂg?g@}’%ﬁ’ gelf sib g kYo,

respective connec con a and

150 b tRIGt mdqms aoths f@lﬁied fiit@rpoRs eubstrite paclaige 600 inplementing
unf ol ded form over then- Iateral%z adj acent portions

twodalda ipreyigs threepyusmily |swgfndmms subpigate pprtieps kel 1¢h and
l:ligtgcé : Eﬁ}e\éggrﬂlcﬁﬁ&dc%% d? W fS%g é) £ sé Ergp@kécﬁ 1nQE%| gi%gglﬁj’llfﬁllp %ut the

peripneries er eo

SHS pbrios 110@oﬂﬁféqﬁs§ble§ulb§tgats qem Beslee Sepricotiduetot Eﬂaal 588 0which is
150b back-t o- back. Encagsulatlon of bight portion 190

wnvcrnesihég@a,rﬁéar@pffdmrafs apd tghaaréaSebStOrm@v bq fillesh witlpdielectric filler

B35St R R AABAA R 0 s
hh@ﬁﬁfseﬂ ﬁ\éﬁkat@?&dka@ bRy tefofBEdd ctiVél§ @blﬂiebﬁllig of

the exterior surface of interposer substrate 110 nay

remieandieteridios 1102a1 28vand; 1§ & dlesame pide nﬁm.tm‘poses aéqstratg 110in

a f|| aV|n ertures ther hrou

SieiofR R S AR ERES LEET RS DGt 1 10,50 0 2pfH G cing o
| @yIeétric |1TfP1Er hRYA) 165fbdtwéee1rtﬁ@§arve%uﬁsae§ 8f €ach 1103 150R-dHdd

20 depicts another folded interposer substrate package

60BpasapiubatEate | Hyand about b estiphstiss Bieragd then @éilngjthqapggtrate 110

SR dhe r?gss%rdmgou lauctgfa 4iSe P96 an%nl%O% %ac(l%?t’o-bac](() 3 semiconductor

30

die 150c to an exterior surface of portion 110a, after which bight portions 190 may be
dielectrically filled with the same or different dielectric material 166 and bumping with
enlarged conductive elements 192 for connection to higher level packaging may be
completed.

FIG. 21 depicts yet another folded interposer substrate package 600c

implementing three folds to provide four mutually superimposed substrate
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11 Oc. Three sem conductor dice 150a-c are al so

enpl oyed in this enbodi nent, but the third portion 11
Cc of interposer substrate 110 Iies over sem conductor
di e 150c, which is inverted. Again, standoff areas
and bi ght areas 190 may be filgfd with dielectric
filler 20 material 166. Exenplary fol ded interposer

3tines 21 @ B30 triob! e ont SmipdpeySby deBd SRR Ataryploved in
@ BRBbAifHent, 9 S04 HRNIS0BURINTIRRA baA3t0-Hie@ And 50200 h8 heing

the sane side of interposer substrate 110 in  unfol de
fodaced backetottack- Agtiey stindpfi¢ameed bight ateao M) thiy Bafillddiwith an

AL, 180 5 oo S i i
3rretpt & sHBRAle ﬁé??er 63)b€ %Q)e?&%éﬂ%%@ﬁv@f Edr%{e}&fﬂge S

thereof, then Tolding the substrat and adhering
semicopduitatdice thlaal tb3hasaandsidbafintegmisert subiteatd 1 BOvah unfolded form

sem conductor die 150c to an exterior surface of . . )

56 Emiatso-oGinceat paionn! R R0t 6 el 1 0gceen bish o diclectric

4Rl Raldriaf Péd had bé }rﬁl%g%etdrb A& SRR sﬁrlféée%{f &¢h die 150a-d and

dielectric material 166 ang bunping w't en arged

disrassectatedepoeti@ntlliasd dbiAtekmrsecsubsteatt i bhardatoupthe did yipheries.
kagi ng maybe 30 conpleted. FIG 21 depicts yet,

