; NOPQe3eNvKdXT6" Tvn -1 METHODS FOR ASSEMBLY AND PACKAG NG

CONFI'GURED DI CE W TH | NTERPOSER 5 TECHNI CAL FI ELD The presg@ﬂ\ﬁmﬂﬁmm‘\
rel ates to nethods and apparatus for assenbling and packagi € and
mul tiple sem conductor dice with an interposer substrate. In 10" g?ti cul ar,
the present invention relates to nethods and apparatus for assenbling and
packagi ng single and nmultiple sem conductpr dice in a flip chip orientation
with an interposer substrate. BACKGROUND ART 15 Chi p-On-Board (" COB") or
Board-On-Chip ("BOC') technology is used to attach a sem conductor die

o et ' SMEARIGRMIA e (T
chip attachnment, wi reﬁgﬁlng W , F 3{;&{@# i % KB) Flip chip

attachnment generally includes electrically and nechanically attaching a 20
seni conduttor die by its active surface to an interposer or other carrier
substrate using a pattern of discrete conductive el enents therebetween. The
di screte conductive el enents are gEREHANICALJIEbDsed on the active surface

of the die duringfabrication.thereof, but may, instead be di.gposed on the
carrier substrat eTIﬁ%reﬁ‘?ngg‘rv 8‘?&“&8 %ﬁé‘? P\?é’_ogf %'?\@ea}?tpgr_aﬁﬁg%ﬁmqﬁlgﬁ apr‘?nut e
conductive bpigkagin@sinbie a8d maRIplERmi@ndi@bi AUSWRR BA inddthdet QUbStrattath 25

di screte conductive elenent is placed corresponding to nutually aligned

| ocat i onk0 of PHERan thepressnt ipyandipn relaes e Brethods andappertusfanassonilinsend di e
d termnal . i . VO <C QUE .
Super | mosedr* HiehESnERahd fuBIERhahuicded 05 d¥EAFRABI RRRE . |

connect ed t oidtdrposeasubiseitesubstrate by, for exanple, reflow ng conductive
bunps of solder or curing conductive or conductor-filled epoxy 30 bunps. A
dielectric underfill may then be di sposed between the die and the carrier
substrate for environnmental protegi@RGROUNS Aopance the mechani cal
attachnment of the die to the carrier substrate Wre bondi ng and TAB
attachnebi techni GhpsOgBoerdal COBEEgi Boanl {On-EhipdtBOOY) taclwelngyaubed tor di e by
its back side tgl t he. surface,.of. a carrier. su stratehwith aPFd Y

appropri ate At#fE syicopdugior die directly £ g cgrieE fybFiLte Sughas A Prnted frrut Bostdii g a
plurality of (<fﬂqm’),vurraﬁsmarrp@sédInﬁ@rb%teﬂ{pyogea hArRefhientBRbeRAdSe® Dsihd Bip

sem conductor di e and then extended and bonded to correspondi ng term nal
pads on the e€hipaitechmegh stiredoading, @itém%Wm@e@h@E'ﬁiﬁﬁEﬁB”Euch as a silicone
or epoxy may then he plied t rot,ect .t he fine wi.res, and,bon ites. In
TAB, ends of net all:tﬁ rca(?eaétag‘érrlern?%%‘e(r)ar%ﬁe{mfhf%ﬁ|eeftg cel‘lrg’salﬂ1 é‘%“i"‘r‘]ag“%%é{ gttagll]%ﬁ as a
pol yi m dgg ar gemitbitiubRd diedy ifdYcliiesuffacoisrasteiposertn vetien garrie substtdty udine 4 he
bond pads on the sem conductor die and corresponding term nal pads on the
carrier subsPaifra of disgaecopdictive plamerts theprherweensh gﬁ%rrz@a?@e‘épctwe elements

i At ur i Zat ket RAREDG S o dBth SLEALE T RAGKAGHAD SRR ohinAlor Bear at ed

circuits are orgoin of the corlrlput er new generations
of i nt egr at ethagiinscdad be dispoked tos the earri@l sebsmt  Thealisvuwvd esndottivecignomenhsy used
to fabricate themtends to, decrease gég t o advanges, i n technal ogy egen
though the fGARPISTEMTEFORIucHKRDHPRN BRSO cAMEs gbvarieys confighisiians: fifchhe
aver age, 7% heyRclefe RRBGANE BRI ﬁlaEé‘d"cd?Fersﬁ&ﬂing%%ﬁ@aﬂ? alighedQ50088Nts for
every product generation over the previous generation”having equival ent

f uncti onal i t poidpdeemetherrlén tisatiionspac Kegemigondustaralié angl teiniihaly o theagiriey

rapidity toward f]lip chip attachment due to i oved el.ectrical. f or mance
ind great er - Sucieats PsRabbr SoRARIRED aie Spfinp iR of R wRiTRLHEST L RIP { hou
probl ems, sugRc@Rally@dih&Rati@RY cbflecRd tdiHeCaRE Slbstr@le®Y! Rr fantyps)d pads from
the mddl e or Eerllphery of a die to a two-dinensional array which, in turn,

may result i meftovang emnguetive bumpsabsoldes g curing eontvdtivalor pendastorfied epoxy

30 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
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20 addition, many conventional flip chip techniques exhibit a |ack of
¢onsistent reliability of the interconnections between the chip and the

i nterposes or other carrier substrate as a result of the increased
mniaturization as well as difficulties in mutual alignnent of the die and
carrier substrate to erect such interconnections. Effective rerouting of
bond pads may also be limted by die sizg. 25 Further, flip chip packages
for a bunped sem conductor die enploying an interposes may be undesirably
thick due to,fhep&edidm&de ReEHERanbok6r SlVE& Br | T $HPESHRIMg, 4 Blufalitgolue tO
the use in conventional packaging techniques of relatively costl

i nterposers Gonpresiradisdigtaly atacbiesctioibped padscorsthy asminenducidr dlesnt then nenber

sandw ched t her epet n., tthe bumped .sem conductor .di e r.estj on, and
Comnbet od-t ooaes apEEoet I SHEREHGRE RERAERRd: S B rtif bR A

i nterposes afidleedrR@hédpsdhht)suPRNesicdde bp%pos@mz thdn Bd'@pﬁ&n@gﬁéﬂeb‘t&hé Ayer on
t he opposing side, conductive vias extendi ng therebetween. Finally,

under f i | 13 ngwires pndpandispiesatln d¥o ¢ndeof eesrdiaserardedoon dilexikla insplating tapg
bstrate w i.el | il i . hy. t
onrel | ani e it 8 pSTARE ald ataBicd B i EBflpiaSeith b FHe Y 1S lehna

def ective aspadstni ths sehiédnidactot diefand 0brrésppatisg fehrinal@adeon tHefcagriek butegatei t h
conventional packages ing¢clude an inability to 5 acconnodate die size
reductions, or "sHighgkeerformancs, Iowse FoshdagrERtes PERjRIEEZAION Of FORNCE Sy er al

generations wh{ %‘Bk%r ?ﬁgg%ﬁ?%&gi@@f’weg}a%dmﬁﬁs deohgliRe gg[ghgsr 5486 E&Hputéls mor e

functionality 1S Inc I'ce, nécessitating a gre nunber” of 1 nputs
and out pl@ s {ndie) , Acieovy gasmtiospefontegrated guictit prodectaemrelehsed) thO©supberad's

l[imtati t f ti | int oo | diti ,
wrth convent FOMBRepRoRSh B T it 8 se il T ot ineRuBEPEL sonbi
is conpl ete, ef@sHbidhbe iMCENBERSDIERSFrofldACRCcRaAe TRE bikatIdliof (B avdifeand

interposer assenbly is not detécted until the package i's finished.” For
exanpl e, Uni thee SappresinRidemtenpeitor, dEzleaseinBegpnenty for avesy paiductdi scl oses a

fairly typical flip chip attachment of .a .sem conductor. die to a substrate
and a et hod Sotereiieal e e Pieyious SEFroion hEuRE P HeRsioiiFy, oi'e and
substrates |n parRe€dat &éndsﬁnhﬁacﬁc@éih%%dh’&li@wdﬁ fheteasin® rapidigabeskdffig ehiglown t o
the substrate, wherein conductive bunps on the die are direct]y bonded to
bond pads onatiddmgpisdie tg irpraved QJecttiend performapes and srpatenpagkaginediedsithe gap

bet ween the ¢j t fi I 7 .tthe gap
bet ween t he ?g&ze?%ﬂ@%ﬁt@%@ngﬁﬁ%gﬁ@ é%ﬂsér%)tgt@@&\e/slh gﬁézsa%%:ﬁ arcyae@??@%rht owar d
an aperture inrtd haosalosboat gds frberthbyniditpel periphersiof aidie tb hawgaiimedsiomalgh t he

aperture in the substrate in an 20 effort to nunimz oids in the

cnder {111 ey SHCRHB Aeney SHURmexaa b Fhe Rl cat s 49
unnecessag i | %ddilioe n%ﬂ?%&WeHﬁ!orﬂPﬂiPtcﬁjph el xHRALRER bf conSStefitelidbity of _
sem conductor die. Further, the flip chip attachnment techni que disclosed in

Uni t ed St at esheRatesnonnéstignOhedvdenghdrthp aed dthiefirftenpbser @s other edriigrubgiratdias a

conductive bu i,th the bond pads on t S trate and .requires.the
expense of higPRg! Wecnired Bt ERaRalfuieRes HERLIRL B AGe SERAERLIST e, 1
woul d be advanrtageauRr iubsirile iO¥ect ARhiRbicBMdctibs. TifdcieFRfing 6f bodS
between a chip and a carrier substrate such as an interposer by achieving

accurate al i @adremty also herinitedibyrdivtizrect i ons, an i nproved underfill process,

and the i mnati f e .hecessi f i e ile
r educi ng% otal as gfliehﬁ@l F&hﬂ)e?h&ﬁacigéeéﬁ%a%ué&egE‘L‘[E/’\AEP ﬂ;ﬁ{cﬁger (%eb%'ﬁéi{)@n% %()Werrpl oy
comrer ci al | yimupbieaiag be whaksirably thigk deito eieccontbificd Meigticbfahe did\and e

fabrication techni ques, and materi al s. -4 DI SCLOSURE OF | NVENTI ON The
present i nvertepAser eThis dsduedo i e ds canventigspkiaskamng sehnigues pbrelatiyelyng

packagi ng i nej,yi.qpal,aqd %ﬁé@r& PEMRIGAREIA hallr S dtildirimERDE! €7
substrate in a WIH% p@ﬁ%}pcw e & gnggeﬂr?gﬁ?g e praesn ntdﬁ\% Avent T on provi des a
flip chip seraciwichedtigarebetween, the bumped semiconductor die resting on and connected to
30 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



5 assenbly substantially reduced in height or depth in conparison to
¢onventional interposer-based flip chip assenblies and with inproved
mechani cal and electrical reliability of the interconnections between a
sem conductor die and a carrier substrate in the formof an interposer,

whil e al so i nproving ease of alignment for attaching the sem conductor die
to the carrier substrate and elimnating,the requirenent for a third 10
metal reroute as well as reducing the time for optlonal dielectric
underfilling_ eof the ctor device
assembly of %uﬁgrat? gétiér‘lfté?‘fcﬁr\llcen ﬁ?emgi i esei%ngéllgp f%gﬁm'%bqngy b arl
senuconduct oghe (ﬂre@er&ﬁf‘m‘iﬂm me@mma\kes wOfrlaﬁg of dercftn&@ @sseﬂbm defiellt @Rot

i nt erposer substrate. The present invention includes nultiple recesses
fornmed from@wessiBesurface of the interposer substrate and through the

di el ectric layer Hief g &‘?ﬁcﬁﬁt%s%ﬂ%ﬁ&énﬁ&na?h&&%&éﬁnél@déJﬁ‘%nibﬁt&gt&f conductive
termnals or traces on e 0opposi ng sur he recesses tonfigured in a
pr edet er 15 negtcommedsteplit dizrnedidiahs, oot sheiakyhaksa gxudm;«ﬂ@tgmlmgryssw ﬁhkmtghe bond
pad, and hence cponduct.ive bB(g{t) ?ttern or conflguratll%g I nped

seni conduct ofVERbENSREANHWERAWE dpYRIRing fexrintespsst festens anmipoling | ’é‘orq‘ or
exanpl e, a 2Rnsidliy 1§fncﬂ9é33iln%cre0m’:c€£ﬂ£tﬁ{g erﬁtﬂnﬂé&?ef ingtts 3hd BltpudD

| - shaped bond pad configuration and a peripheral bond pad confi guratl on. An
adhesi ve el e(rbéﬁst) dcaspaw S@pttmg)vraillcy bdﬂ\@p@ﬁ@d/(bssplmme\temhmmoc@nnldmwe die
and i nterpose %te t 0 _nut e[ secure same, L,-%a ddltl(gn tot bond
bet ween t he %ot?a" 'IO{} GRS a[dg B ES S R TR RACKARTS YR BN 58 enent
My conpry Seusmil padkag g%s&ﬂmyl’lgcoﬁtpﬂété Ghan@ g in WkdeSdlco¥Bdindea diseve Bieldr @ de and
control a vertical standoff between the active surface and the interposer
substrat e anthdinterpasereassamblnismot datespedosntil the nackage inimsheds Fonexasgwlfi conduct or
di e and i nt enposed, U BhAd 8106718 BeBRefiabel bt ALIAGS | BMAY KpichMhigdgipt | on.

t he adhesive e enen assi SOV nor vari ances travel
of die pick- ammbmmaeqmlcpmtormd alsnbma’ﬁ@atcba ﬁl@tfhibd@ﬂdlltﬂk’t‘ﬁlﬁngja gapon the 30

interposer substrate, and hel ps maintain the die securely in position on

the i nt er posRFWEHLSE F%{t“é‘)‘tﬂh‘f:'ioﬁélesaﬂ%@tiﬂé‘r‘?t Ip prticlag | thersgﬁvqoeatqt%rrfh% Beps and

transpor{ati g, ftécpﬁbé)ﬁ'@\vll\ R)cl]"ﬂte b3k, @ﬁg@lrﬂg:'bnduc’t@e ditEpd dd the QR de directl

sem conduct or eV| ce assenbly is asse hat t e conductive ﬁrrps on

t he sem condbmtded talbendayads din ﬁpaqaect surfacehef thegbstas, Wh:clnwvndns theegap nt er poser

substrat e, e rec ein d and.confi e or c ve .and t he bunps
on'the. bunpeberuE 08 A ion oHouFaE. Sje undall ARl A5 Biuief 4 dap Precnie
recesses 1o g@higsidadtor &etah@thetsh@stﬁfetmeapmr}t AGRnbwhidanspeuaendwet or die
may sit directly against the surface of the interposer substrate onto which

t he recessessubsiexie, thergby expieling air &n the gepithreugivthe apartvee inghghbstsatedhan f | i p
chip se o] r_devi v i
N2, ST LSRRI A, S L Pl oo

conducti ve bgtips umdcbssahly fighelcORRMERSduenditalingho @Mﬁ:rﬁlpthe kft@e g@nidotducke bunps
on the sem conductor die to 10 be of larger size for increased reliability

wi t hout i ncr 8i§sFaghernde diehip att%bmgrmteqhm%é giseloggd ip finiteqd Satesiagent

sem conduct o lﬂﬁ@ﬂ tal
reroute on t g?@é‘gﬂ?%}@@%ﬁlﬁ&tgwh E%/mr%% ? ch%iutggﬁ Sl trltgﬁ%mu #lrslgﬁ a tape
i s enpl oyed, thelkabstrateandtreqdred teespemy ofhdving dhird wiesdl aerbutaluh thegabgotaed. el y

received within the recesses, but for the small vertical standoff provided
by the tAbe 15 Théhereieessdwould Beadyantagspus do pepraweithe selithlitefnduct i ve
termnal s alikdeodielidsBetooh RENP §ES SRFcOULFIL QNN oh iRerBUBPEy CUring the
bunps, ultrasonic I ng o? the bunps to term nals, erma

conpr essi on hmimi'lrtggtcairatetaﬁginumsaf ttce lmtbmommctwmahlstmmovddwndbdﬁﬁrprd;cesshaitd]ues
known in the ar i.n b terjal selected, Furth

conducti ve pH?thHP“ A ?wﬁ%ﬁpﬁgl ﬁﬁﬁgﬁﬁgqﬁguﬁhﬁ’ 7 ”ﬁﬁ%‘%§a§$ﬂéh6ed on
20 the bunpshQphiih EShBinkitf Wlﬂpﬁéﬁﬁﬁty%'eﬁ{pléycboq{n%?&ﬁlﬁaﬁ/aﬁehﬁe By in the
recesses. Alternatively, bunps in formof solder balls nmay be di sposed
in the r&esQelsthmdlsonuqoodlwlt@rghmﬂfaboﬁattonée@ememumtmalsj| e with the

i nt erposer substrate, or higher nelting point nmetal or alloy bunps provided
in a conductive paste in the recesses or on the bunps, after which the die
may be aligned with the interposer substrate and attached thereto. In 25
addition to enhancing electrical connection reliability between the
conductive bunps and the interposer termnals, a non-solid conductive
material nay be used to conpensate for any non-coplanarity between the

sem conductor die and interposer substrate due to varied bunp sizes, recess
depths and planarity variation in the opposing, adjacent surfaces of the
senlconductor dle and |nterposer substrate As not ed, an. adhe5|ve 30
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-6 irregularities in the coplanarity between the sem conductor die and the
i'nt er poses substrate. The seni conductor device assenbly of the present
invention may al so be configured with one or nore openings extendi ng
through the interposes substrate at a 5 location or |ocations fromthe
surface facing away fromthe sem conductor die to provide conmuni cation
bet ween the one or nore openings to eachJEf the multiple recesses in the

i nt erposes substrate. This configuration Tacilitates di spensing of

dielectric filler material thr i enings into the
recesses and around the bunps.E#ﬂQLéggﬁgﬁégggggﬁgﬁsﬁgs ngy be substantially
coi ncident with tiFRe prRfdnt givemidnalatds td&eﬂ@aempmmsm&émmg@ﬁ& bet ween
conductive pad or termnal portions of conductive traces extendi ng across

t he recessedpakagiag indbidiel and mulgiple serpispndyctar gicervith a casrigrsubstiateimat e
recesses and . ' { O | : I; fd.set. S| f each
recess beingc%ggﬁgggupﬁgﬂ%*o?béaﬁ&?ﬁg&gypggggﬁ%wggg ﬁ%pfﬁgﬁgﬁggg?

di el ectrig f hdskiablysubsedntially redyceden heightad dept itlcamgdrisyn tododvédi@nilecesses

t hrough t he gaps between, the sides,. of éﬁ§h15 conductive trace extending

over each reB¥¥ROFRa%eH dimeip psembliesan irapreyed maghanisafjand gleetrictle t r ace.

In the |attefp. el A l i I -jnto
the stots 1 oS PanabTR: il EEciohebobehty sl fibetor FRUnEE ohils RUEREN, ")
vertical st atlddbfm bSareinfeimsed while wlse mprbeing pase of aligmneaufos attathengathel t he

sem conductor die, dielectric filler material.na e i ntroduced through a
oot o o hereruRlsY (iR B A caries S B Ad Semisgh e (hert BUE e los it o

regi on ofgt hgepiebr6@e 88 ell @s fddQ¥ing Rt BFbHNAI diflectFi€ RGeS Mfind b LAl t he
mout hs thereof, even if not in comunication with the opening, and to the
peri phery of chipesssmblyconductor die (if desired) through the standoff. This

aspect of the present.invention,substantially,e nces underfill integrity
WhiTe decr easi g proleelr I mARAIUPTISRE s BN R Pl el £
of the presepéndubleN bipedB¥mbos@ucedr didaskéttldeBANtide burkb) & fide, BbWEWitliagCr et e
external conductive elenents attached to the conductive traces extending
from the ter HitgTapssr gihstraten d'he present dnvsptiomiaclpdasaniople secesspstormedfremangg avay
fromthe;gem r gl L.SET r C j .S are
erpl oyediT o PAFRE SElnhBer MGl SRS MR SOBM EL AR SRS,

| evel packagekgestydhthadorm cfadondeativs tdysiimratos tratesronastka nppasingisnrfadettieor m of a
printed circuit 30 b ard..ThefﬁgniQoqfuctor die of the fljip ch“@. )

seni conduct ofS°a¥Gt conligured i PredaiyrRined FOgs PR it egrrenendscubsiialy yity

di el ectric epqaRaHpad A0 hBRleRoh@ctiof bRy, paBern®r LofiRPRRA of thel Hunfpeat her
aspect of the present invention, a heat transfer element nmay be included
with the flipemihoplusionidso il pradetgeninedreaess patidrys maninglude,ifoutxample, he heat
transfer el enent e included on the .surf.ace qf . the.interposer substrate
facing (P8 S hanutS et iond Bad Poetiyinh de Tspt oo ST aHRT of o
or the back ghdlgpéipheh®bondid anslisianr die. Such heat transfer el ement may
be used to | ower the operating tengerature of the assenbly as well as to
prevent thernal fAniaghesiveripment may opppticnally disprsed beweerethie semigerdagislr Wicof t he
i nvention may, _jncl n ne senic di riially
encapsul at edxgae'rrﬁgeéﬁ%sgﬁ%{bgyagit%,%ggur%ggggﬁ Sémg’nlgggés{ﬁig'g{oe%{l@gpngg%%’ %r}: Sr die.
10 The i nt er posductisatasnpsaing termidalcorpraesse Mheiadhesiviei efementimap benprise aasgenbl ed
with a plurality of senuconductor dice at a wafer or partial wafer |evel,
wher ei n & wabayingg thicknessqawhighmay beysed fginsgyide adiroairpka vestical Handdiil at ed

sem conduct o I | : I P | r r
substrate w 'Itb ﬁ%ﬁﬁfnﬂse sdgﬁ‘ge: %gﬂgg?[{adr%g }rg%%ef g’]bgtvrv%% Iérr?d Eduléangﬁggggﬁ}pﬁgﬁzg gsses
formed i n thehd aitaclirpas ef tieubmicoadetorfdid drarintertoseri sabstrmes/asbweelllds fakilipidnps ed

t hrough openings. in t _intezggser ubstrate, after which the wafeta?r
partial waf efeRil. MR, die adfipuye SRmentaspisisdo dpsoug TIRPILVAFIARASY INGIRAYC | i p
chi p seni congyctiQ aleNHCeBASREbiphnt (KRG APSIHLAT deilIMBYUctBEdiRSh iy med at

| east partially at tﬁg mafgé |g§ef aﬁ% conpﬁetedf i?ﬂgegirgg, after being
di ced i nB0 i mierppstmahbsyete] emhithipstnugintawmsbadik sesretihim riosition posleringriwser at e may

be fabricated froma flexible terial..including a, 20 flexible dielectric
member, & cortireeie R ssraden andling BSOSt AR RPRPATEA B PRE member
and a sol der 1gR&8n RVAotlene conductive nenber. The flexible dielectric
menber may conprise a polyinude |ayer which overlies the solder nmask with
t he conductive nenber therebetween. The conductive nenber conprises a
pattern of conductive traces fornmed by etching of a conductive |ayer
carried by the flexible dielectric nmenber 25 or by printing traces on the
flexible dielectric nmenber using conductive ink. Trace ends



may be enl arged at the intended | ocations of the recesses to define pads
for the termnals and the traces extend therefromto enlarged bunp pads

si zed and placed for formation of external conductive elenments thereon for
connection to higher |evel packaging. The recesses nay be fornmed through
the flexible dielectric nmenber fromthe surface thereof 30 opposite the
conductive nenber by etching, nmechanical drilling or punching or | aser

abl ation, wherein each of the recesses extend to a termnal of a conductive

trace and is sized apd configured to, receive a.conductive bunp of the
S Conduuct or i eTHD SHpe OB B RSERPPAS RSO HbyeLB SRR thal | y

i ncl ude anot Bighpdé the seRoRRRE Ald 248 disgokel il MREFQRMeORMed [Hans Widips@: Oof the
flexible dielectric nmenber to face the senmi conductor die The interposer

substrat e of subswatpythe eevessenbeing $izad and gonfigoedite recnivesuid dlie ymbpsronithe er poser

substrate majerial s suc S BT.resin, F | am nate,. FRS 5 | am nate and
coram os. 1 ok Eptetiudt i W hChbRashPruBEl PR g oesies o

seni condust othatighéiabBverssfacdbnthé SeniiBonatiedr die ntayGitidirdétly dpameicthé Burface 8frpUL er
or a conputer system In the conmputer system the circuit board is

el ectri cal | ythedramesesaubsirate qiite pdichdhe raeseseonihi Thusthesq siageduciion in the
conmuni cat esp Abdbeit 1ErB}Gﬁ§esn ¥bfigh e Ucile ULRUY rENeGS cod@afdfipT | Cat Ul es

and advant ages®of rnvention w comne apparen 0 those of
skil'l in theindérpodehbaned lippchipaserdsieaduoto thé dispesittonsafithgcahdactivepuimps, t he
acconpanyi ng drawi ngs and th ppended cl ai ns. BRI EF DESCR| PTI ON OF THE
DRAW NGS 15 WHhinghe ffée%?ﬁe&h*q?‘éﬁt’%FPfébFn?ﬂ"dH%&Ve\th“ﬁs er Hersgmprapdyctar dig oy

poi nti ngy@ut oS Ll A PoccTon i i : sent
vent o RE DA eE oy Rl A, Mo hd ol LSRR of PP Or e
fol | owi ng degerlipthipseroiconduetor deack assemiijp ehile saudingithemeg¢difoc titiird metah t he

ing drawi ngs, wherein: EIG 1. implified.t i f
"t or posar | SURRF o e sefisopShdir bt dvefidaePhE ameat b Riabp Syiriplos?y,
confi gurat i ofhea®RAIHVE Juhfs MBEstAINRSARtadtANE B hBtelyFb&eivel Avithtn b faeiski ed

bottom vi ew of another interposer substrate design for a center row
confi gur at i ohutdetthedmal vesicalstandeté peavided by dhettap; FIG 2 is a sinplified

o ooe oeph! el e HAUIIER: TN SIS F PR B 36 o
4A - 4C i || usbtt@heofriie ratbSePBSRowinRIhd Ringpsatding thebuigsh, Okrafchidbonding of
the bumps to the terminals, thermal compression bonding of the bumps to the terminals,
or by other techniques known in the art, depending upon the bump material selected.
Further, a conductive paste or other non-solid conductive material may be provided on
20  the bumps or within the recesses prior to disposing the bumps in the recesses.
Alternatively, bumps in the form of solder balls may be disposed in the recesses prior to
alignment of the semiconductor die with the interposer substrate, or higher melting point
metal or alloy bumps provided in a conductive paste in the recesses or on the bumps,
after which the die may be aligned with the interposer substrate and attached thereto. In
25  addition to enhancing electrical connection reliability between the conductive bumps and
the interposer terminals, a non-solid conductive material may be used to compensate for
any non-coplanarity between the semiconductor die and interposer substrate due to
varied bump sizes, recess depths and planarity variation in the opposing, adjacent
surfaces of the semiconductor die and interposer substrate. As noted, an adhesive

30 element 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



recesses therein according to the present invention; FIGS. 5A - 5D
'l lustrate another interposer substrate and a nmethod of form ng recesses
therein according to the present invention, FIGS 6A - 6B illustrate a first
met hod of nounting a sem conductor die face 30 down to an interposer
substrate in a flip chip type sem conductor assenbly according to the
present invention; -9 FIGS. 7A - 7B illustrate a second nethod of
mounting a sem conductor die face down to0 an interposes substrate in a flip
I

chi p sem conduct or. .device assenbly accqording tg the.present invention; FIGS
BA © 8D 111 uSTSEUREIS T K P RBEHY e e Mg HIE BETE U PEIE 1 ace 5
down to an i giirpeses substrate in a flip chip sem conductor device

assenbly accordi n% to the present invention, FIGS. 9A - 9B illustrate a
variant of the thilheisarteanductor devingrassemplyaofsberpiesend inventiondney flsede down to an

' b i fli hi ) d ' I di
Lot he pr eserrHGErrRR o gidks BhbregS SRR UFbUn PGB RS SRt AP Rt e o

t hrough ag opgaibidigori16cationg fibra tROSeRcSHbaE bohe from the fdniPorlitier 8@d conduct or
devi ce assenbly. according.to the present invention to fill recesses
therein; FI GProvidejcomguinicatinsbesesnibe pag prygors apeningoiocaeh of themultiple o 1 p

chip sem conguelor inqﬁé{iig&?p(ﬁ@[i%ﬁ%ﬂﬂe.aﬁﬂs %ﬁﬁgﬁgﬁt@ﬁ Et;ﬁctgﬁatfeé i pe(l\’lg.hg 81{ cliielect ic

sen conduct or gew ce asse accordi ng resent’ 1 nv onto
anot her subsfilatmatetiahttsalghahe bpdnirg; orfeip&inginid the sécesseeandaarcuristhe baopd. onal

si de view of F'Fg flip chi sgm’ co duci}or %ﬁ\/i ce .asse I%e wn(}Jl ulqli ng a heat
transfer el erBhPPHEEH FPAYNEINBHR SYPHaIRLY CONEAent oyt gurat

10  recesses and comprise gaps between conductive pad or terminal portions of conductive
traces extending across the recessed or may comprise slots over or laterally offset from
the recesses and in communication therewith, and if offset, a side of each recess being
open to the slot. In the first and second instances, dielectric filler material may be
introduced directly into the recesses through the gaps between the sides of the

15  conductive trace extending over each recess and the periphery of the recess wall
adjacent the trace. In the latter instance, dielectric filler material may be introduced into
the slots to travel laterally therefrom into the recesses. Further, if a vertical standoff is
employed between the interposer substrate and the semiconductor die, dielectric filler
material may be introduced through a slot or other opening through the interposer

20  substrate in the center region of the and caused to flow therefrom into the recesses
through the mouths thereof, even if not in communication with the opening, and to the
periphery of the semiconductor die (if desired) through the standoff. This aspect of the
present invention substantially enhances underfill integrity while decreasing process time

The flip chip semiconductor device assembly of the present invention may also

25  include solder balls or other discrete external conductive elements attached to the
conductive traces extending from the terminals over the surface of the interposer
substrate 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

30 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



FIGS. 13A - 13B illustrate a nmethod of assenbling the flip chip

sem conduct or device assenbly according to the present invention at a wafer
| evel, wherein: FIG 13A 20 illustrates a wafer face down prior to being
attached to a wafer scale interposes substrate of the present invention;
and FIG 13B illustrates the wafer attached face down to the wafer scale

i nterposes substrate; FIG 14 illustrat es;_a sinplified top view of an

i nt erposes substrate having recesses therein in an |-shaped configuration

accordi ng to the R’lra?lgﬁl@; é{%?h{ eseggngén%‘on,lashéat hgrfsge{rﬁiei?rﬁengm%)léggl ified tOp

0
vi ew of an interposes su%gg?r ate “}{g\,, ng recesses ripheral
confi gur at i oicladabwith thg flipchip serpic@sRblor dexedssembly. Finpartlduldr] the dkdatat es
underfilling and encapsulating a flip chip type.sem conductor_assenbly
wher ei n t he E%nffdf‘é lsmenhimmebsinclug R BF Sefase b e iHerRos SustEal faFiRB RS 1 t he

I nterposes sylgtdah&oRdie, he 55’“&?%?"% oﬁ*tﬂéesrein%ﬁﬂ@étotccﬁ@,fcjr%@agi( e 3EART di NG

to the present 30 1 nvention; Is a sinplified block diagram of the
flip chip typmicaducondiecSoch heatganmidr gleafent hhay o wssd nd lawey gt dperatingt egr at ed

i t t d .10 FIG 18 depict h t
i Prp?e(r:rgm)gt ie{fﬁ‘%%‘fsa“{e’%n8fg‘gé§séﬁ‘ﬂjflyi% e—:saw??xhéh%mﬁ igeow di el ectric filler
nmaterial placemenipe iﬁﬁ%ﬁipmoﬂﬁc%%pl lE!:s\’%rgﬁ ei"hi@@h@vﬁoﬁr hiky [dviEdEA ON 5

Enbodi ments of the present invention w | reinafter described with
ref erence t ouneneapadletedsemigdmipctir dig, agartially engapsuthtdsseompodedtonde tdratfullhese

illustrations are, not tc)c bﬁ éakcﬁn as actual views of any specific apparatus
or net hod ofer{cﬁ%suweéissgﬁlﬂ PRVt TSN, but are nerel y exenplary, idealized

representati ons epd iapesbstiosubRrae 6f B8 pleserd il ehtidn Maylslid b asséimbled ®ER AL
invention than m ght otherw se be possible. Additionall 10 el enents and

f eat ures conpirpliveafisemisondistor diggiah g svafer @i padial wafgy thlh\sxe’s“aiﬁ@ WaleRei call

desi gnati on. . i G Jy: } . i . i oser
substrat e 1167 ayieterfih s fuBliRot Ry hER BhEdieBYafle ieflubRERAPE T,
to, a flexi biewstoslhkeadized inhipokernalystiateciitid Burapstirethe svafar or patist wafere menber

111 and a protective sol der_mask 118, The 15 dielegtric suybstrate nmenber
111 may defi n&r&eﬁr‘%fecgwﬂrfaegeflilfé%wmei W@F%Bsﬁﬁﬁlefs@%’ﬁ‘%ﬂé‘w 10 and the

sol der npgsk ai},?engaxvthﬂﬁlgisl t@ﬁggng%%%qm%%m%@bs%& fred A8 CH {P\E%aﬁé?%‘?baﬁi'dps'[ rate

110. The interposer su e 110 may be forned’ er om any known substrate
mat eri al andwafsr padeihterpdstrysubsiratechapbe diogd int/individeridhpclip semicbediictsire
l'am nat ed po('ié/vrircﬁrasgelﬁlblies. Encapsulation may be performed at least partially at the wafer level
and completed, if desired, after being diced into individual semiconductor assemblies
The interposer substrate may be fabricated from a flexible material including a
20  flexible dielectric member, a conductive member, an adhesive on the flexible dielectric
member and a solder mask over the conductive member. The flexible dielectric member
may comprise a polyimide layer which overlies the solder mask with the conductive
member therebetween. The conductive member comprises a pattern of conductive
traces formed by etching of a conductive layer carried by the flexible dielectric member
25  or by printing traces on the flexible dielectric member using conductive ink. Trace ends
may be enlarged at the intended locations of the recesses to define pads for the terminals
and the traces extend therefrom to enlarged bump pads 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
30  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