ARBE S DGPTSRl Qarnd ) 04 ey Shiisdheralded Gueneaeragoprations 110b and

i lq.gk.egaﬂfcbg(gl&&rd‘?@e 150k %% 5790b05r9 Yxhl‘ije?e({ Q%a-tg%%gﬁgﬂd{s]%léconductor

superinposed substrate -27 portions 1
atict 1500 end FHUt ars adheredbackttosback. CEhelisdemblyas thes refbldy@between

in this enmbodi ment, 150a . and 150b being%ﬁéaced
substrateRqstiens Lidh andddOq yehiohsyg thesimualby agdhered so that all four

-1 - 4 | .
S35t Yer PR Den ERAP L PEEBSARY PO e B i
IsGperithpdsiteh. i Hiicapsuhion of bizht pationp Bakaiik tHeQ@meloe g diffent
Folded 5 interposer substrate package 600c may be
fielagtec Baterial b@gmmmple& Wil enlargpdsentective glemsntsdioa dor

- Lde. of | trate 110 i
SpBccih % bitGe 1808 PR B b BOSEhpBY: "ot i ons |
11 Oa,THut Oowilllle dppahtithdtlthOdip éHip esmisbhdifetcr déviet kbmbE of the

filler material 166 maybe introduced between the )
duesepkingentioaduovesshemMpick ratBetpaskagent ajredicad sest inagasaparison

rti . - i [ S trate 110 and,about..
PRt e e b TR AUl Bhfibave ver
lihfdehovery. Foeexdaglé,al piekhge heighbredtétiohl of aBoNittd0Qns mlay®R effected
and 110c. Sem conductor dice 150a and 150b are

dusingra00yaakbick disleckriamemberrand shithieating a s¢tand 12500 thicki

15 I dher.ed ck-to-back. The assenbl i s t.hen )
PR R R iSebioaPdis O SET MIRAS AR i Sresive
Vélefibntabptibiap aMaetBldose EBIREQLNE QerhidBhdiRtdr di@MId interposer
senm conductor dice 150a-d and all four substrate

pwibstrainsinee tke discarte condustive elamentalor tondugties burppssofitheodie may be
Eﬁ%§ Stgahsltclo%r;])le%ly ?eI:(%Pvted R htirll ﬁlre]:sfec]égsoes of %hl?e (ﬁggctlslg nrrl%m%rer, %ut for

any vertical standoff provided by the tape. Electrical connection reliability is improved,

since the conductive bumps are in contact with the terminals at the recess bottoms,
either directly or through an interposed conductive material within the recesses,
eliminating the need for conductive vias and an electrical connection between a first
conductive layer adjacent the semiconductor die contacted by a conductive bump and a

via and another electrical connection between the via and a second conductive layer on
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dielectric material 166 and bunping with enl arged
conductive elenents 192 for connection to higher
| evel packaging may then be conpleted. Thus it will be
apparent that the flip chip sem conductor device
assenbly of the present |nveg§ion provi des a conpact,
robust package at a reduced c in conparison 20 to

G oAt B TEeeT DS Ratye MATrver, S8 s e skghtforward
AXEHD lePen lﬁrgé &k RERISRr Atk ¢ 518§1H§5 |Rge AP OEondtivt Bumps may

may be effécted using a gmthick dielectric
e ndyeunted fioh eateirmel natnen@oraumﬂln grebentAnventipe ks all rerouting is carried

SR G008 4 BRSSPt B B b oue e

di spo

o Doaae PRSIl DR AR B8 18 B B B whic
as fac onekeedsi of ehdlatepd dohertshom atidéanayr dfen aswbmtedrdondibdtiye bump,

conpletely received wwthin the rec sses of the
s et fhciliiahng pump gpd fegess aligymeatity; lpgsenisg s¢ryiped dimensional

d
RS e rBch L S0PRG4 B RORIEEAN 120y ecem g
dré umnpiteint act with the terminals at the recess

bottons, «either directly or through an interposed
condudt B paticiaated, jag prayiquglyiotede thzgé'égglésstyp@@f conductive bumping

ShyBeed B B8 frBlenCORENTI MR A0 Ew Ay believed that
|gaystudibymapeuded tuh eorﬁlﬁmltmndiﬂl@ b esldel pasealidpasddad thyredesses are
conductive, bunmp a via and another electrica

d’éﬁﬁé‘@lﬂiyéﬁltﬁé? et pfqﬁ@mma andhlqy ¥olyme prrfuctionidies tpis advanced
K %%@ {)f; (ge&gfoﬁ%flg go\yg ?&? e&?olﬁt'yqﬁ eel&fso{r;g(l?d&hﬁé g{f%gé;mg bond pad layouts
dd ifige pitely edpabititge sem conductor dice carrying a |arge
nunber of conductive bunps may be rerouted for

ext er dARddigandbe nesrrfadloxile scrposss shstrptewasily asporamodates minor
iﬁbQH&ﬂs%t&éen%%{%ks oq” fug&ﬁs c%'ﬁd{la%eg)lugl% ?%de agl? of absolute planarity

er poser sub ate cin

s(fmhe:szaﬁdctﬁidaetoﬂ ie. ac&vem@fapé &SWEl ad thyestith©feriiiy]se PRk,
a recess lateral dinmension or dianmeter which is far
i gncgpsulatign,df desired, ofsemg|or alil pemiony af the pemm and ek gurface of the

%%ﬁl?cconﬁ (.etgr §2194 .'Xt o? ods J] H2at rf%@ il a¥e a¢ fsl Iéo%orgtgon ofa
al'rgnment oy 0B

reces ing reqU|re
dh&’ﬁﬂﬁilly(wﬂdluctlb@ hédt & der elérfént S¥EH R Fheabsinlo §thOutraddingy
be enmployed with a 120,umrecess using a 175 mpitch
1omplexity tatha RﬁCbaﬂee dt ana%ihpwwclsmgngp 0ifg 2 tapgts used to secure
tﬁg E?IH%O]{](}{{%EO% d?e andd {j Pp% Iervs% s*irar@ 02%[ Wgr”@?ffere t%(‘c)’lgdj p'c{do

resen I nven

Czh‘fdhgé}hér)ts bel daﬁl&&ﬁ:c&hﬂbdat@@ I\Miithﬁﬁtliﬂe BeeoTR 1itRaTlord el adhesive and
conmbi nation with soldergpaste di sposed in the

rabteada somplexity gf @lﬁwltmm sthen, tape @%{sbeftmd forresabys/lotingl
on due to ad Lan nced

d
PPl orRh SRS of ideiomio B e BE R ratfraRt age v
dprblide edhiband datk dia®athSo the interposer substrate, as force may be applied

sufficient to ensure contact of the conductive bumps with terminals without damage to

the assembly. More specifically, during semiconductor die placement, the tape may act
as a stopper or barrier, and as a cushion. If a conductive paste is deposited in a via, the
tape acts as a barrier to prevent paste contamination of the surface of the semiconductor

die. If, on the other hand, solidified conductive bumps, when heat is used to soften the
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15 and fine pitch capability. hi addition, the use of
a flexible interposer substrate easily acconmobdates
m nor variations between hei ghts of various
conductive bunps and | ack of absolute planarity of
the sem conductor die active syface as well as that
of the termnals. Further, encapsulation, if desired,

| ' f th i phey. d K .
B, Bk 1arR 35 o AR tcB e A et S i gy materil
relbka3d$n hddigsrg ddpelact@fmbidtad @d sp’i‘ﬁl]g iback gt PShMile@ Wb force

a thermally conductive heat transter elenment such as
aserbtgrassgmile aisemisordustitidigpnsdnisimmser spbstoate iseelpasell Awpdping to