20 polyimde layer, such as UPIL.EX, produced by Upbe Industries Ltd , or
any ot her polyner-type layer. The interpoer substrate 110 nmay al so be nmade
of a bismaleimde triazine (BT) resin, FR 4, FR 5 or any type of
substantially non-flexible material, such as a ceram c or epoxy resin.
According to the present invention) the first surface 112 of interposer 25
substrate 110 includes nmultiple recessesgor vias 120 formed therein and
havi ng nout hs 120m openi ng tkereonto in'%\ presel ected pattern and of a
predeterm ned .si ze .and shape. The muliiple recesses or. vias 120 each

el ude. a cgableeel@ie HOgpe i isapibbBh Gp iR s Pluckicdipnaipyes
conducti ve padsthereoh@iei thakwfake 3f thedlekiblelidlatiiembaberito fRkiy conductive
pads 126 on a | ower surface 114 of interposer 30 substrate 110. Such
conduct i ve pemisondgtarghe pEhedptseroseftsubitiale ofi theprepsit epmsiondasyclssttieve pads or
termnals 1 i I neof or re
I o g S S T S R S

| ocati ons lardihate ahdcahmics.of f set and renote fromtheir associated
conductive pads gr te{lrri nal s 41&?2 and el ectrically connected thereto by
conduct i ve tracesh 24N aRfRhOf the present invieptiqgy Hledhp pipp suicondystondpyiss) e
recesses 12Q:Qn@iyi0ri¥RAkel fo b BRcUit Y RIPRICDNPURS b ;ﬁE&né\i‘th dyStefd InBHESE!l ect ed
pattern to correspond with a bond pad configuration ormgd on an active
surface of aomgnfietsysttnt ttlyr cicfuit boand aneledricadly benretted the drachsspedeviceRdrich

exanpl e, FI i icts the multiple recesses 120 in a centrally aligned,
single row (%fﬁ%lcgﬁr)%&'%‘r‘fmf esiWlb?'ﬁagtgéﬁglﬁ%§?£a§t%‘Qﬁ%g].ewgﬁch configuration is
nmade tojgorr esposihafehtddel asdladvantagRWIBRDreRM 6 ndbE WAl bétofeRpyirad ta
centrally aligned, single row bond pad configuration 10 which will be nore
fully ill ustth@p@ﬂslﬁlérr\etgﬁ@érthrouxlheﬁorplde@ép@@f %@ epaiingedeseiption, thay of exanpl e,
may i ncl ude - . onf.i i (FIG 14) or a peripheral
recess conf |ag€(}lﬁaqalﬁgﬁg?%l“;d?ﬁ%§§tﬁ%% L%??fa%rﬁgéq present invention nmay be
adapted to any recess configuration to match with a any particul ar, desired

bond pad configuration | 1] tipler s 120 may be forned
in any suitable shape, s ﬁﬂ%sﬁégaﬁﬁé%@%&‘f%ﬁ%?ﬁﬁféﬁd circular, and may
i ncl ude 15aper ed syfle twéd&iﬁéai&%hcna&@fm?atm@mg??r%ulwﬁmi@fo& by recesses

120 are larger than the bottons thereof. be observed in FIG 1 that
conduct i ve tdistioetly démirgxthanvhichieregasted as e pt@@ntanekntiay, thpadventagésyofelis end

t her ebeyond,, if.desirged, for dhesi.on .of ctive t 124 t
e T A S R St e N e A Ve
conpl etel y qmy&ﬁurtchsnMhttmc@é]?&@ﬁ@ﬁmngs?%@fem: as depicted in FIG 1, may

be narrower than recesses 120 at the bottons thereof so that gaps 121 are
defi ned on one oFlGo! it asiimpldied o WaW G £ inscrpesgs substrate hayipgresessosthergis

i npl i ed,gbo i t i C . r_exanpl e, conprise
copper 3@ a\{rggﬁ%ggr ré%;{ﬁ éd n%ty?/onbz{ecggrgﬁgrt%etgo}e{éﬁ%m\é%ng%’ct ric substrate nenber
of UPLILEX, BT redil@, 1AR simplified BRttdmlIview ofadnetheainedrpéier subStraie dedigrefor aubstrat e

mat eri al s, using adhesives as known ipﬁbt he art. ] n sone instances, the

material of CEHE OSHERMESTRFHOR peEOEUNG QN GRresh BWERHONY | ammi nated to the
substrate in theggrmsafs; ] S e ; e
subtractively forFfIrrgd S?dosrlﬁﬁ?lﬁgaggﬁs%Séé(ﬁovg%gtﬁgét : lé"gsl{%gr?gzl{%%ﬂgﬁ GFﬂ’rt her,
i nt er poses subst FAGe3 kkOsimplyfied|cswsisentiond sidarviesprke algng B I sHd@n1j n 30

broken i nes) for in thereacross, the opening 130 substagntially
extendifg al ong ﬂ&’gn%iﬂf dgi'ﬁfﬁfra@)é‘f‘é?fFTPBFertsﬁlé“ré@r?t"aélW%}#%f?ga%l‘{‘g single row
confi gurati QRoeQfes tilpeiMddotdth St RE BRI&R inkeRidnf Om one end of interposes
substrate 110 to the other. eni ng 130 nay -12 be fornmed wholly in the
mat eri al of di el d36GRi TA siDdllysttte anethbeintetpicker sbstragy andasmsthodwof foyminge br oken
|l ead line fromreference n n FIG 2 and the broken lines and the

nme 130 ir
br oken Iead'F?ﬁ%”f?%ﬁ??%?é‘@%&gkﬁﬁﬁﬁ?ﬁwwf§6”¥n FIG 3, be forned in sol der
mask 118. O courges ©ReBBNBustr3f: Myt M&hdPHMBOuMRIRAL hisehlchndttsHdd R6d ri C
menber 111 and 5 partially solder nmask 118, as desired. Opening 130 may be
forned 38 aldogm talapitjerpaser spfstraipde a flacdipstype pimigenduetop pssembly accardigg dpe
peri pheral . [ tter illustrate opening 130, FIG 2 depicts a
cross-secti3H§Pg§?%ﬁVng€h along lines 2-2 in FIG 1. As illustrated,
opening 130 includes nultiple segnments 132, each segnent 132 extendi ng
bet ween separate individual recesses 120 of the nultiple recesses 120.
Furt her, each



10 segnment 132 as shown extends al ong the axis of opening 130 to a side
portibn of each of the recesses 120; however the segnents | 32 may extend
and be positioned fromthe opening 130 to the recesses 120 in any suitable
manner. For exanple, and as depicted in FIG 1 A opening 130 may conprise
a slot laterally offset fromrecesses 120 which are thensel ves defi ned
between fingers | | if of flexible dielegtric nenber 111 which 15 term nate
at opening 130 As shown, conductive tracés 124 extend across openi ng 130,
and sol der mask coyers &h j thereof f] iLn eni 130
and providing anﬁﬁﬁﬁaﬁéédﬁ3Eﬁﬁﬁﬁggﬁgﬁﬁéﬁﬁﬁﬁg°?§Eﬁﬁﬁ&figﬁﬁ#%@“§§8@?§%F|ing
pur poses. Taddvi folwrintetposstsubdttoipartlip ghip Sémicbhductod dedic@assémisty acedih®nal
view taken along lines 3-3 of FIG 1. FIG 3 depicts opening 130 extending
directly int% thherepeagpyetionjoo, 20 i e., into the plane of the draw ng

sheet . Such openiyigs13Q Ish MIQHRe AildaNA% Bt halhihale sthlbily ARl Ehod han ¢ he

recesses 120, however, the opening may by sized suBstantially equal to, or

| ar ger t Isan, ddvretol antisteglosen sdbstracd intaHBp clip sasiesndl2dr dEVi€e asSeralilg acodedingt S
conductive padﬁ or termnals 122 at the bottom of each of the recesses |20
i nt er connect@d"t AesHGHVEH M uct i ve traces 124 with conductive pads |26
exposed at the 25iGRVWORA -IH ifi|aGEateld Garttint b18e tHHIGRARSEEF oRhpat e 110 through
sol der mask 118. FIGS. 1 and 3 al so depict an adhesive el enent 116 di sposed
on the fi rstsemigondesorldig fagk dowe to an intgspeser subgisate ima Bipichip, se®icondugidresi ve

el ement 116 %sk%refﬁﬁ bIX IS ozed on g,goriipn of the first surface 112 of
the i nt er pos&Vios 3EEMPRACqriie R Jye preseatinkention, it separated from each of
the mul tigpl e recemer3o ﬁ%trat@b&s%di@iﬂgﬁﬂﬁ el erendh ahldpenimy i iaftypssbi t abl e
adhesi ve material as known in the art, such as an epoxy, acrylic, or other

sui t abl e adhwibtiase inrniip shinsemisendycieredevice agembly asenring s the\préspripvention
limtation, .M ape bearing adhesive on both sides thereof with

t he -13 ex%ggﬁg&%g%gggéﬂ(facing away fromdielectric substrate nmenber 111
) being covered WIQ 1ailsehtesticdpsulBing asemicaydiictdirdid ih adliheiipnce to a

sem conductor die is required. Such adhesive elenent 116 is preferably, but
not |imted tegicoptugondgionastenbly andattarfingthe fip dip spmieqnduetar feviator o det ai |
ater Nefsel NssallesicVstafil B prbRi e BORLONRIN: Qul AN POIR: BRI SPacer
bet ween a sem conductor die a é I nt erposes substrate 116 to provide a
vertical standof fFithdedbstrafesa coxss-sational side viewha! adip clip serhicominietar idevicef
conductive bungi car[iediaﬁ t he ﬁfn?conductar die%%nto recesses 120. FIGS
4A through 4¥° By feluging, BLLansiFa e CHEY AEOIGHEdC £ PRSP HIMNG P Re recesses
120 in the upper pprs 288 -438 idistiaftl LHAASE S KMt Hip Chiplsbiacofdcapi Ct s
interposes 10 substrate 110 including a dielectric substrate nenber 111
havi ng a bot d@kaegsseenbbit dogerdingyte the prespntingentignatip ates lavale pmboreina FHO al 3A
protecti sal der mask. 148 for r. j er . e di.electric
Sunstr at s nedbbf e e g SR Y Bk JFa R R ol ool Pl
above- descri bfrtle presesit lventicnTaMBFES 18BliMusBatesBieavifal at@thdddhoe dovdeolthyer, but
may al so include a substantially non-flexible material. The bottom
conductive IH?@F“W@‘T%UﬁF@F§P%E$V copper, or a copper alloy, but may be any
suitable electric I i.al . i | ayer may
conpri se conducti@%i¥?gg§§%%gh¥@¥$gﬁgﬁﬁgh%%§€£3ﬁ&*5ﬁ§b%p§§%§%g§% or

term nal s 12&cesseh themwihlin an V-ahgpad sorfiporatioe acdor@ingjo thEpedsetdmatngd,ve traces
124 may QF f or med %% na?king angggggring_a bottom netal or al]loy conductive
| ayer or% al t er nab i\ dPylustrRs o5 o4 R iRy ObRN NSFRASE %‘9“5\‘? iy using 20
conducti ve i flessOf th&lefhSh WipefiphePdl @Gﬁh%t]'ﬁ%ﬂ)ﬂ bt di E@ﬂfé.ﬂf&@ﬂﬂn\éeﬂti&ﬂe art. Once
the conductive traces 124 are patterned, the protective solder rmask 118 may
be fornmed ther eovEIG. 1BlilEistrd8s dagrrfillisg shdednegiisniating a1 Bt ahit yperemberndidtdr wi t h

one o < he " SSERASR 120, LR SN R 2 O B ™
drilling or pBsbNePELibslASafe aﬁpa'ng%d A peﬁﬂhf%ﬂ%oﬁ?éd?%n}‘fd&@%inb@o Eﬂ'éf‘présreht_ and

suitable for use with the type of material enployed for the dielectric
subst r at 30 neimvention11. The recesses 120 are preferably forned to expose

portions of one o fraces.1 such_as .conduct.ive pads or termnals
oo At a bot t om BIC-dddh® PERREEr HoqC didtaRos PRGN Ehip W SRiaBivcir on of
each conduct haempIg@f eHe cjﬁ@sehﬁhﬁénﬁah intégtate@tic Edrapiddr sgaadUgGidi ve material nay
be placed, such as gold or eutectic tin/lead solder, the material selected
bei ng conpatible wth the conductive material of the traces 124 and with
the bunps of a sem conductor die to be mated with interposes -14
substrate 110. FIG 4Cillustrates that the walls of the recesses 120 may
i nclude a conductive |layer 123 thereon forned, for exanple, by electroless
pl ati ng; however, such plating is not required for practice of the present

S - r



FI GS. SA through SD depicts a process simlar to that depicted and
described in FIGS. 4A - 4C of forming recesses 120 in the first surface 112
of interposer substrate 110, with the additional of another |ayer, nanely
an second conductive layer 12S, as 10 shown in FIG SA Such second
conductive layer 12S is preferably a copper or copper alloy layer, but may
be any suitable electrically conductive terial, and may be patterned with
traces depending on the needs and requirenents of the particul ar

sem conduct or di ich the interposer substr 110 is attached FIG SB
Goni ove uoper corfibedF Desifts pn perr it BT EbmEttRe & fe een PRl BRe o
di el ectric spasfidvatiRleoRicinter hbteddl blab@es. t he recesses 120 are to be forned

and substantially etched back fromthe intended |ateral boundaries of the
recess nouths . As shown in FIG SC, a recess 120 is then fornmed in the

exposed portions ghcpuRSHEANR MBIRYTORLnrRATRNG BRA £k INGRNRhBIY OF dry

et ch, nmechani cal 't ng or punching or I"at 1 on;” however,

recess 120 may beEhbsdimehtsibf the predgnt amyentid@t Witicheldeosimfiendésbebearwittand sui t abl e
with the type of material 20 enployed fqor the interposer substrate 110. The
recesses 12oregﬁr%ncgﬁ%ﬁ\s@a‘mwaﬂw&éa\wSe}w@@d@sHa ptrod thahthesegflusiestipnsnal s
122 of the c i i i ]

mat eri al nayﬁggUﬁoe%ga e(rr)l\?dgrgét%J %@%&%{)ﬁé@% s%@glrf{églgﬁﬂg%ug'{) ﬁgé{chgﬁgggté%ée%gtads or

t erm nal s 12@vesiohdiub are, merely eretupanyy dedlaye repicéntatgnsieerplayedrexdmbse clearly

| ectrol | af | th 11s of ther. 120 so.th h
Conduct | ve. | SabINGepRE shethiestat veson YA R GRS D5 AGTHLYS vac Bl
term nal g 12deRéntd NI BHRRS CEmoA SBveti the @%ﬂgpﬁgﬁr@ﬁegﬁh fhik GamSkiméfead hown

in FIGS. SA through SD in solid lines, solder nmask 118 may provide full
cover age ovedesighatidmot t ons of conductive traces 124 or, as shown in broken

lines, may inclu erture erdures therethrou far..ex le to
provi de an openi glgdigd%&fc% aesinﬁ%lg{gd? eplﬁlh&%?vsolfagén Srpo%%%gb_usgflﬁevlelstra es 124
at the | ocatinfsoserf suBfirdi€ ¢ BB Pefdrdbly But @bhiahitdds®, a Aexible suystke, Which aahanced
underfill access. If a wet solder mask 118 is enployed, recesses 120 in

di el ectric nmegde a diglectsicsubstigtpgaembgrilh1 and a pnoteqtixgsRldes raaskdd &r The bef ore
sol der k i Q0. i | oyed, it
oy mer oy DO PP SR shimifee FY ey el oGl PSR Rr R YO
sinmplified csubstsats @t aaihtht soldawsaskfl 18 nfaly dsfinenesdoont! afrfan® Ui ofithe aratpdsendi ng
i nt er poser sulgstrate 110 to a sem conductor die 150 in a flip chip 5 type
sem conduct ofubgEdf L& assenbl y 160. FIG 6A illustrates the first surface
112 of inter poseryriReliAabSubdfiél 1 BRSTbERAnEAELAGNY REowS Nk@AdWEIGH di e 1
SO prior to the assenbly thereof. Sem’'conductor die” 150 includes an active
surface 152 amdds arefaaily Eiroled of, by wvaf af exabipls, aflesible laminhted polyimgeosur f ace | 52
i ncl udes '

|56 ¢ nor¥bn. PRI Ert R GUBiRG reneatly D R e bl hatgptiert ' ve PumPs

sen conduct Opolgkhér-thpOlagére The imepbst ShiGhRA 100y Mo tRIthAR of WibBhRleinie
recesses 120 in interposer substrate 110 are sized and configured to
correspond wirtaaing TR FRratRonorohy tyne dioweptansially nasilexible watstelcsuchas bunps
156 of sem condu[(r:‘}coorre e 150 so that the respective configurations or

patterns of f ET8YESL P 'THG conduct i ve bunps 156 are substantially mrror

i mages of each ot AedordiAg tsthe presert ahv@ftionT@isdGirdtldirtale MYoflimemposst openi ng 130
defined therethrough or, alternatively, full solder mask coverage may be
provi ded2acr 8bstratpd 1§ meludpsmaltiplespresses ov wias § AL tosmed fhereiniandgayie | ocat i ons
of recesses i I 1 e 0 . rough
SD. Conducti &légglgrﬁr%@ﬁ?é}gﬁlg%l}élggg%ﬁi}hgg%%l%tg&;?&b%{?gg&r %éanic))rtg aﬁ%n"‘}l t edgutgo,
conduct i ve baid shappi THeansltiple revebsesrosviasl12® emeh aicludk a@bndietidepddi ore bunps 156

may include, but js not 20 limted_to, apy .kno suitable netals or alloys
t her eof , supF?ma‘g‘a# R abpfiomhiseel; The pubietts paga o8 ereBRIZEAFe. or

conduct or - Ti |k &g, RELYIRS (fthEPBc)én ctide g&ldsel%'oﬂyaqgwenaéuﬁﬁ%gﬂ &qht@ré)%@éi PbSn

sol der bunps are currently preferred. The conductive bunps 156 may be of
uni f or m 3har subistate 419.c Suchheondghtive pads 1 2i6medyUsesubstantiaix dingsitle belawocmnduaive a

first materi al i ncl udi a nonconductive materi al hayi ng.one or nore
onauct Tve | Bostas Kt Sof A ForRerist GR SpBEIRE AL LTS 126 ar e

preferably fgapmmely oR dhBu@REipHE BMMhACR pladd af vaRkE pRABARABERIni € 150
at a wafer |ével,” but such is not required. Conductive bunps 156 may be
formed by netal evaporation, electroplating, stencil printing, gold stud
bunpi ng by wire bonders, or any suitable nmethod known in the art. FIG 6B
depicts interposer substrate 110 nmounted to sem conductor die |50 to 30
formflip chip sem conductor device assenbly 160, wherein such assenbly 160
provi des that each of the conductive bunps 156 are substantially inserted
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termnals 122 at the bottom of each of the recesses 120. Such assenbly |60
fay bé initially attached by the adhesive 116 carried on the first surface
112 of the interposer substrate 110. The conductive bunps 156 on the

sem conductor die 150 may then be bonded to the conductive pads or
termnals 122 in the recesses 120 of interposer 5 substrate 110 by, for
exanpl e, reflowi ng the bunps 156 (in the1 ase of solder bunps) or curing
the bunps 156 (in the case of conductive or conductor-filled polyner bunps)

1T en, suelral e rindShmaE RN el e Cg ndERAT P il Bt o

sinplified celegficflgCoheald tNéretyby@bnducses aicks T4 (ewafin EIG. Modmidlkeg and
bondi ng i nterposer substrate 110 to a sem conductor die 150 in a flip chip

sem conduct olinegkvi ce assenbly 160. FIG 7A illustrates the first surface
112 of interposer r at ' i j 1i_conduct or
die 150 prior to ?Eééagfst@%ﬁg?e%ge? ﬁgé é‘%ﬁg g‘llﬁwclj Ia]fimiggg Oggljn%a ﬁ%[;a@?(l) & 6Ain
subst antisal | yregal€sted pateaeoicorespdad ivithicbond pad cdifigardbiofBsrmkd GnaR atihe:

sem conductor die |50 carry a conductive paste 182 15 thereon, Such
conducti ve pidtase 9B samigonductar digiintendled o beattashedhthersio. g orxagplenl G dnps 150
into a pool : i i L i jsng - Or

ot herwi se t rgéfsquggfréiqﬁ%h}:ﬂ Eé&g%ﬁﬁh%ﬁﬁ\?gé%tg%ﬂ cem%ge?’ %lgéltgﬁoe‘g&é)n uf:dtul%\ggpbunps
150. The conthterposeesybasite 11@2Suayconfigiratiten is matle icscarodspdndnantattathoto acut ecti ¢

sol der, conductive epoxy, or.. .non-sol i d conductjve naterial known in the
art. hs showimas sarcostici At iranabEa BReD Biledg v Esn T aed Fanttranon

t her et hr pyghy@fch vl b8 rdad fuM@lidstrdeed her&Mef DR plesOMES pafrEYy W8y Bf OVi ded
across the bottons of conductive traces, including the |ocations of
recesses 120exasnnhe, enayonadude agdsbaped aekend eanfigersperc(FlGo14) aes. pegpharilireesgh SD.

As depicted in FIG. 7 knterposer substrate 110 is nted to

sem conduct oforﬁﬁgraf%&%}'?g%’ PEE ’ctg?lﬂ{f’é? an(ﬁ%l?ncrgayasesaéi%n{%§ t‘ié@f "Wher ei n
each of the Znflpangidh td watchwil ahy paicalas Wesifedbondphy corfiparatiedl Imt o
correspondi ng recesses 120 of interposer substrate 110 wth the conductive
paste 182 enaddiiion the multiplg secessas 12Q mevxbpaamedin ang switably shape suchpssgeaie.of t he
recesses;d20 j [ S ' . i des

cont act _H ¢ rectinktal Sl dRERRP b D e RINEHINE bRl Sk beniBE l C
conducti ve buopths bbtheareessend 2 siedargat thamthediogbms thereof. , their free ends are
30 non-copl anar. Such,copduct.i v unps 156 havi ng t conguctive pa

provi ded t her eon Hd\j‘ntbﬁé’ Seﬁ‘@dﬂ%ﬁggdn‘l?%t GO U%Wﬁ&'ﬁ‘g‘isi ]\22 eﬁ%‘(’&& oyt rF?F?WﬁQ?SI 22
in the r_eceS§§(§m%%Q tﬁ%al{%w}‘&&&ﬂ%@rébe@%&tif@ésﬁedﬂf& ARaREEH AR br deRipEdRed 1N
association Wth FIGS. 6A and 6B -17 FIGS. 8A - 8D depict sinplified
cross- sect i otratesvi2d e disfectictshbstraterraernloed 161. Pordustivepads oo terminaly 1d3dnayondi ng
i nt er pos substrate 110, wth a sem con tor die 150 J flip chip type
seni condg(zt oFOIHB'\‘I'Y% ecogg%tg\fl‘\r%??oq‘% .reﬁsﬁsqgﬁ\oﬂéﬁggwgegm%&bgsglgyEﬁbst rate 110
havi ng a nasfa@éwsansetisy® 1285t e bBRoME ARG MaBEapR 121 QFCAdindBbn ofe
patterned with &Eenl ngs which correspond with recesses 120. The conductive
paste 182 i sof heth sisles ebepndyctive ppdseaidenminale Fge Asiigplieg\abpve, e eondu@dive 186 so
t hat the conductive. e ' it i fath 20. The
stenci I 186 dconSficR el ol PRI SHpirrEAthad bt i BEERER 450 o

t he seni condgd diélecliie subsfateintembehef WRIEESS &1 316, FR 4toneFR Stianipats emtesiahst r at e
110, as depicted in FIG 8B., Alternatively, 10 conductive paste 182 nay be
di sposed?2} nt 6r peeesbsisate pptagialseng adhesives s kaapeinthe gt Insomegnstences the ace
of dielectri ' I ki {1 ' aste 182
in the recesgneag& %gg{th%%éldug%%&ga&@szr{\gy ?%gdhlg%{{"% ﬁrﬁ%&é%g@?%{é g{idﬂrgthﬁnunt ed

t 0 sem condudsrar ofth enfibdive shdeqithe $&es drendebp cubtchetivatyfoamad fibinthd 60, wherein
each of the conductive bunps 156 are substantially 15 inserted into the
conducti ve p&Stdicigoshest, phly ¢eiR%espondi ng recesses 120 of inter poses
substrate 110. AS Ikt GhslpksdlSaiirbRAd0 byl inclfic dntpeRBRANG Lh¥EnRASt € 182
provi des electrical and meghanl cal 1 ntercgnnectl on between the bond pads
122 or t Bace beskits liaen) forhed aothaigatrbssethsioppsing 580 substaniifllysatendiog alohg a
conductive b s 156 are inconsistent in height, i . e . their free ends are
non- copl anar T%Hléaiggrﬁxf%h%{}ﬁ? Bwtrﬁh%g@gﬁar‘?ﬁ&gietgrﬁ nc%ggﬁﬁf'%ﬂﬁhﬁn\ﬁtipﬁe t he

i nterposes syfsekdedlio fdfh e eRd BVnRUSIsYr fhB§Edte DRSO the BEHRRCOREHIRN IV hey FI GS.
6A and 6B. It will be understood, as noted above, that stencil 186 may not
be required if the mass of conductive paste 182 is di sposed and spread into
recesses 120 prior to disposition of an adhesive el enent 116 over first
surface 112. Moreover, it will be understood that conductive paste 182, if
eutectic solder, may be disposed in 25 recesses 120 and then refl owed and
solidified prior to attachment of sem conductor die 1 SO to interposes
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-18 As a further alternative, a conductive bunp |56, to be used either in
coopefration with or in lieu of a conductive bunp 156 carried by

sem conductor die 50 may be forned in each of recesses 120 through pl ating
of conductive pads or termnals 120 with a conductive material such as a
suitable nmetal. Such plating may be effected 5 electrolytically, using a
bus line connected to each conductive trage 124, or by el ectroless plating,
bot h techni ques being well known in the art. FIGS. 9A - 9B depict

simplified c - ' | Vi o) V.ar | v I third
met hod comrpgfoﬁggg%é&]&ﬁhér/r@g %%‘8‘ chtd?e ;l)ercgf)dasr%p%\téa?é "rrltfc)ﬂlﬁ%'?ﬁg gﬁﬁ%gc%%\ [ ngn
i nt er poses stpeerbadienlddd line fnsefdraraduatal 130 i@ FIGO2 kimd the btdken tihésand

sem conduct or, devi ce 10. assenbly 160. Such varjant is sim.lar to the third
met hod as deg\?rqr%‘%‘?ﬂef?aﬁl ling &igm @f?@“‘%@”@Fra&m/‘i“d%lﬁgléﬁrfﬂﬁﬁdi‘Vé"lﬁ%fste in each
of the reces _ torkiRe §ONAUE bé ¥ il di &t d Vb !

unat t ached tgﬁﬁgﬁgé)gg&%ggs@%%gof tﬁggése(ﬁlmggggﬁ%t%? dgelrétzctl?%}g&&%sr lgtlasp%t ed
in FIG 9 phadalosodiesmasle ! Bjapdesii®d. Dperitg13Gmay bé fopabd ®, alignelongenyret al

bal I s, are enbedded into the conductive paste 182 _whi ch was previously
opread i nto FRECYS EesCOREuBEn e Fbapd, perRistls TosEelFEa#10. The bond
pads 158 in LP&imersoC PG UCAdpictd SrodLRkcAb Rl FewdMen AdrginkB2GOPIGICL | N bunps
156 in the recesses 120 in the interposes substrate I10 and then nounted

thereto, as dptirgeddpeningiisincigdes mygple Fegmeantmthic sdchsegaent 432 edending

conprise a sglder wettable,.t oth bo S _| and ¢ ct.l vie p or
termnals | detglree'é s aﬁ%g %C%'V‘guagfecssgﬁsd@togig rinﬂ?lglg RV Seeg?g%l‘. f:lf'%/he\gx’,i 91% al so be
under st oo@l 2@egivit EFIPAshbah @tehdedlonphel wgis bivepdalngrIS0 166 sidaypoition wE edched

conprise solder, such as a PbSn sol der, and conductive paste 182 eli m nated
or al so conpihedeergses 18Bnkpatever the sepmeats 13Adnay extand gad bepesitiongd from thed as

previously d - i r . d 0 t4 156
Fo be used | APF bk BRRrHo fh naipg Maniit E Py SR R AKRIHEY Gre
150 may be f GiGeMA,iopesiagh3®may ecrepréses ski? Gatédaliypofffet fromtrecegsesfl2€ omdbhare ve
pads or termnals |20 w a copnducti v terial such as a suitable netal.
It wWill be méhqmsﬁlﬁfﬁ"g‘@f“é‘i g‘awﬁ?‘ rsolf“g?fgg?ﬁ’fg’ll‘i/‘%glﬁ?tpf’ ”}eH‘%Frhlel LWHiR hat , since
t he bunpgsar rﬂﬂﬁ kdifid 3d h S e ddnRTaPR3ES siizpat e
110 itsef?, the geie%ﬁ\t%%?é?he '1%? i&%g@h?(gﬂgéﬁggg%aict or de_\?i ce a%ezg%bly’ 160
i's mnim zed afheolddranask 1¢® nolect the end3portionytberesbilankinglopeding hEbandprgedingn

si ze than those ,of copventi.on flip.chi sse I.es without increasing, or
even while déBF%‘&QF?‘?Og‘,H’PﬁWé‘dH@? 08?“‘?51&&%{8"‘?% N BHPRYduct or devi ce
assenbly 160, resgbtfifgeriillustrite dpBiife f3E FIG. Bls@rédsGattionaidicve ekamhleng

reliability and -19 performance of the interconnections between the

i nt er poser  slipgt3-A0EFHA.0 . G- B Hepists ppemngl IRG wvtending dinseily intey the ggcesseh B20,
recesses,d20.Ln. [ r ; t ' j t Lgnment
napoct - abtent ot i hesrE o ARy et SuchiRehg Lo A XNER el
because the cadtiyaiailerahdnthpsectssts EHS hbyewt,itHeopening hdyebyr sized Splestdntivldy 5
correspondi ng recesses 120 tq jnSU{e_ roper alignnent %Pd {orope,r at t achnent
thereof. |In &aeAltq.on larggidhage edpigrs! wi e 1eeg356h L $thF I P @tsodlgpietice 112 of
the interpos i I Il Ustihy@chasti®ol82 in the
recesses 120%%%2?:%5%%%%@?%&3@8%@%%& o?g?&r eltlxablce attachnment of the
sem conduct olintelicenrkbc@®througtheondnttee pases 1 28ust cantlective @adsudrexposeti e the

adhesi ve el enent 116 [ qr, t.he conductive, paste 182 .nma 0 .be used to
corrpensa?g f dewey f‘qera]g Lﬂ(%é}ﬁ ‘Pﬁe_ﬂ?sﬂdégit'@t‘?/éﬁ ‘B{P“ééﬁéd‘&rt'%{ﬂﬁé lﬂg'rrp si zes,
recess depths and Fl?d}§._nﬁ£ddtyalY@Hé;ﬁét'aﬁ'ﬂdl&é@ivE'él%m%Htrfl%?tﬁsﬁ;o@éd (;,hﬂeﬁfg&e_rposer )
substrate 110 and sem conductor die 150. As shown in FIG 10, a dielectric

filler mater isatfackdd?2 of therintaippstrepbytateahl 0! fude pdhesive clemertr § 18113 preteyabihe

tional | lied th h i.ng 130 thod 15 ly th
PPL L or -t or Baposedonrstifleh SPERHG® siitiae N2 alR 6wt SRR I e B0 Y 1
di spenser headjaé&ft bubdehardRY floREEded DF BHRMITEBHIE EstedsBOYID. | Thelddfestfel , such as

gravity and vacuuminjecting. In this manner, the dielectric filler
mat eri al 3066 ehmenbél appy bedhyisuiteble tdhegpremptsgaliasdnoyp yethg artasuch anar r ont

t hrough the nultiple.passages . d.in ch. of th cesses 120 to fil
2 ‘space ar ourtrophacdih R SRRE S sBRGis ™ Bs SR el R TSH ORIl Ve
pads or ter mwigost lididatiohhe pellyi@li@ctapt beaking héfesivalo bt sided the@vf with thel f
curing through a chem cal reaction, or a cure accel erated by heat,
ultraviolet light or other radiation, or other suitable means in order to
format |east a semsolid mass in the recesses 120. Such dielectric filler
mat erial 166 provides enhanced securenent of the conponents of flip chip
sem conduct or device assenbly 160 as well as precluding



25 shorting between conductive el enents and protecting the conductive

él enents from environnental concerns, such as noisture. As such, conpared
to the conventional underfilling of the entire sem conductor die, the

sem conductor assenbly 160 of the present invention requires less tine
since the filler material may only be directed to fill the recesses 120 or,
rather, any |eft over space within in thesrecesses 122 proxinate the 30

i nterconnections, i.e., bunps 1S6. Turning back to the third and fourth

met hods depi i . - - i nt .ate 110
descri bed fo%p(égeg élﬁrrliﬁ J:Seﬁ%m%%%ggo@gf}leg@tc S|uﬁc attjetd)gggl?l& ﬁb%&gpcé)ﬁlgﬁgw@r

appl yi ng fil i protevaiverdlause lagertuntil ddhesnse® dtidvadansedit baeqdreds$ash 120 are
substantially filled with cond Cti)i\:rg pasiée.lgz herefore, it is

cont enpl at ed2dhssive elppefild§ is prefesablyrlyienqt imite r%&ghmﬁl%% HEr thighnesh t he

i nterposes SHLYLLAL& ih HbrE BSGT 120G heledh, biResivElelefheRtflayf Mrﬁzglomttﬁmﬁaﬁy not
be necessary. 5 FIG 10 al so depicts conductive balls 162, 'such as sol der
bal | s or Sanyasaspredylbetvesendisemicondurharali¢ ald idt@fhosgrsobstaied] I totpnevidomduct i ve
pads 126 exposed, at second surface, 114 qf the..inter es subsirate 110.
Bich conduct rotea Sandolf wsehaes T or o0 Ratihg frpe RnBrrul BTl bibs

di spensi ng t hgriéd by @k semicBhdRtor YURBintoArdekst@rmpt i on thereof, if formed of
solder, is facilitated by solder nask 118 (see FIG é} and apertures 10

t her et hr ough pl acB@odérthasghdCalepicht peasassibatimay bgaded fop formarg the tacesses
conductive balls 162 may ¢o ) Se. ot her I , . €0 ctive
epoxi es or cg%ddﬂéfl‘%‘#l?&"f %[Lf%aﬁeng%%éfggqrp%ﬁﬁ%nga@at%g#%rlilgﬁohttﬁglrcgsslﬁ%ﬂ)é%%r such as
bunps, cm) umasbsaand 100 idcirding dAelecttib eubsaned ushibee 1 Disldvingk@dt@fecdndadted on or
attached to the interposes substrate 110 and the dielectric filler material

166 has beenlaperdommerern 3 suriies theeraf and npiotestive saldsgmask hiB fosmedpyes dhduct or
die 150 nmy E&%ﬂc%l eﬁ‘.hT[} &%fe&thi@lshly trgfe rﬁé’rﬁﬂey l?pf‘sﬂbrl)éfgllaﬁl&?aql&%lealﬂateri 1,
encapsul ati on appar at'us B W th a di el ectric encdpsul ation materi al’ 168 as
depi cted i n bddbas 1He. abbwe-tiéseribaisttexible [pmirated|polymen eaEsial @t paldgmidedayer, but

sem conductor di e 150, encapsul ﬁlti on rra%eri al, 116131 maé be di spensed .by

di spenser hedQY #521ng G St antiafly ponsflsxible mpjedalyThe pago Gopdpefive Ryerds o si de
or surfage 134r0dbly B&pE Dra o bil&X BASRSY bd z{hytsbf?ab@@ﬁ@ctﬁéall? ebhdichdt
encapsul ati ng the sem conductor di€ 1 SO,” encapsul ation naterial |68 may be
provi ded by thatspiehsThedottomi qondestive tryer mboermpise corstuciivs teicasy 124 extenstingr

nol di ng, or sui t abl e nmet.hod kno in the art. 1t,i ur rept referred
t hat such en@% Stit %ﬁ"l%%twr?ﬁag? P%tle“&%é@lgﬁe?%n pﬁolng%f:t'tvgpflcfﬁseﬁgg%ﬁ? l-‘g|adl’f's)\l‘losg)ucgurface
154 of the sesiduenduedces 174 Maylbdforvbd B maTking 4haletdiingal botfaen medhksr dileyel , as
by spin-coating) prior to dispensing additional 25 encapsul ation materi al
168 about t heonsetiysHayey opfalierativebyyiteoinarge { 3t may ke foomed by pintde UsiBEf aci | i t at e
fully engaps i.Ad the di . El G iCt: ' '
sem condg@t o?&gfg\lcl%%elhlégosf gmls§g%m§b tgség%élﬁ gtﬂ%%glﬁ) VSeﬁrl%ctélér %r?erén&seﬂ%lgt rate