I £ adhesi ve..el enent  enpl oyi a.tape is use . .
Keaf e MUREREATR ST SFPthers Thifks vt Bunebe il poth rigid
0P ekibRyinteflidsbasuBRtariond pad arrangements are easily
accommodat ed wi thout the use of a liquid or gel
adhesifuethemusexd tapet focititates haodhxgeodi the assémbliygpios id feflow of solder-

Furt her,. .1 d t | ve | f ,
FTATCN N T T RN TR NICE N -
A RtrallftestdbRiort RYRW ﬁf(‘ldqetf&e aQi'ié?é’dtr‘i‘@ﬁ@éFiE‘ afiflicdndor the

during die attach to the interposer substra

fsomirendugjorishie emapsudated aud 4 defeetinie dioreanyed endreplaaed. The

t he conductjve bu wih termnals wthout danage to
RSeSSHIR i i85 ERCpS bt reliney! delbeli L e o eBployed
gé(ﬁlil_ﬁ:h PR Athe ih&'?p&sélpﬁlbm? gt sedfloGtRiurof B fits %Engpliant

arrier, and as a cushion. If a conductive paste I
dbprastetigits ireduge thegpotantial intidpaceadtstesasinduded defeets dd to thermal

prevent. paste contam nati on of the surface of the
§¥ﬁf‘@oﬁd€%i‘58?m&éﬁ%é‘.”ngPPerG?HO‘%-_he ot her hand, solidified
conduayhife RSt MG R BAL béeh distfled fh Bhd &b &

bump material, the tape acts as a stopper as vveeFligmaégfaemd
cudodomenshend alfemabivepthemed £ thaat of odiraxeskill imthedetiwillatcognize
tage acc.om*rltl)d tes the "spri ngi, back" effect exhibited

VIRE APRIGFIAte thaf daginy entionds Ref) s TimitedniAdshitinnst daletigns apdd

| . .
R isE S ird B2 ity bR RBY o R hE rom the
acepeayijthé matitiontas chrimbd hérgind Sifilarly, feturied From dHe@hibRdRAent may

gggbst at gs., Ftrlrt hefr, use of tape facilitates handling
CREed Sathhgsentiagpthetwhide reangining withinthe seaps@f the invention.

' ' . r rk..
FREUERALD YRR AR FERESSTT: ALl o RuERABR ot
reefilrally aigdedetesseonfigliraticcinrintergobdrlsabstiate BIRALIREGS. 1-3, may also

&gtfjlor, the = sem conductor di e encapsul ated and a
Pé%‘fliiﬁiga“a‘i adaptedrin, g l-sheped appeacenntigmation of intepesse substrate 310

the tﬁ@ﬁﬁ@ipﬂﬁ?@gﬁ%ﬁ%@g%u}a%%n %P ln %Eos%té §1%|e§§‘|%t%?la Q iir(l: Ff(lié | 19"and 15,

mat eria requir

iradpectpabe rnsaidbsionathe peosehtILvancon ibuohmplited aulfdrling advantages
conpl i characteristics reduce the potenti al

it char, I ed|
AP bes wHnEtipdgs Wellas dlegiblpdnteeposerbstrases didongh, of course,
Cs\ﬁﬁ*!e'f@a&m%g aﬁ&&n@é(ﬁ&gms ¥na‘§/%rf er %reg%e lrlﬁ‘ltltl}’?g flexible interposer

substrates.
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Wil e the present invention has been disclosed in
terns of a certain preferred 15 enbodi nents and
alternatives thereof, those of ordinary skill in the
art will recognize and appreciate that the invention
Is not so limted. Additions, %eletions and

modi fications to the discloséd’enmbodi ments may be

ef fected wi thout departing Irgg&ihe scope of the
i nvention as clainmed hereir larly, features from

%ﬂgt%qmggkgggt may be conbined with those of another
ng wthin the scope of the invention. 20