170, such ascenduciivi tedtes I 240 atk ipatberaed] tier prortiiver sohleamdsk MBemayabia foanedsubst rat e
170 includes a substrate upper surface 172 and a substrate | ower 30 surface
174, upper sthereqver- 172 bear | ng substrate termial pads 176 arranged to

correspond and at g £ Lisvgeaal th 021 PRith RBe BPhE QLReSidt [ A5 114
of interposes subgt?@r'gt%\ﬂ%%.&&%g&g%g%, t[}taﬁe ?Tt?ep cﬁ?ﬂg seer:n' conduct or device
assenbl y 160 formed theréd. Bechnecdssasil@alnay baricrmeld dg tpaiteraingyutdzmgeacthenlicab

substrate_170 by reflowing the co tive (sal der) |ls 162 to th
Subst r at &5 pade! §ip or s&%ﬁt%\, geehrEar gl orﬂﬁervgaﬁasef AR SAAYY AL itown i n
the art may ifidn hanaRRlh@GiibBlBemelih thb be GhiniteRBTENARAY Ghhe devi ce

assenbly 160 and the carrier substrate 17 or securing and protecting the

5 i nt er connedielestre, substmte membetuldt i Vde bedesses 18Pare prederetiy foumed to BpGsd 2

depicts a flip chip.semconduct devi ce assenbly, 160 inc ihng,.a heat
transfer el er?gmonig&me’ﬁ{gﬁ%té%\ctes ?é‘éﬁg‘f}bﬁ‘s C@f@f@ﬁ? p%llcgé’rgfﬂgu%bu%rzo%tc?ed over
the first subbaem of dachQbcds§€20 sHdeFdR@RARpIS R BHe18ERioR bPeARGoNdIRE e bdteor
adhesive 116 as a thin, thermally conductive naterial. The heat transfer

el ement 380 herpningd $32, pddippon) condycye maeria dnaydeiplased ypehaasesoldbor aytectipe

sem conduct or. d] ot fi - : f i nter S
substrate 11(51.nﬁ %ﬁosgs %grr’t[@ep"t%?%halisggftga %%Pcly%?(g{]eg at%ﬁg ‘ﬁé‘;&hgtc ?%‘%g%“éer%e g@r;ogt 180
on the back shyfraee13bdndofith the baais 6DN shmtt@iductodié 30 bamasdavith inrRrjuseken

| ines. Such heat transfer device elenent 180 is configured and |ocated to
thermal |y conduct heat forned and generated fromthe electrical conponents
of the sem conductor die 150 and to




15 renove such heat fromthe flip chip sem conductor device assenbly 160,
to reduce the incidence of thermal fatigue in the interconnections and
circuitry of the assenbly 160 and, specifically, the sem conductor die 150
as well as reducing operating tenperatures. The heat transfer el enent 180
may be formed of any thermally conductive material, such as copper and
silver, but may al so conprise a thermal |y, conductive material that is non
20 electrically conductive, such as a thin dianmond naterial and/or dianond
conposite de S t t 13A and
135, the i ntRSSERENIGTRRs. W Ml el of A% AR 126 plf i 70
formed initi@andyctor layemmmhe&omﬁﬁmedrfoee)mrmh by eteotrales«sqﬂatmgnl\thwﬁve]r siehf er
carrying a pluralit u ngul at ed sem conduct.or 150 apd 25 then

si ngul at ed oli’a%’é%déf‘é‘tréﬂ“‘éqr‘}tfje‘igé%‘é“é Fhe R5gseqt gy ting E:%"ad ﬁsr?g%w'ﬂﬁ’e

i ndi vi dual fidgy. qblaadam&eﬁ@yﬁa)%e FeMLERitRERSORbLES 1360 whith et herein,
the term"wafer"” not limted to conventional Substantially circular

sem conduct osmalief kattonh 120bexSush thpeting may bé easiy elestddasinghsitropicestéhind udi ng a
| ayer of senjconducto ter of sufficient size for formation of

mul tiple di cEHHBEEEH fé‘b‘?ﬁ)asses portions of such large scale 30

substrates bearingraulgA ﬁir&lgfheﬂl) Qémﬁy&?bﬁfceﬂ'sﬁﬁlar kdtHRBAdpiGed Bld: deEér@e&?nA\
depicts a Slgﬁlfl ed cross-sectional view of a sem conductor wafer 25

faci ng a waf B\GSdal 4G ﬁfférrpmgé@ewbéquattbe frspsystace 113 of 1 lnmmmr sabstaaémﬁent
t hereof The uc r 2 ectively i.nchu It| l e
sem conduct ofledﬂwitgqg &Cﬁ)t'onél (ff%mo ralﬁ r’rlga\%l/se(fse %?(r&tz’adlcon}i?c“vg 136'0 €rs 252 as

shown i nidor od@ivnlih FEG., 5 AVhSUichi secdndeondifctive RHE 1|2r5cié prdeesabiy ba@pesmd@ppér
surface 254 and an active surface 252 and each sem conductor dje 250

i ncl udes condlpytavee bytimax bosty supable elestirailycapdushvematerrbandpay Be bond pads
258 on 5 whi | udes a
Frrse sur f neerisTkifl GaceOidRbding BE e b AR g iR B bre e 100
formed in thsa:nﬁ(no*nslhctsudlf:a@whmmi’heantérmqsexmmgsatmsm isattachgd pﬁﬁié@ed;ep(amt

shown) formed in the second rface 214. The recesses 220 forned in the
i er poses. SRSt FRBCDEINT AT AR 18 SRR HBHIPT At SEECrS AHPRISIHE 1 1 o

10 i mageygui t iy i Pherd HBTeER5s 190 AR b B8 foHheBaRE S&Hstahhﬁlydet&@d%ﬁék Rémige waf er
250. In this manner, the interposes substrate 210 nmay be attached to the

waf er 250 vi mteadechldteealibpendatienefithe gicssamputiise Ab shawrsio FlGcEC, 212cess 12Ghis
i nt er poses s bs

f 2
meer oo ni R R bPE shifoshd BorsibfiCo R G nerBe T Tl Henidar ReBieEhuer 0

fornmed in theryighihe meeimakadiiiig cHpandlif} éﬂaie@amtaomaéwévesqaé fecdds 120 0Dl Y
260 as dep| cted in FIG 13B. The wafer assenbly 260 ma¥ t hen be si ngul at ed
or "di ced" abofegmedtilizgepay mepwd @Pwmtwdzwbh Withy |twer@f MR r such

as a waf S i ndi | 410Si uct or

devi ce a@sen%ﬁ 1%2&1 flifp hfeglle;atc Olpérillc?msgﬂé?eolnlg oT'rﬁlll g?r%)‘%ge&géirr(lg %%ﬁduc@%]??& eagg

havi ng the sefmsataductieqiaposesrminils 1 22bfthe téhdattiveteacps ek afterd whielt i on

nmounted thereon. 20 Al so, at the, waf ge | evel ﬁmd as previousl ﬁ}des r| bed in
B

associ at i on #4iipnel esgdugivesateripmppbe placesovenesrposef QORISR e PBASIPS 256
may be bonde yC 0 to,

t her ef ore, g)rruttéc}g’f@%n%o nék gﬁg’%g ggﬁulc %\gelr l%ﬂ??%?‘g{ gg b ?ﬁg{ egggm%%gﬁo u%t or

waf er 250 t opllahng ovafhe rwaskls af theiretessep 02k thatwich aorelu2d@. layen 1au dortacing
dielectrjc fill.er terl appl i t open gs 30 and 25
Conduct | ¥ bEPTIEn SBBe A sVE I ca LS 78 O R PpORE o5t [ Hee ot

surface 214 QfoIGhQD' f)’ls%‘h@@ﬁ‘?rﬁFW%NtH}o%{gﬂlﬁ 1n‘§6lldlﬁfes l%ld@f mhgk ﬁl'SCrhz[}Q the

waf er scal e assenbly 260 or subsequent thereto. 4 depicts a'top plan

vi ew of an i progidedslbeoverags overtthe BatGonhsaof] mgdmvatm@sdaﬂ ov,es shaves i broken

f de f di
bond pac conPGuMat PaHIGA e st et Pebdiabah Rl Bt St RE. 1

particul ar, pperidy B0Of td &podd the LARNR, of%@xﬂi’u@twestréﬁas 245 apebchend opad
conflguratlon wher ei n mul tiple recesses 320 are forned over the upper

surface 312 oicessps Birsuherwishsasrdgsiced3fion enkpapedhyngerfill access. Ifa wet solder

mask 118 is employed, recesses 120 in dielectric member 111 are plugged with a



-23 aligned in the shape of an "I" wth adhesive el enents 316 di sposed on
either side of the body of the "I" and between the ends thereof. In another
alternative recess configuration, the recesses nay be fornmed in an

i nt erposes substrate around a periphery thereof. Such alternative is
depicted in FIG 1 S of a top plan view of an interposes S substrate 410
with an adhesive el enent 416 at a center portion of interposes substrate
410 and recesses 420 fornmed thereabout a?‘n proxi mate a peri phery of

por i pher . otrseedh Refol ab Ok FrPap et JER TR RO A r S o °

correspond %&ﬁlo?ecﬁttbﬁdy&ﬁér’el@'be ldﬂlﬂit@dtddf&g@nchiéﬂiﬂ)elpﬁﬂ configuration on an
active surface of _a sem conductor die. 10 As previously described with

respect to the ceft&ET 6lovPB dense singplified giosmsdctpnal isws of Bdirst meghgdef and t he
peri phery co 4 l. e or
nore openi ngg1 P%H{ aaglg(rgp ﬁdlgg %&é(ﬁsqr M%ts@rtgc?%%gb s%g’g réjt§ 8@%‘60@?6‘59? ﬁ’a(‘th1

t hrough vthi ctype hm&:&ﬁ%ﬁﬁﬂeﬁceasﬁmb’@%@ﬂ FIG. pasilagesesehd fndiunficé NEX¥&f rom t o

each of the recesses As such, ent to nmpunting bunped senuconductor
die to the 1IGTAPNF wéfé%teéﬂi%g'eg% é“ nd fariag dha emeconpeias diggd 5@ P torfRg b

applied thr OHs%'rBBlgghe?gﬁ”'S@ﬁhcgﬂﬂhHﬁ%ﬁ@ﬁﬁﬁn&&dé b cﬁ%%u?ﬁ&@%d%%ol@&@é ect
t he conductive | spose erein i (?epl cts a cross-sectional
vi ew of a seor sofadetifwhessetblagtive60rfacec] Sadnahglea aphmalgp nfibatdgradslil 8 4S0

mount ed face, down i nt .os S Su ate 410 havi eri ral recess
configurati oRea4iRg et?ﬁt“&f‘ ye“ﬂ’?a't“f %P%E@%Fregﬁbp Yshy “8?&1"8('9??‘?%;)%“% |l er

mat eri al 1#62p40) §da8 19@§€§@ﬂh%nﬂ@&or diB 1 PRhrei o Y Ippdseleblie® LoSHgutdtioh] Whe&éin iRt er i al
| 62 may be applied by dispenser 164 around the periphery of t he

semi conduct oreceises k@ongﬁemhw slistraigi 1éD@cet sized anil [cpefiguned tordosiespped withdbes
l[;g(rj?rphérs g:;e rﬂ?g ra% fl g}%%nd tpf‘cl% %r{d\(lgttlvb mﬂrpsﬁggo?génﬁger{zﬁlct%pgwﬂ%g
proxi mate theo ﬂﬁﬂdlue&spmwbwmguéaiiﬁanaadpamtnswfdwesgeh¢2@aﬂd ddﬁddcttﬁ/eas done 2S
conventi onal | y The sem conductor diie 4SO rra)&q‘e | eft exposed or

encapsul at ed bByPehio-ase substantillynmiffaimages of Gaf h%)ASFFPBWF’cF@wéhE’&ﬂ‘sUISatl on
depos &1 1 orey bavtEpdRRRg o datl it dhaRERS) AemIRicly AAPEA Mo math DO orE 1t
is preferred cbmagesmyrbeqmc‘a@aiﬁcmdsdre boetbas iofl condntivetrapy linchdlidgatht he back

surface 454 of the senm conductor die 4S0 at .the 30 waf | evel, or pjor to
di spensi ng tﬁ&atf“?qsl gfecﬁ%ﬂe%”oa‘fs PI@QO%TB'&?F '%"’l@“ﬁ rrF?WrétrtQ%rIf}é ¥‘§(‘:l?rf’?$hg{]% fully
encapsul ating t hecgdh&chvdbumps B% [F Erabt grcom'pﬂset Bhtsarélnt)ﬁl'ixﬂ@éd' t8€contdhictive

preferred that the sem conduct or die 4 I's assenbl ed and bonded to the
i nt er poses shbalist pillare o1 ¢@umns. hThdmatcmai @i coriduetivempips456 nmysnmb@@dbutns ndie

conduct i paste, 18 descr.i A-.9 hovvev this
T er nat P RS P AmE sty € et tratis BeteR i ol SAOUE Sty Y 76
for 5 assenbbi pgldandnisfic agcdnlaactdt flldIyrRers Myhﬁb@é@@%%?e&@hﬁd@%@l&lo
As illustrated in block diagramformin drawing FIG 17

h
semi conduct orndiBY$reseldes bumps 3re pemensly Ptf‘?féff?ﬁr e’E‘EefﬁonﬁWé’ﬁtbP@ﬁS ﬂ§5 oY Eﬁ@cd to a
t b 70,
comput er sy BB AR R RRBILBNE LY pEMIL SSGBR A LBl TR LB 0, | 0

connect ed t o (iaclpdiag esnsrmfondeative maﬁe}al)\tiavm@ oﬂ@oﬁmﬁmhmnd@dtﬁs layeds lof athet nput
devi ce 574 and an out put device 576. The input device 574 nmay. be a
keyboar d25 rrolﬁk"éﬂ“alsdb@'t:% KC@yHdugtiiye twm@éﬁém@féfa lyrfpumedyenthe activene out put
devi ce 576 [ I i sk
drive, or agsyo{%ﬁéﬁz gﬁgﬂﬁhgé é:g%;(%:ug{o(?'ﬁhglSgﬁdtégggag%rlg%é\})ﬁgseuc ﬁbt?équgre&i but is
not |inited WCondactive buapy Direasobe formal i metal dvapadaton, mﬂcudplamgmnedmhr e for

processi ng conputer 15 i structlons Addi ti onal struct for th conput er
syst em 500 |§”P‘é‘éﬁ’dﬂ1’@1 & ROV Rndetss o sHRR)e SRR knowe DA, | As o

further approach @?G'é@ﬁé‘ﬂ?&?in‘té?ﬂos%hﬁ;b@t’%ﬁé@% oAt iddiiuadr dRAIELSd 1N

FIG 18, an interposes substrate 110 nmay be provided having conductive
traces 12@ | dmmnﬁ;pedlptsmaroet\dnctqrrd@wb@a:tsgmrblytlﬁ@r\ehﬁrelbeua’tgas{;mlilyI@bpfev@ds or,

]9 gf, Imca)galbily;, eflil \%\F/c((?ﬁrﬁqgeo(?%\g}zlsqw% {lglﬁg Il%tg arg Is%bs?antlall?y insert 85‘9 ) %ct)rlr(\als%or?dj 1'123 156a

recess 120 of interposer substrate 110 and engage with the conductive pads or



an epoxy) of a mass of conductive paste 182 at the bottom of each recess
120. A dielectric filler material 166 in then di sposed over conductive
bunps 156a in each recess 120 as shown. A sem conductor die 150 carrying a
| i ke plurality of conductive bunps 156b arranged for superinposed contact

wi th conductive bunps 156a when 25 sem conductor die 150 is aligned with

i nter poses substrate 110, is then aligne?gover i nt er poses substrate 110 and

vertically pressed thereagainst as depicted by arrow M the die placenent

noti on squeezin non-dielectric filler material laterally outward so
hat Cconduct IeBatA2 5 2ol O sah drebs Shsiriiake Sehernyace S Kot
Adhesi ve el epmili attddhedBY theddh&RRVIN 6 cBGicd D8 The Mt M £12060thd Rebrp&er desi red
30 In a variation of the approach of FIG 18, it is also contenp?ated t hat ,
in lieu of ugibsigatdiléP.edhe cendpptivedumpsdSana thesemiconientoratie | 5 maptisn be
substrate-to;di dhesi ve i.nstead of usi a arate hesive el enment 116,
a nonconductPR’/néj%'i‘i?l ﬂ%%lﬁ uacg“’% %‘%rﬁ)r?enr "ra'(l)SEl(%r% m%&gg‘ac?slsﬁsegz%i Oﬁs"ﬁf’réoseh be

di sposed Pvegubistiiter PO L Sos eMagipleatelobliy ME bemhpd IOEH iHetaef ofGBldBURInPER oPUNDS
156a t hereon and Eri or to assenbly with a_ sem conductor die |50 carrying
conduct i ve bedE thebympsfad{in the cassof sendygivesr conductoyefilled polyimee bypra @s
substrate 11 . e Hllmlg : b efrate the
nonconduct i vgnﬁflr?]%%é@ ﬁﬁe'? ?%E@gérﬁgﬁa I %@?’?‘i"@%g a%%ﬁ%}a%ﬂthlz%% glr(?éehb et ween.

Sui t abl e nongclomastnid orvtherinal cemprassiande t he UF511 and UF527 fil ns of fered by

H tachi Chem cal , i nductor Material D vision, Japan. Thus [t w.l| be
apparent that the Ff&?ﬁ mQ'lE A R e %FC‘HF’ mﬁh°$$£sent
i nventi ofy Pr QLA ﬁd%mﬁgtrvtergﬁér%ggtg)sﬁﬁtﬁh@g?o RberRchRiEoe dieq88tin 4 Rip chip

conparison 10 to conventi onal sem conduct or di e assenblies enpl oying
dual conduct sengicéralyetor demicer gsemmhlys 160-dFIGe X Arilstratea thedfrktagefateel 1@t r educt i on

of about 90 um may be eff ed using a,100 ~cmthick diele ic er and
ol i minat i ng REBEsR eagaei) Al oifl e Fitne Febpedip o iR Tohefiol B RE

sem conduct OkssehinBly tRYEIT, WMIGH7 Ris%imildd 1 FIG. WA MANBSAMRIEERIPREp&L REdpSi Ng a
t ape di sposed between the senm conductor die and interposes 15 substrate,

si nce the di thercenductiznbwmpy 156 @l thersemigonsiuctop AigUSPicosy Beapdichye pase IF2e may
be substanti c . i ithin t r . ielectric
member . but isreoun SUBL ARG e GRSk 487 m bE R ldiS sy SRR TR R il BT o
connection r ehmpdi 0 ikt 4 Fodl BPE@dactivedaste @82 bebdepdsicihg, iispensifpsorar € i n
contact with the termnals at the recess bottons, either direct I,Evj1eor

through an i AtheFPsRERNsEsARABE corlugHYCRasts 184ite Meronductive buape 0. Zkne
elimnating thgg afs@rlsﬁmgq&&ﬁdé,eba&u@ﬁot- oo Rlufichit bQdr, ERRBERKT ON
between a first conductive |ayer adjacent the sem conductor die contacted
by a conduct epaxyboingmyarod-selid cendactiveammerdvd knevremntthe adl Aschoves solder bet ween

the vi d d ducti ve | h ite si f.th
nter postl s Bl § O Bey Rieanoaping P deghes et RBgher Srtbi i efobligidernyen
l'arge sem CORAUNEESerdte Gy BRpENINA a@rds@ﬂ%o?ﬁg@%fc&fdua%qk&éé, WRIHEREe MBY 25

be rerouted for external “connection using present invention as all
rerouting i slasaviensed resgssen 2@ dsepreviousyodeserntbed iwithaespssicto BOBsA ghreugla®® ng

away fromthe sem,conductor di he present, i nventi.on npl oy a recess
lateral dinensi on”SFeRFSHd Ealr%aﬁr g\‘f l?tgrpfoEﬁI SF?‘F“@E/?CQ;OSIS B‘ng?q at er al
di mensi on or sghiad®iu€for dfe 130 ta SSrACeaii@AdEANASIce \ASseMBITL60t WhHErelle@ett bfithe

facilitating bunp and recess alignment by |oosening required dinensional 30
t ol er ancd®. Fordustivaiyingps 136 penubsiarfializ jnseréeddnisl yiespanding recepsee 12¢af r ecess
using a 175 ,; i - [t 0 I Gl pated, revi t hat
T oo BB e 30 e SHAEHRTHGE.52 Bl QU DL L1
invention. Heuéwv@iterniifald R22Cinlkichdfltie Retss&vied. tWigh thgodrehngémieht atieps used in

conbination with a sol der _paste disposed in the recesses are Farti cularly
sui tabl e as ©eRAUSHYR RASIEE BRPravides| comagovitinthe spadistive pads puderignalst 22 gefidhced 5
state of dev , : flcexi bi | i n: dagt j ent bond
pad | ayouts gér)l'ﬁg |{r$e3 CB{“&[?J\(@H%(?%{JH%{& ]lslgi%;ph%;éﬁ%%fhﬁnﬁ%%g%é%}Jésureweoeg ng£ gfrlreexi bl e
i nt er posd@ subsicoplhware8sacH gondoaveboohps €56 havingrthy asridatiivemstegrovwedsd hei ght s

of various conductive bu nd |l ack of absolute planarity of the

seni conduct ofN%Pe Bt m?@%& to 56 Caifuctisradsf t%maﬁéi% vt Frapsses B t her
10 encapsul afomﬁ'ergbier degiraed 10 af pn%@i!’é”ﬁslgHeﬁhﬂ;edﬁﬁ%&do@i@ﬁomvith@?GQ.%A phesy and
back surface of the sem conductor die by a variety of nmethods is greatly
facilitated, as is incorporation of a thermally conductive heat transfer

el ement such as a heat sink w thout adding conplexity to the package. If an

adhesi ve el enent enploying a tape is used to secure the sem conductor die
and i nterposes substrate together, different bond pad




15 arrangenents are easily accommpdated w thout the use of a liquid or gel
adhesive and attendant conplexity of disposition. Mre specifically, during
sem conductor die placenent, the tape nmay 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 contam nation of the surface of the

sem conductor die. If, on the other handyysolidified conductive bunps, 20
when heat is used to soften the bunp naterial, the tape acts as a stopper
as well as a cushi e e. ; i . < knsadditio t ape
accommodat es therﬁlg%r ?ﬁg‘@a@%'gé@%@?& g@ﬁ?%ﬁc[@%ﬁy\ﬁ%ﬁ 0#%%@ Iﬂ%t«b,\%‘P?% assenbl e
a sem conducpreparihiemaiitinigine bpadifSinspsser Aibetrits 1 1@vithasemicbrduRtdrdlid sokeep
the interconnection or joint together These advant ages are applicable to
both rigid ofaflipgipt@eispnicPpdis d§&lﬁ§e$am@§.169-5FKh?8ﬁq@p}cti WEEPePEY be used

to resol ve | 'ﬁk‘trzﬁé ! E‘?’”Aav?{%a{ %15%rog&?ryﬁx%ti&@%gfécltsizvd%ggme%‘st@nc’?lelrﬁiéc°”d“Ct or

die or at water e cushioning during die attach to the

i Nt er poseés spavstedivath gpenihes whicheyrréspompwith ectessas 120 Bretcohduative paste t&Nt act
of the conductive bunps with . term nal s w thout dappge tp the assenbly.
Fur ther - s el feneaised PR e piepdib EeRaT Ay b e sHao LLLoRe: BF PORUER e of | ow
of sol der - t ypRtCIRnq48dpoNifediH BRch dfMhedcdH& 120C a8 8Rn@F1968k theATeh&VMAr K, as
the assenblies may be electrically tested before refl ow and before a

di el ectric fpridrée aligningabe ceatlugtiv bmpsHE6 oo thessmicentdutondie 1 8 withshd at ed and

T i i e T e e N L N

bet ween fohe idnigdtive paste I8P Elay BE Bispoidd HROT &N CIOWithbive using a isteficicBEp| 1 ant
characteristics reduce the ﬁotentl al incidence of stress-induced defects

due to ther nesingcthe purfage of dieleetrig seesbsr §1 Witseifgg agisaeiht i on. Wil e the present

i nvention has beegy.di.sc . s j enbodi nent s
and alternati vese?]ﬁtgrﬂgeo%o?ﬁﬁﬂg)sega%tglggaﬁﬁ%?ef&g&% Fjlonll:ﬁgﬁ(’g&%r%?s&mﬂl | recognize
and appr eci ainerpdsat subkteate hVEnmbumntad tesefitondoctbr die tl 5€to fRadistmi@osduceel et i ons

and nodi fications to the disclosed epbodi nents may he effected. wt hout
departing fr Cteﬁése%ii’pléoowi?rﬁ@ GaRty 8 FS?P@&S“YS l%'d"ﬁ’éﬁﬁé?"eﬁ“ﬁ?ta@lam larly,
features 4 r OGN i W&dﬁﬁﬂ&%‘/@?ﬁstp%f AR B@rges‘?%ﬁd?ngt @%&squo%@ﬂiﬁ&sssew le

remaining wthin the scope o e invention. For exanpl e, the opening
130 and segneibstsatd 320.dAs previvesly idescabebioiFAGT 9B, the téndubteveqasterl8R pyovadesgned

recess confiquration,in.nterposer substrate 110 i Fl 1-3 al so be
br ovi ded ancHSAAE 861 PachaRiss RerrapuatpaLeeen G boalpsiTgh obirais et Bbber
substrate 31{eaBfuchfe REnpsPITOleYerl BSERSE ofMBLbRIUCAY %J@TIS!S RFEhBHERIent in
substrate 410 in FIGS. 14 and 15, respectively. In addition, the present

i nventi on i sheighitiepheit Eee ensdsare randeapipnaid vEhersagicondustarglig Xty thea beisi ng

rigid a I Lexi bl e | r - . Se, sone
et c28m bR R o PARRL ) ERaI TR AR B RUTE oo
substrates. RIGS. 6AZhd @BAIMEGI\WeaindérStoel adsi@ekdiabovel thabstedilniasd dy s senbl i ng a

flip chip sem conductor device assenbl \é t he nmet hod cogg)_ri sing' 5 providing
at |east onereguingdiibheunass pf endustisginagte 482 icdisppeedsnd saread mipireseseciiOsur f ace,

prior to disposition of an adhesive element 116 over first surface 112. Moreover, it will
be understood that conductive paste 182, if eutectic solder, may be disposed in
25  recesses 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
30  semiconductor die 150 in initial contact with a mass of conductive paste 182 disposed in
a recess 120 in dielectric member 111 of interposer substrate 110 over conductive pad

or terminal 122 of a conductive trace 124,



said active surface having a plurality of conductive bunps protruding
transversely therefrom providing an interposes substrate having a first
surface and a second surface, said first surface having a plurality of
recesses therein each extending to a expose at |east 10 a portion of a
conductive el enent at a bottomthereof; and placing said at | east one
sem conductor die with said active surfaﬁ§ facing said first surface of

sai d i nterposes and disposing each of salfd plurality of conductive bunps

protrudi ng transvgrsely fr.omsaid actiyve surf f,_salid.sem conductor die
into a recess of &} ﬁ"%'leﬁ?’lgelniw?lye’oafc Pg%eé‘sY%%%mB? gg’aﬂ%&)eiug?ag?%‘(%'é‘scogﬁ%gtf%t e so
that said 15viglogindict 6€a Bomgustivy tins Dt cufriddedyl semicaeidterddiavi $0ingy 5&i d

plurality of recesses in said interposes substrate. 2. The nethod of claim
1, further clomped gicagh eftreerssiis g0 spughmpiptingeofeapdustive padses terpinals 12Qivelthe i r st
surface of sajd i r r I : | sposed 20 on
said first s%ér: g([:lgeuvg aggr?% S@r‘i‘% E%ngs‘%é@%‘ﬁ%&%? gﬂuﬁg nﬁkgg%ng%ﬁ%%dd of claim1,
wher ei n Fai delebtihasaliygusingPbislar dhikctddg eseti cbndadtiveeraseitiqoebpf said

sem conductor, die w Id first surface %osaj d i nterposes substrate. 25

th s
4. The net hode ?‘??F a'iam}gl, 0 _P‘"tlﬁ‘élue% %%ws#l _“é‘H"g}h‘_?ﬁ& each of said
conduct i ve bunps sssgd SERSABMBEST ol octlibf 52b oPh VEBhi StinOlbdvecesses

so that each of said conductive bunps Is positioned directly over one of

sai d pl ur al i degcritfedtiiobmsthod cSnpiitimg arfouith dnapliododfgirepatipg wihaméing ambbahding
provi ding said interposes pbstrate 30 conprises f.orm ng sai lurality of
Fecesses t o BERPHUDHTE LEN i Eee SCHEISA e 2Py pateicopdcprgeris
conductipe baeRsoly 16d.esibh variad $s fmildhs tHhie thepto dids AesBribed MWFRGS] 9 S BT
provi ding said interposer substrate COTTKI‘I ses formng said plurality of

é

recesses col dlguovidiag gonductive pastegn eanheofdhe rgceseest 128) expept] thyprnduetiig bumps
configuratiofye 3. REENDUREHhGPR hIVER 190 1889 A8 sdrmiRORRED: GRYSHIW AL T on.
depicted in FIG. 9A, the conductive bumps 156 in the form of balls, such as metal balls,
are embedded into the conductive paste 182 which was previously spread into the
15  recesses 120 of the interposer substrate 110. The bond pads 158 in the semiconductor
die 150 are aligned with the conductive bumps 156 in the recesses 120 in the interposer
substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B. The conductive
paste 182 may comprise a solder wettable to both bond pads 158 and conductive pads
or terminals 122 or a conductive or conductor-filled adhesive. It will also be understood
20  and appreciated that conductive bumps 156 may themselves comprise solder, such as a
PbSn solder, and conductive paste 182 eliminated or also comprising a compatible
solder.

As a further alternative and as previously described with respect to FIGS. 8A
and 8B, a conductive bump 156 to be used in lieu of a conductive bump 156 carried by

25  semiconductor die 150 may 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

30 bumps 156 may be formed larger in size than those of conventional flip chip assemblies
without increasing, or even while decreasing, the height of the flip chip semiconductor

device assembly 160, resulting in the increase in electrical and mechanical reliability and



5 7. The nmethod of claim1, wherein said disposing conprises positioning
dai d conductive bunps in said recesses of said plurality so that a surface
of each of said conductive bunps directly contacts a conductive el enent. 8.
The nethod of claim1, further conprising bonding each of said conductive
10 bunps to a said conductive elenent 9. The nethod of claim8, wherein
sai d bondi ng conprises bondi ng by at Ieai% one of reflow ng, curing,

ul trasoni c bonding and thermal conpressi'oh bonding. 15 10. The nethod of

claim1l, furth r conp di s a non-solid co uct i terial on
sai d conduct P i Bfbricun b Roftoe Bebitet SrUR o RaS % sai d
plurality of sernﬁ@@ﬂaasr dluso TRerthee! fhedeceéses | 20 iMtAdintdrpdsbhfIbsteREPI0 Si N
bondi ng each of said conductive 20 bunps having said non-solid conductive

materi al t hepoyidetan idwrent alipnmgat aspect @b@n@ntayouwrﬂgndéhmcln@smmmnddctnat erial.
12. The net hed. of t 984 non- s
g v1ceas en%l}ynﬁe]cally_lse% po%da&% urrgﬁ ? ¥%5ig é@gghelrzrgspectl\seo 13. The

conducti ve materi

net hod ofs5 cl a:brfﬂsﬁé’nduvgﬂeé&bd% 120itél eﬁbuﬁ@lﬂﬁpé}glhgﬁhﬁlt R proPet &ltaeHREH ThdrdeT.
mat eri al conpri ses: @ﬁOVI ding a stencil having a pattern of apertures

t her et hr ough 'b@ﬂdftlé@p Gﬁ‘?ﬂj‘vﬁﬁle&‘eﬂhl ko the firsg &W@CBIIM afihﬁyn%@o?eécesses
posi tioning Sal ?atétl%‘% l’vel?yse{hegg‘(ll&llctlﬂil 28 gﬁﬁsin ﬁ’ré%éers Gf2§§1 %P@ttas%ﬂ %h

pattern of apertures corresponds pattern of sal ural
recesses; ancospileadr ngiableatlachorntaf thelsendewhdottor diertad es thelintenpesersai d

stenci | and into s | ural ity of cess Wt h read nmenber, 10 14.
The met hod ofY éﬁ%ﬁﬂgzﬁ) herep f'}%dh%%‘fﬁf?q'%qnhgfq ?‘f‘é’é‘?rttﬁ?ﬂj‘? livecaste 4 may
conduct iy byipsdid c&nﬁ&ﬁﬁé%&%y%%gt@laﬁhb'{ dile'tBXraRéd 6&1@6&%% Psf‘z@i‘tré’&ﬁs with
sai d non-solid conductive materi al her ei n. . The met hod claim1l

further conpdémhrapdipandiitygagatein mfthwrfacas@:ﬁdwonuemsarﬁub&mpsslwrmdrted in
sai d recesses t.0 sdal d quCt I ve el enments using said non-solid conductive
material . 16°°FHE Hﬁtto claiml, wherein said providing said interposes

substrate conpri sgas sifvVindHIGI1G Al dilelédaﬁ@ﬁmm&rﬁub@a (cBinthoviytBrnid aheast one
opening in Satlm?iersﬁ(lalc Cr)nrll(gerlal) may be optionally applied through opening 130 The method
15 employed to apply the filler material 166 is preferably by dispensing under pressure from
dispenser head 164, but may include any method known in the art, such as gravity and
vacuum injecting. In this manner, the dielectric filler material 166 may be applied into
the opening 130, move as a flow front through the multiple passages 132 and into each
of the recesses 120 to fill a space around the conductive bumps 156, bond pads158 and
20  conductive pads or terminals 122. The dielectric filler material 166 may be self-curing
through a chemical reaction, or a cure accelerated by heat, ultraviolet light or other
radiation, or other suitable means in order to form at least a semisolid mass in the
recesses 120. Such dielectric filler material 166 provides enhanced securement of the
components of flip chip semiconductor device assembly 160 as well as precluding
25  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
30 interconnections, i.e., bumps 156.
Turning back to the third and fourth methods depicted in FIGS. 8A - 8C and 9A

- 9B, the interposer substrate 110 described for use in such methods may not include an



20 surface thereof and placing and configuring said at | east one opening to
¢omunicate with at | east one recess of said plurality of recesses. 17. The
met hod of claim 16, further conprising introducing dielectric filler
material through said at | east one opening into a space adjacent a said
conductive bunp 25 said at | east one recess. 18. The nethod of claiml,
further conprising introducing dielectrig filler material into a space

adj acent at | east sonme of said conductiVv 'bunps di sposed in said plurality

of recesses -31 e method of claiml1l, wherein said providing
sai d seni conm%rfoﬂ?@} r %rﬁfWﬁﬂquﬁsS%S |20 herause thefecesses|1 § P 2t

material on %hﬁn@ﬁ?lﬁllﬁ&Mtﬂ%@n&ﬂccu\?@;&zﬂtesl%@ qaQRAuGE af ls%ﬁte ?m?e% tf&he met hod
of claim 19, wherein said providing said | ayer of said encapsul ation

material if mfplyeey Biterimatertal theeugh aom)eermﬂg 53 in-thoiaterprpensubisigito b1 @ descdismder i ng.
21. The net ho r|5|n at least partially

encapsul at i n’é‘qg%{hbr% ﬂ?!%tgﬁ\&agtﬁ%cis rHa[yen gga?%sé sing encapsul ation material
about a peri pher yrid. 19aisd &ﬁcﬁ%%&ﬁﬂd&@éll@rmﬂ'sﬂclﬁﬁsts%ﬂdegbﬂﬁ%?'ah*]ﬁﬂtagﬂce sai d
conductive bunps into sai dégl urality of recesses. 22. The nethod of claim