For exanpl e, the opening 130 and segnments 132
descri bed in association with the centrally aligned
recess: QotMNEANIEEtPBAEVIGE qS?ﬁ“@gbc@g}P@%‘st rate 110 in

| - . i ; ntl .
PRt B B e ik Bl U 1 A5 o EOnBARE il B o
310 phehlithef pridupthertyacecarlss leastdrieglicladtiiomentber, the at least one
i nt erposer substrate 410 in _FIGS. 14 and 15,
r es pefielspaigmemperdwyingiagiuraliyeof secessen extending fiopra suface of one
cont ey . f ' O3 j ¢
st ng P 3 it BRpRsH LA BRRR ROR et AR R o
al t hoegpose pbrtivas b8 condustbreardcesdfithe pluddlily;enbodi nent s
may offer greater utility to flexible interposer )
dhrluralifyeef recesges bemgpmangsdiin pkleast Ay prpatteras logatedion one side of the
sem ¢ § j.ce assenbly, conprising: 5 a
flexi%ﬁg$§% 5?%%%%?§%€bstrate i ncluding at |east one
@O RAstGivo \semi cay@uct&raligy o fSlip-ghip copfigiiratior Yavirig < plachlicy ofve
traces and at |east one dielectric nenpber, the at o
| east conductiye elementsipeolpetingdheraomnyherein) el senigonguctor die is
recess t j r . '

2B Rl o1} Brl b BEBlpA e corhERcthack By

i nter poser ’s

di el ecbhictive eRelentsGecetedas & ppdérhioffeegbs;conduct i ve
traces of the plurality; 10 the plurality of recesses

¢ k Y )
e mdernesensupstrate peing folded so thabthp at keast fiwo Serpigordyclg digoperably
side of th I nterposer substrate: t t .
Sem conabies s SN EERERER{URRRhA et P ERR N MR gidg o e
pl ur alihieypoRér subsirid!greiovientel elRIbk@RnR4IB] septrithifosed back-to-back
therefrom wherein each senm conductor die is operably
coupl eglationship betwsen pustiensotf thhiataspesensybsiyates
conductive traces by 15 conductive el enents received
in a pattern of recesses; the interposer substrate
bei ng 4 otgle@nieorddiabr deceddssdn@i§ bf Elvn $eWh&eanduct or
di ce operably coupled to conductive traces through a
pthe atleast oo paitesasenmmises theeeqatiesisde of the i nterposer

Ztgg E{ ]rﬁgstt E\gg rﬁgml%grilc?ur&oer %iciencofc’nlf)?l‘g’ésatﬂrteie Ahn¥eoRdREs, diR9 &

wherein the interposer substrate is folded so that a third semiconductor die is oriented in
substantial superimposition to two other semiconductor dice, facing in the same
direction as a closest substantially superimposed semiconductor die and with a

back side thereof adjacent a portion of the interposer substrate.

3. The semiconductor device assembly of claim 1, wherein:

30 the at least two patterns comprises four patterns;

the at least two semiconductor dice comprises four semiconductor dice; and
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rel ati onshi p between portions of the interposer
substrate. 20 2. The sem conduct or devi ce assenbly of
claim1, wherein: the at |least two patterns conprises
three patterns; the at | east two sem conductor dice
conpri ses three seni conductor_gl ce; and wherein the
i nterposer substrate is folded so that a third

e = [ ' 5.subst ant | al .
SR I os il s FAEE S ko BRa B BAfddotor die of the

f aci ndoursetni@ndwdi®r dicki are otieMad asbatkabBa&sielationship, a second two
substantial |l y superi nposed sem conductor die and with

a baérmigpadicieiatiestt thrifoae ssmicendwstar iding ast onidnsed in back-to-back
I nter 919}%@(%}&%%%& raﬁtf’gﬁr V&%@gé@ﬁu&% %%) Erg%gi%r?ﬁrezgglg%ﬂt\%%ﬂtial mutual

assenb ["arm
pat t estgeragpmitiones four patterns; the at |east two
sem conduct or dice conprises four sem conductor dice;

and -31 wherein the interposer substrate is fol ded so

t hat fdrs wo .sem conduct or, . di g of .the u )
oo o & bl ARARE OB SR b oticliins b Jif, wherein the
Ided] edti OmEhiber conReOMedstBne SAPIMGANRAY&GL or dice of the
four sem conductor dice are oriented’ in back-to-back

rel ati onship and all four sem conductor dice are

ori ent in_substantial.nmutual .5 super. pposition.. 4.,
The ocm MSHATACRS Ik euise 2seBInbY o 4w of sy | &¢ & Whergin the
tifkerposaifsa@bsttate ddngprised £Hegible tgpema nmber conprises at

| east one polyim'de |ayer. 10 5. The sem conduct or

devi ce assenbly of any of clains 1 to 3, wherein the
inter r substrate conprises.a flexible tape, 6. The
o oS TRBOR GELEAILT oty Q5epa 3 Mhsgeig the
WoBhRkive Eiéﬁlen@‘%ﬁﬂfﬁﬁtﬂe}’@tseéuﬁﬁﬁ‘ﬁa?lyt%ﬁgél glf HeftRé fthe plugality of

substantially equal to depths of urality o
reqesses @sd amdipatidnyefithé spasedéondinetiwiangs sabstatuiztliy wbut the portions

b s sybstantially abut the portions of the
é%ﬁ%ﬁ@?ﬁwg“?ﬁﬁﬁﬁ%. 7. The seniconductor device
assenbly of any of clains 1 to 3, wherein surfaces of
the at |east two sem conductor dice abut with the one

si de & Theseintoadpaerdevingtastendtigof &1y i claine 1 to 3, wherein surfaces
sem conduct or devi ce assenbly of any of clains 1 to 3,
vﬂ? g??eeﬁq heast t“foe%sgilwﬂéaﬁef 158 é@éé&lthotﬁe Presige of theintgrposer substrate.
communi cate with at | east one opening through an
opposi ng side of the interposer substrate.

8. The semiconductor device assembly of any of claims 1 to 3, wherein at least

some recesses of the plurality communicate with at least one opening through an

opposing side of the interposer substrate.

9. The semiconductor device assembly of claim 8, wherein the at least one
opening extends a length in a plane of the interposer substrate and is in communication

with at least some recesses of the plurality.

10. The semiconductor device assembly of any of claims 1 to 3, wherein the

plurality of recesses include electroless plating on at least walls thereof.



25 9. The sem conductor device assenbly of claim 8,
wherein the at | east one opening extends a length in

a plane of the interposer substrate and is in

conmuni cation wth at |east sone recesses of the
plurality. 10. The sen1conducggr devi ce assenbly of

any of clains 1 to 3, wherein 30 plurality of
recesses.j ncl ude el ectral ess at i.n at Iea
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and grotrudlng transversely from an opposi ng si de of
{HeEPOsh SMsHa%er substrate. 5 12. The seni conduct or

devi ce assenbly of any of clains 1 to 3, wherein the
recesses of the plurality each receive therein one
condudfi The edrgivemtuctot fﬂevi&?hasserﬂh]iycxﬁ lanlja of dainwelvﬁode wherein the
assenbly of any of clai.nms 1 to 3, rther
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some recesses of the plurality of recesses. 14. The
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porti.on of sur ce of each of the at |eas
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any of claims 1 to 3, further conprising an adhesive
el enment di sposed between the one side of the

i nterposer supstrate and the rfa e of e
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the r ecess.

16. The semiconductor device assembly of claim 15, wherein the adhesive

element comprises a tape having a thickness.

17. The semiconductor device assembly of any of claims 1 to 3, wherein each of

the conductive elements is substantially completely received in a recess of the plurality.

18. The semiconductor device assembly of claim 17, wherein at least some of
the conductive elements are suspended over a portion of a conductive trace in a recess
and in conductive contact therewith through an interposed conductive material within

the recess.