1, further cemndpetiveraptenal l@agroyidadiat she %ﬁnémlé(p9msa1t2iﬁr¢gpwddt‘élerwmdductor
die by di Speé‘%@ﬂ@1?{‘@%}1&&%&&‘?&@&%:ﬁ‘b §u Lon bgﬁ‘sel%& ay, bs%rg'w&ed
le arter 0SlI UC

sem conduct or I On-Gf sard con bups™i salrd

plurality of pxﬁcﬁaesaseusbse@ﬁnt tbhiispemdingoie Gflerahabial 286, amwxﬁiaﬂoﬁ&iefkoﬁtlf | east
partially encaps‘g fa;[;l ng .sai d. sem conductor die co&rl ses | eaving said back
8 B Gae F

surface of storgedehsoldsds faciitated by seddes ppsi b &) Aed #MSEUEB claim 1,
wherei n gy 'ﬁx@tserthrgﬁ’%ﬁblgésur ﬂB@ﬂ&Hé@féoﬂgu&i@hgry of60$a| gﬁntsgrcoth? ctf@NPri ses

encapsul ati ng sail ace and a perip sem con uctor die.
25 25. The nedllhdd2 ufayccbmpmezxther\nmermﬂs;\sxmhcaapsmdmtwm@oms dr badkcterHfiflate and

ts ?gﬁ S]P :; | phe@/ Of hd ngysq%?}pglgagt grt s%ape%l such 3 f?ﬁ.%ﬁsCE&d bgl angdI learg Bhce t}%;[ g,

conductive balls 162 are formed on or attached to the interposer substrate 110 and the
dielectric filler material 166 has been provided (if desired or necessitated), the

15  semiconductor die 150 may then be either partially or fully encapsulated by an
encapsulation apparatus 178 with a dielectric encapsulation material 168 as depicted in
FIG. 11. Inthe case of partially encapsulating the semiconductor die 150, encapsulation
material 168 may be dispensed by dispenser head 164 about the periphery of the die 150
so that the back side or surface 154 of the die is left exposed. In the case of fully

20  encapsulating the semiconductor die 150, encapsulation material 168 may be provided
by dispensing, spin-coating, glob-top, pot molding, transfer molding, or any suitable
method known in the art. It is currently preferred that such encapsulation material 168
be applied to the back side or surface 154 of the semiconductor die 150 (which may
include at the wafer level, as by spin-coating) prior to dispensing additional

25  encapsulation material 168 about the periphery of the semiconductor 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

30  surface 174, upper surface 172 bearing substrate terminal pads 176 arranged to
correspond and attach with conductive balls 162 on the bottom surface 114 of

interposer substrate 110. As such, the flip chip semiconductor device assembly 160 may



30 -32 26. A nethod of fabricating an interposer substrate for attaching
to an active surface of a semconductor die having a plurality of
conductive bunps protruding transversely therefrom the nethod conprising:
provi ding a substrate having an first surface and a second surface, said
substrate 5 including a dielectric layer and a plurality of conductive

el enments on said dielectric |ayer adjacent said second surface; and form ng
a plurality of recesses in said first suftace of said substrate and t hr ough
said dielectric layer to a depth through said dielLectric |ayer to expose
said conduct 9gleahamce%kﬁndaslﬁfafqaﬁbﬁowctgd ELROBLERIS 4 40 Bt Frdutnbe erdehe

adj acent sai gsoffRReWMls 162 RIhE AR Padd 178, A dRIeBNT M hhQ@HAZhOQRoWR) dsECeI Ve
said plurality of conductive bunps of said sem conductor die so that said
plurality of koowelinghe e mgytien berappkeddestweenithe flip chiposeinicoddwitartenmice ai d

plurality of rec i . The t hod claim?26, wherein said formng
said plurali ?Ve‘&gﬁ'ﬁgiggié? cfg'eﬁgﬁﬁpfltgelggff?ﬂsﬁfﬂﬁ‘gsagfiQr(gf;ﬁﬂnﬁlt %y of recesses
to a deptf seélBednedticii! fac@®n@icti®a6ilsalc2Shmbdbsiiveém! ity of conductive bunps
will contact at |least a portion of a said conductive elenent with said

active surface of FiGild depieiscolin shipsemigordustitdeving assembly {169 includingfadicat of

sai d substrate. 20 . t f.claim?2 further .coppri si form ng
at | east onertrgrﬁsef%i er‘m%‘%“ﬂé@i es%ggtﬁ%]sgeﬁrc et s ns‘%?’il%f psr%lg ra‘feé%]eﬂ%St

conmmuni cat i oBurfdceh 12bf theaserpose® stils€ra&sl 10fand ahdkr pheddhbdive/11628.a thiae met hod of
claim 26, wherein said providing said substrate conprises 25 fornmng said

plurality of thegmallycaondective srpsaies The heat transter elsmentokSOpnayalsoks Eovideden ve i nk

10  the active surface 152 of the semiconductor die 150 to abut the first surface 112 of the
interposer substrate 110. Another option is to provide the heat transfer element 180 on
the back surface 154 of the semiconductor die 150 as shown in broken lines. Such heat
transfer device element 180 is configured and located to thermally conduct heat formed
and generated from the electrical components of the semiconductor die 150 and to

15  remove such heat from the flip chip semiconductor device assembly 160, to reduce the
incidence of thermal fatigue in the interconnections and circuitry of the assembly160
and, specifically, the semiconductor die 150 as well as reducing operating temperatures.
The heat transfer element 180 may be formed of any thermally conductive material, such
as copper and silver, but may also comprise a thermally conductive material that is non-

20  electrically conductive, such as a thin diamond material and/or diamond composite
deposited as a thin film or layer.

As depicted in FIGS. 13A and 13B, the interposer substrate 110 of the present
invention may also be formed initially on a wafer scale corresponding to a
semiconductor wafer carrying a plurality of unsingulated semiconductor dice 150 and

25  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

30  substrates bearing multiple semiconductor dice. In particular, FIG 13A depicts a
simplified cross-sectional view of a semiconductor wafer 250 facing a wafer scale

interposer substrate 210 prior to mutual attachment thereof The semiconductor



and etching a conductive |ayer. 30. The nethod of claim 26, wherein said
provi di ng said substrate conprises di sposing a sol der nmask over said
plurality of conductive elenents in a pattern |eaving 30 portions of said
plurality of conductive el enents exposed -33 31. The nethod of claim 26,
wherein said providing conprises providing said dielectric |ayer as a
flexi ble polynmer material. 32. The nethqg of claim 26, wherein said
provi di ng conprises providing said 5 sub
BT, FR4 |l amp RS | am nat.e,and ilex. 33. The hod,of cl gi m 26,
wherern sai Vst A e les PR ARy BE sticattlot! Binae; SoeoiBermderve
configuring sipafibleat@gtosderd2ss fanbwalid brokéd BReAvEPMA tH Wwati SHURGhdaake to
correspond with a conductive bunp confiquration on said senuconductor 10
di e. 34. ThebapkisKlserserizaegifhandan agive suriace 258 and eaghsgmisanducpsirdiead 0t y of

ecesses COMgh 3aodiBhdREbINBL s AN doHbiRRorPAbtlel 85 HSGRa o REL Pher
configuration 1 n said substrate to correspond w condudtiye unp

confi gur & i owhh tiegiate foemedonduct or 15 die. 3 5. The nethod of cl aim 26,
wherein said formng said plurali of recesses conprises collectively
confi guring sai dmlrgec'&eé@é“e'ipwggﬁat? 51@15‘}9‘%‘6"%%&‘13? i}h"fca&ggk?naqdri’ ¥sP™ substrate to

correspond Wy P4Rh %ﬂfdl&%(@&s%%mo%nﬁﬂ i tmtcéﬁ L3 O andllo enig% 2p The

met hod of claim 26, wherein sai ormng sald plurality of recesses
conpri ses f ohavingpassages (@otishmvin) foroled irethe seand lsyrfae 2[1éaThe owessef 220 wet et ch,

h hani rillin nmec i cal nchi ng and | aser. abl at.i on.
dry etch, rreforr%ecli ?natlhe gnterposer 9Libstrate %‘8 are ma(PeL{o correspond in substantially a mirror

10  image with the bump configuration on each of the dice 251 of the wafer 250. In this

rate to i nclude at | east one of

manner, the interposer substrate 210 may be attached to the wafer 250 via an adhesive
element 216 on the first surface 212 of the interposer substrate 210 so that the

bumps 256 on the wafer 250 are inserted into and substantially received within the
multiple recesses 220 formed in the interposer substrate 210 to form a wafer scale

15  assembly 260, as depicted in FIG. 13B. The wafer assembly 260 may then be singulated
or “diced” along the borders 253 of the wafer 250 via a dicing member such as a wafer
saw 280 to form individual, singulated flip chip semiconductor device assemblies that
each include one or more semiconductor die 251 having the separated interposer
substrate 210 of the present invention mounted thereon.

20 Also at the wafer level and as previously described in association with FIGS. 6A-
6B, 7A-7B, 8A-8C, 9A-9B, the conductive bumps 256 may be bonded to the conductive
pads or terminals in the recesses 220 to, therefore, mechanically bond and electrically
connect the semiconductor wafer 250 to the wafer scale interposer substrate 210. In
addition, dielectric filler material may be applied through the openings 230 and

25  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”

30 bond pad configuration on the active surface of a semiconductor die. In particular, in
this first alternative, there is an I-shaped bond pad configuration, wherein multiple

recesses 320 are formed over the upper surface 312 of interposer substrate 310 that are



25 37. The method of claim26, wherein said formng said plurality of
recesses conprises patterning said plurality of recesses each substantially
wi th a peripheral shape including at | east one of a square, rectangle,
circle and oval. 3 8. The nethod of claim 26, wherein said formng said
plurality of recesses 30 conprises formng at | east one sloped side wall in
each of said plurality of recesses. -34. 39. The nethod of claim 26,
wherein said formng said plurality of retesses conprises formng at | east
one side wall, in each of said Iurathy of recesses to be substantially

l [ | F .
normal wi t h 2ignef injthethaggp %{bépéﬁ‘th§ Hiverrteaiepbisdé dippsadrom dtherssideref the et hod
of assenbl i nghg@ Jrkiedre m%?s@&nﬁﬂgek&tt%re&ewh Qﬁotﬁésa?mlabfve %B&s met hod

conprising: providing a wafer having an active surface and a back surface
and i ncl udi nepnéiggriatiorns [the recessesumayi bedfainaadad as énterposed saitsontediramd agferipkagt sonme

sem conductor di ce, 0 he plurality, having.conductive bunps. protruding
transver sel ythFrrCBﬁ\% C?Etﬁré‘f"lﬁ)‘(? S??P“'s%q F‘}\c@; gf)f’g%?o(ﬂ Rig ‘éle‘()(é?g?l TRper
i nter poses sypstdal o WK aR ddifesive EReftY 1636 @ cafter ForiSEoNdtespdstace, said

i nterposes substrate including a plurality of unsingulated interposes
substrat es enbbirdied]lhandiseessastd2) doraied thereabonhandguoximaiescreniphersiiofl second
surface, each S| t 1 nt ernoses substrate di nsi ed and | ocated to
Sorr aerong” PR S AE A0 TACIARS FR B RCE R En IR IR foriet R8s |

waf er, each @fnfigaatiominUntelpobet sabstiate £109 fRde fodistespindSvittoy subgtaatifdl ural ity
of recesses extending thereinto fromsaid first surface, each of said

<

plurality of Hgeenaes” bandpadicopiiguration on an activesustice of 3 sesmicandpstgedier o expose
| . ) ) _ = o
at |eastjpd portiof Prfevi(?)ﬂ§¥ gzscﬁﬁifd%ﬁm%{a‘cli @V@e %&ﬁ@;%&ﬁpece%é‘g?@gl 'th%ﬁ,'ﬂb% sal

wafer with said active surface facing Irst surface o waf er
scal e int er pths éshapeth ahd ttegeeiplebry eonfigurnsiongdepateiin F8GE chahdctSanaydindedd n

alignment with said unsi.ngul atedq i nterposes substrates and di §posing each
of said plurGannYP OpEHRICR P9 %sa%@eﬁvts&waﬁiSH%t@F%%wgP&mayﬁw% sai d
active surfaggich MeQedsiSaRSPrhdd with Haﬁ#&gt@%@{%{he&%ﬁéﬁc}?&tﬁ@' d

interposes substrates so that said con bunps are substantially
recei ved wi tiecessesaids prlysabseqyenbfo megwmgadumped a¢rdicomtuetopdisds tubst r at e.

41. The thod of claim40, further c | Si attachin aid active
st face By oraisss wPEs diorrs QR gl il Blaied BRRAGRE buiadtS a o
i nterposes spd3sdgedicsilbthe aécebseasid pioteoNthie EMRBHIVELRhRINPbscdi thetemed on sai d
first surface at a | ocation of each of said plurality of interposes

substrates. - 35FI&p 16Rpictyaicresg-seatiopplaiiew e seppieandpprosassembly 4pdsi ng
compri ses abyhihig Fggmgggzﬁ%toyg{'egﬁgggﬁté& faBPIShY B & int¥ foBer3Bbdlratd 41
having a peripheral recess configuration and an alternative method of applying dielectric
20  filler material 462 to the assembly 460. In particular, dielectric filler material 162 may
be applied by dispenser 164 around the periphery of the semiconductor die 450 so that
the dielectric filler material 162 flows under the die 450 and around the conductive
bumps 456 adjacent the die periphery As such, the dielectric filler material 162 is only
needed proximate the conductive bumps 456 and not under the entire die as done
25  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

30  wafer level or prior to dispensing the filler material 162 about the periphery, to facilitate

fully encapsulating the die 450.



substrate. 5 43. The nmethod of claim40, further conprising aligning each
of said conductive bunps on said at |east sonme sem conductor die with a
said plurality of recesses of a sem conductor die so that each of said
conductive bunps is positioned directly over one of said plurality of
recesses. 10 44. The nethod of claim40, wherein said providing said wafer
scal e interposer substrate conprises forggng said plurality of recesses to
be sized and configured to substantially“Feceive said conductive bunps

th in. 45. Th t hod qf. i m40,. wh ' | d pr.ovidi i.d.waf
scg[glpnterposef ‘§ﬂ§gﬂggpﬁﬁk?|gk%ﬂﬁ@Bgﬁ%gkgpﬁah%ﬁgag%kﬂbgﬁpéy%gfyfeggsses

col I ecti vel yagsdinifled Mdiinded &he HcHISIeP sublirfe 1410 Hith! tRESndAB R eVunips asat ral |y
al i gned row configuration, a peripheral configuration and an |-shaped

confi gur at i odisposed inTthecensgupioe nastedBAiandesoribegtio FEGH. &aRE atd 9B ;ypwewerpr i ses

ocosses of GarefRUFaRRY §hd Hinhy M hoRRhRET AR EAn Bl raB BEce o

each of ai dasseislingtand @oidingthe dier450ttb YheCintetpstSsubste@ddLzt | ve el ement 47.
The net hod of claim 40, further conprising bondinﬁheach of said conductive

25 bunps to a sai s Blystgried inhbock diggsam formgn dravangElGiod, Bip chiraseryicondusiprer ei n

sai d bondi ngy&e ggeﬁﬁ% ﬁg{e@it praYenfinveiatis @gﬁnﬁ% th ?Eilré?%i"&iag@ %Lge&?}éafho 4 of

ul trasoni ¢ bondi ng an mal © conpr essi on
cl ai m 40, f uptehiensly-dispussed cagrictissimdaienty Oainraocongokérdystandnat Inihe camputeal on

sal 0 COndUCtL e DUIPS, ikl ot 2a Sr5 RO a4 peoadiic e, DA BRch " 21 ¢

10  communicates with an input device 574 and an output device 576. The input device 574
may be a keyboard, mouse, joystick or any other computer input device. The output
device 576 may be a monitor, printer or storage device, such as a disk drive, or any
other output device. The processor device 572 may be, but is not limited to, a
microprocessor or a circuit card including hardware for processing computer

15 instructions. Additional structure for the computer system 500 is readily apparent to
those of ordinary skill in the art.

As a further approach to implementing the present invention and as depicted in

FIG. 18, an interposer substrate 110 may be provided having conductive traces 124
laminated thereto, the bottoms thereof being fully covered or, optionally, uncovered, by

20  solder mask 118, and a conductive bump 156a formed by reflow (if solder) or curing (if
an epoxy) of a mass of conductive paste 182 at the bottom of each recess 120. A
dielectric filler material 166 in then disposed over conductive bumps 156a in each
recess 120 as shown. A semiconductor die 150 carrying a like plurality of conductive
bumps 156b arranged for superimposed contact with conductive bumps 156a when

25  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

30 In a variation of the approach of FIG. 18, it is also contemplated that, in lieu of
using dielectric filler 166 and to provide an interposer substrate-to-die adhesive instead

of using a separate adhesive element 116, a nonconductive film NCF as shown in broken



SO0. The nethod of claim49, further conprising bonding each of said
conducti ve bunps having said non-solid conductive material thereon to said
conductive el enents using said non-solid material. 5 51. The nethod of
claim40, further conprising disposing a non-solid conductive material in
each of said plurality of recesses. 52 The nethod of claim51, wherein said
di sposi ng said non-solid conductive nateé conprises: 10 providing a
stencil having a pattern of apertures th ethrough corresponding to a

pattern of said. recesses of s un ulated in oser
substrates oﬁne§ é'F M\gﬁé’i‘a déseﬁfeg qvit ‘é‘fe&%sérr s rl E %gerﬁ%?"t“lol} H% F@Pdé‘éti“’&
stenci |l over pgapl 368 kiRresiCAPrioNtLABENRY wﬂHQ%Ex'ilié'bﬁdtﬁz@brt(f@iS(ﬁ@a'r[‘}m%at tern of
apertures corresponds with said pattern of said plurality of récesses; and

15 spr eadi ngccyduetlwdwrm@ﬂﬁ@b cWihean theisomicapdustaralic HiPeandsutetpostrentstiatea® i nt o
said pluralit tho of claim
51, further %%r%?sf sd?t(éggtﬁ%sgtr' Snlgﬁgggﬁ??&@pﬁn%tf)af%%jﬁ‘c?trﬁo{}%o ?‘F‘B@qiihﬁ '3 recess
of said ¥ urmtiawmoﬂ‘uar@mewtm@lwaébaﬁfoeew SulitabRIndnedn&ileifimcltonehect i ve
material therein. hod of claim53, further conprising bonding

each of sai dUgéhHU@tW@MﬂWﬁ@ﬁPrﬁé@Vﬂ@dP@*@5‘!"@1 PemicoaducterdMatgrig Rivisignct i ve

el enments usi %ﬁ gaid non-solid conductive material. 25 -37 55. The net hod
of claim 40, erein said providing said wafer scal e interposes substrate
conpri ses provi di Thussewdl twedpparesicihbiethe flipashjpossescondilsdr ddvice wsdembbtofltieast one

opening in a first surface .thereof at (g}gl ocafi on of eagp | Nf er poses
substrate anBreSFmhEIVRRHOMRICHARA Ay TOusPaskageaha redyhed skl %@p@ason

conmuni cgg e ¥M é&ve&t,oha%hp@&' gemle&ﬁﬁaos)Blesaage%ﬁesoédz}na;hhg arua%m{o%e&fea%fel 2

The nethod of clalmb55, fdrther conprising Introducing dielectric
mat eri al t hr mtrghoses &oatcxdrmzls;ta mnkeage heightygductiioo of alsph 86 Ladinag baitffeatesali d

conductive bgsﬁpg a 100 pm thick dielectric member and eliminating a second 12 xm thick
conductive layer adjacent the semiconductor die, even with a 25 wm thick adhesive
element comprising a tape disposed between the semiconductor die and interposer

15  substrate, since the discrete conductive elements or conductive bumps of the die may be
substantially completely received within the recesses of the dielectric member, but 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,

20  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
the opposite side of the interposer substrate. Moreover, due to the straightforward
design, even large semiconductor dice carrying a large number of conductive bumps may

25  be rerouted for external connection using the present invention as all rerouting is carried
out on the side of the interposer substrate facing away from the semiconductor die.

The present invention may employ a recess lateral dimension or diameter which
is far in excess of the lateral dimension or diameter of an associated conductive bump,
thus greatly facilitating bump and recess alignment by loosening required dimensional

30 tolerances. For example, a 75.4m bump may be employed with a 120 xm recess using a

175 pem pitch



said at | east one recess. 10 57. The nethod of claim 40, further conprising
introducing dielectric filler material into a space adjacent at |east some
of said conductive bunps disposed in said plurality of recesses. 15 58. The
met hod of claim40, wherein said providing said wafer providing a | ayer of
encapsul ation material on said back surface 59. The nethod of claim 58,
wherein said providing said | ayer of saig encapsul ation material if

effected by at | east one of spin-coating nd gl ob-top covering. 20 60. The

met hod of claimb57, further congr_i si{ng dj anq} said wafer a d.sali)d waf er
scal e i nterposes ﬂPo%"t“FQP@dj RS ‘g?‘}fb'd%’é‘fde& YeRIEGHRY FO@Q\?P_E%_‘H%%I i es,
each of sai dmay BQHéeﬁttéﬂ?ﬁ%brﬁQ%t%éﬂf in‘J@MioﬁeP&%&%&?it'i@&xrféﬂﬁ%él%&&hﬁ% | east

one sem conductor die of said plurality of sem conductor ditce secured to at
| east one i ngeld saddumps bsadrincembihatikm with alsqlderpaste dispoted imthe rgpesses are

Substrates. 61. Th thod pf claim60 urther conprisi at_ | east
partially ent gﬁﬁl@tﬁ“ﬁg@gy %’@f%@ﬁ!i"&%é&d Loé‘fﬁ' %‘6‘3‘88&"[@?“%%‘8’1%&%'tﬁg@é‘f’rﬁqdi es by
di spensi iy egeRRTUbAIdEMEnTBS R Icbat! faiality irfadeemmdling differs@itdn@pad Basts One
sem conductor die of each of said singulated 30 sem conductor device
assenbl i es. andfgg pggh capgbiliet hod of claim 40, further conprising dicing

sai d waf er dispos .said | . r I .nt ' at ed
sem conduct or dev ?’g %3“3‘3@’@'%% 4S§ ;0?5 @ g%ﬁl% (l)lﬁg@g%e(ﬁ %"Sh’gﬁ {Qg?,ié,& c@%ﬁ“@%ﬁ%ﬂ@g ér‘ra
assenbl i es codrfatibsd begwedn Hetphss of datomaIBhdrtice bhimps dliddackl of aBsalutp blanaitiy oy of

sem conductor dice secured to at | east one interposes, substrate of
the semiconductor die active surface as well as that of the terminals. Further,

10  encapsulation, if desired, of some or all portions of the periphery and back surface of the
semiconductor die by a variety of methods is greatly facilitated, as is incorporation of a
thermally conductive heat transfer element such as a heat sink without adding
complexity to the package. If an adhesive element employing a tape is used to secure
the semiconductor die and interposer substrate together, different bond pad

15  arrangements are easily accommodated without the use of a liquid or gel adhesive and
attendant complexity of disposition. 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,

20  when heat is used to soften the bump material, the tape acts as a stopper as well as a
cushion when the bump material relaxes. In addition, tape accommodates the “spring
back” effect exhibited when force used to assemble a semiconductor die and interposer
substrate is released, helping to keep the interconnection or joint together These
advantages are applicable to both rigid or flexible interposer substrates.

25 Further, tape may be used to resolve lack of coplanarity of the conductive bumps
on a semiconductor die or at wafer level and to provide cushioning during die attach to
the interposer substrate, as force may be applied sufficient to ensure contact of the
conductive bumps with terminals without damage to the assembly. Further, use of tape
facilitates handling of the assembly prior to reflow of solder-type conductive bumps in

30 the recesses as well as rework, as the assemblies may be electrically tested before reflow
and before a dielectric filler is applied and/or the semiconductor die encapsulated and a

defective die removed and replaced. The presence of the tape also reduces the volume
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5 providing at least one semiconductor die having an active surface and a back surface,
said active surface having a plurality of conductive bumps protruding
transversely therefrom;

providing an interposer substrate having a first surface and a second surface, said first

surface having a plurality of recesses therein each extending to a expose at least

10 a portion of a conductive element at a bottom thereof, and

placing said at least one semiconductor die with said active surface facing said first

surface of said interposer and disposing each of said plurality of conductive
bumps protruding transversely from said active surface of said semiconductor die
into a recess of said plurality of recesses of said interposer substrate so that said

15 conductive bumps are substantially received within said plurality of recesses in

said interposer substrate.

2. The method of claim 1, further comprising attaching said active surface
directly to said first surface of said interposer substrate by an adhesive element disposed

20  onsaid first surface of said interposer substrate.

3. The method of claim 1, wherein said disposing comprises abutting said active

surface of said semiconductor die with said first surface of said interposer substrate.

25 4, The method of claim 1, further comprising aligning each of said conductive
bumps on said semiconductor die with said plurality of recesses so that each of said

conductive bumps is positioned directly over one of said plurality of recesses.

5. The method of claim 1, wherein said providing said interposer substrate
30 comprises forming said plurality of recesses to be sized and configured to substantially

receive said conductive bumps therein.
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9. The method of claim 8, wherein said bonding comprises bonding by at least

one of reflowing, curing, ultrasonic bonding and thermal compression bonding.

15 10. The method of claim 1, further comprising disposing a non-solid conductive
material on said conductive bumps prior to disposing said conductive bumps in said

plurality of recesses.

11. The method of claim 10, further comprising bonding each of said conductive
20  bumps having said non-solid conductive material thereon to said conductive elements

using said non-solid material.

12. The method of claim 1, further comprising disposing a non-solid conductive
material in each of said plurality of recesses.

25
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"10%h& () - nﬁb]rge%‘&g(s)ald noA¥¥lid conductive material over said stencil and into said plurality of

recesses with a spread member.

10 14, The method of claim 12, further comprising inserting each of said

conductive bumps in a recess of said plurality of recesses in contact with said non-solid

conductive material therein.

15. The method of claim 14, further comprising bonding each of said conductive
15 bumps inserted in said recesses to said conductive elements using said non-solid

conductive material.

16. The method of claim 1, wherein said providing said interposer substrate
comprises providing said interposer substrate with at least one opening in said second
20  surface thereof and placing and configuring said at least one opening to communicate

with at least one recess of said plurality of recesses.

17. The method of claim 16, further comprising introducing dielectric filler
material through said at least one opening into a space adjacent a said conductive bump

25  said at least one recess.

18. The method of claim 1, further comprising introducing dielectric filler
material into a space adjacent at least some of said conductive bumps disposed in said

plurality of recesses.

30
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said semiconductor die y dispensing encapsulation material about a periphery of said
10  semiconductor die after disposition of said conductive bumps into said plurality of

reCesses.

22. The method of claim 1, further comprising at least partially encapsulating
said semiconductor die by dispensing encapsulation material about a periphery of said
15  semiconductor die after disposition of said conductive bumps into said plurality of

recesses.

23. The method of claim 22, wherein said at least partially encapsulating said
semiconductor die comprises leaving said back surface of said semiconductor die

20  exposed

24. The method of claim 1, wherein at least partially encapsulating said
semiconductor die comprises encapsulating said back surface and a periphery of said
semiconductor die.

25

25. The method of claim 24, wherein encapsulating said back surface and said

periphery of said semiconductor die is effected by glob-top coating, transfer molding or

pot molding.

30
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10,, ! S/"10% ‘forf%lr(g)a plurality of recesses in said first surface of said substrate and through said

dielectric layer to a depth through said dielectric layer to expose said conductive
at least a portion of a contiguous conductive element adjacent said second

10 surface and of a size and configuration to receive said plurality of conductive
bumps of said semiconductor die so that said plurality of conductive bumps are

substantially received within said plurality of recesses.

27. The method of claim 26, wherein said forming said plurality of recesses
15  comprises forming said plurality of recesses to a depth so that a surface of each of said
plurality of conductive bumps will contact at least a portion of a said conductive element
with said active surface of said semiconductor die abutting said first surface of said

substrate.

20 28. The method of claim 26, further comprising forming at least one opening in
said second surface of said substrate in communication with at least one recess of said

plurality.

29. The method of claim 26, wherein said providing said substrate comprises
25 forming said plurality of conductive elements by at least one of printing conductive ink

and etching a conductive layer.

30. The method of claim 26, wherein said providing said substrate comprises
disposing a solder mask over said plurality of conductive elements in a pattern leaving

30 portions of said plurality of conductive elements exposed
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5  substrate to include at least one of BT, FR4 laminate, FR5 laminate and Upilex.

33. The method of claim 26, wherein said forming said plurality of recesses
comprises collectively configuring said recesses in a centrally aligned row in said

substrate to correspond with a conductive bump configuration on said semiconductor
10 die.

34. The method of claim 26, wherein said forming said plurality of recesses
comprises collectively configuring said recesses in a peripheral configuration in said

substrate to correspond with a conductive bump configuration on said semiconductor

15 die.

35. The method of claim 26, wherein said forming said plurality of recesses
comprises collectively configuring said recesses in an I-shaped configuration in said

substrate to correspond with a bump configuration on said semiconductor die.

20
36. The method of claim 26, wherein said forming said plurality of recesses
comprises forming said plurality of recesses by at least one of a wet etch, dry etch,
mechanical drilling, mechanical punching and laser ablation.
25 37. The method of claim 26, wherein said forming said plurality of recesses

comprises patterning said plurality of recesses each substantially with a peripheral shape

including at least one of a square, rectangle, circle and oval.

38. The method of claim 26, wherein said forming said plurality of recesses

30 comprises forming at least one sloped side wall in each of said plurality of recesses.
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5 40. A method of assembling a flip-chip semiconductor device assembly, the
method comprising:
providing a wafer having an active surface and a back surface and including a plurality of
unsingulated semiconductor dice, at least some semiconductor dice of the
plurality having conductive bumps protruding transversely from said active
10 surface;
providing a wafer scale interposer substrate having a first surface and a second surface,
said interposer substrate including a plurality of unsingulated interposer
substrates each having conductive elements thereon adjacent said second surface,
each unsingulated interposer substrate dimensioned and located to correspond
15 with one of said plurality of semiconductor dice of said wafer, each of said
plurality of interposer substrates having a plurality of recesses extending
thereinto from said first surface, each of said plurality of recesses extending
thereinto from said first surface to expose at least a portion of one of said
conductive elements; and
20  placing said wafer with said active surface facing said first surface of said wafer scale
interposer substrate and said unsingulated semiconductor dice in alignment with
said unsingulated interposer substrates and disposing each of said plurality of
conductive bumps protruding transversely from said active surface into a recess
of said plurality of recesses of said interposer substrates so that said conductive
25 bumps are substantially received within said plurality of recesses in said

interposer substrate.

41. The method of claim 40, further comprising attaching said active surface of
said wafer directly to said first surface of said wafer scale interposer substrate by at least
30  one adhesive element disposed on said first surface at a location of each of said plurality

of interposer substrates.
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5 43. The method of claim 40, further comprising aligning each of said conductive
bumps on said at least some semiconductor die with a said plurality of recesses of a
semiconductor die so that each of said conductive bumps is positioned directly over one

of said plurality of recesses.

10 44. The method of claim 40, wherein said providing said wafer scale interposer
substrate comprises forming said plurality of recesses to be sized and configured to

substantially receive said conductive bumps therein.

45. The method of claim 40, wherein said providing said wafer scale interposer
15  substrate comprises forming said plurality of recesses collectively in each said
semiconductor die in at least one of a centrally aligned row configuration, a peripheral

configuration and an I-shaped configuration.

46. The method of claim 40, wherein said disposing comprises positioning said
20  conductive bumps of said semiconductor dice in said recesses of said plurality of an
interposer substrate so that a surface of each of said conductive bumps directly contacts

a conductive element

47. The method of claim 40, further comprising bonding each of said conductive

25  bumps to a said conductive element.

48. The method of claim 47, wherein said bonding comprises bonding by at least
one of reflowing, curing, ultrasonic bonding and thermal compression bonding.
30 49. The method of claim 40, further comprising disposing a non-solid
conductive material on said conductive bumps prior to disposing said conductive bumps

in said plurality of recesses.



10 10!

(109%& ()-s& 10%& () - Y40%& ()-#s10%& ()-F" 10%& ()-109%& ()-..,/{//0cOdEYNCD
10 10! 5109 ()-y2109% ()-0 109%& ()- @

109%& () -+10%&' ()- *10%' ()-c000000122~\:0 10

11 4s" 109& ()-! Ds" 10%& ()-!f109%& ()- &s10%& ()- 10 10 10Y7

109%& () - 23N4455N6}~A2~\: 0 10 1! (10%& ()- . s'109& ()-m (°

s! 10%& ()-ms" 109& ()-!:s"10%& ()-s" 10%& 9~ N6B77U88888wi [M 0 10 1!( 10 10
101 X3" 109%&' ()-! X3" 109& ()-! #sH F" 109& () - q! #sHF" 109 () -q88! 9u999' : dEM 0
10 1! 10%&' () - F" 10%: Y‘)e-'%%ttb@m”)(rgl@'mf@@/g'fé‘ﬁ gImprsneg hondiung sagh gfjsaid.condyctiye

CdEM 0 10 11 yifmdeQ%8inb haid hOYEo ) cIMBOYR: T AO0R () i d QYRS L) o ()-;
U910 10, Wy AR LA i O
MLOY& () - s 1094ng Spidnon-sefic wiagiBiel. O

5 51. The method of claim 40, further comprising disposing a non-solid

conductive material in each of said plurality of recesses.

52 The method of claim 51, wherein said disposing said non-solid conductive
material comprises:

10  providing a stencil having a pattern of apertures therethrough corresponding to a pattern
of said plurality of recesses of said unsingulated interposer substrates of said
wafer scale interposer substrate;

positioning said stencil over said wafer scale interposer substrate so that said pattern of
apertures corresponds with said pattern of said plurality of recesses; and

15  spreading said non-solid conductive material over said stencil and into said plurality of

recesses with a spread member.

53. The method of claim 51, further comprising inserting each of said
conductive bumps in a recess of said plurality of recesses in contact with said non-solid

20  conductive material therein.

54. The method of claim 53, further comprising bonding each of said conductive
bumps inserted in said recesses to said conductive elements using said non-solid
conductive material.

25
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de:/ 10 and configuring said at least one opening to communicate with at least one recess of said

5  plurality of recesses.

56. The method of claim 55, further comprising introducing dielectric filler
material through said at least one opening into a space adjacent a said conductive bump
said at least one recess.

10

57. The method of claim 40, further comprising introducing dielectric filler

material into a space adjacent at least some of said conductive bumps disposed in said

plurality of recesses.

15 58. The method of claim 40, wherein said providing said wafer providing a layer

of encapsulation material on said back surface

59. The method of claim 58, wherein said providing said layer of said
encapsulation material if effected by at least one of spin-coating and glob-top covering.
20
60. The method of claim 57, further comprising dicing said wafer and said wafer
scale interposer substrate into singulated semiconductor device assemblies, each of said
singulated semiconductor device assemblies comprising at least one semiconductor die
of said plurality of semiconductor dice secured to at least one interposer substrate of

25  said plurality of interposer substrates.

61. The method of claim 60, further comprising at least partially encapsulating
said singulated semiconductor device assemblies by dispensing encapsulation material
about a periphery of said at least one semiconductor die of each of said singulated

30 semiconductor device assemblies.
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63. The method of claim 62, further comprising at least partially encapsulating
said singulated semiconductor assemblies by dispensing encapsulation material about a
periphery of said at least one semiconductor die of each of said singulated

10  semiconductor device assemblies.

64. The method of claim 63, wherein said at least partially encapsulating said
singulated semiconductor device assembles comprises leaving said back surface of said
at least one semiconductor die exposed.

15



