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

i nvention relates to nethods -dnd apparatus for
assenbl i ng and packaging single and multiple

S A CKACHING USINCe FLEXABIIE POEMINQ@INFERROSERBUTBS ERATE
I nterposer substrate. 10 BACKGROUND ART Chi p- On- Board
("COB") or Board-On-Chip ('BOC') technology is used to
attach a sem conduct orpgi ' 0O a carrier
substrate such as a pr?%gg%ﬂgégggg¥g%oard ("PCB"), or
an i fTheppssdrinveayioe relates oymethaddaralt dppalanesfor asyinkling and
B AR A A IR R TS MR RN
PR b R IR e RO R it B bmrembling and
paddaging siiglé anemubipbinsenit@idno®edicoin afliechip arieht@tion with an
_Substrate using a pattern of discrete conductive
PRSI SO ebet ween. The discrete conducti ve

el ements are generally disposed on the active surface
of the die during fabrication thereof, but 20 nmay

i nstead be di sposed oBACKGROUNBrABDbstrate. The

di screte conductive el ements naﬁ. %p ri se mnute

cond &din-Ga-Beard §' COR1Ios Beard-Gn GAtehnglogy is used to
fi qur-at | i . i | ey
SRSB4 A LEEE B OUHE R BLARR g b

(1PCBY) pards iftefposttitiy B émploged indnstickiierdtitay be effected using flip
senm conductor die and termnals on the carrier

chiprdteehipentywisn berding. s tansragtamestesbendings(iBAB hposed.
Th i die is. thus, 25 el i call d .
e TP U e BB By st

- stfifcof&aa e by it bt SNEFaEOIAGHGhleMRs@iFRhe? cagiRl H@strite using a

curi ng conductive or conductor-filled epoxy bunps. A
paiten of discretasradpétivel elemsgnts therebblaved s hbe discista woadnctivieelements
die and the carrier substrate.for. enviraqnnent.al

ofr SrElly 9P e artiecRr bR S i lnk Al B sroogyou
nid¥anstéidebd Aspdied 6/ fHe @frict 4RSdral erhe2scite BomRREV O SleMBAks may
TAB attachnent techni ques ?ener ally begin with

camprshininyteconsiwntivonmes ballsdireohynnsted vhdoks einfigutagonsh Each
surface i

of .a carrier substrate with an ropriate.
RS petedlhsimen inp ko Grainade typaly alidd fycrions of
bBRMFhddJor &hEY MOAbddtbnfon the BEniMbIRRtR R LHdSEMShek¥n the carrier

attached to bond pads ‘on the sem conductor die and
stipatmate when the two components are superimposed. The semiconductor die is thus
electrically and mechanically connected to the carrier substrate by, for example,
reflowing conductive bumps of solder or curing conductive or conductor-filled epoxy
bumps. A dielectric underfill may then be disposed between the die and the carrier
substrate for environmental protection and to enhance the mechanical attachment of the
die to the carrier substrate.
Wire bonding and TAB attachment techniques generally begin with attaching a

semiconductor die by its back side to the surface of a carrier substrate with an

appropriate adhesive, such as an epoxy or silver solder. In wire bonding, a plurality of

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

t her noconpr essi on bonding, directly to the bond 5 pads
estenddvkargismind o tiu condspdidngiednoel pabporttie ngﬁtmub‘strmb A

ds.on the. carrier supstrate. h erf
RS2 PP iR shs PG Bt Gy bR b BoRISa e RteLeet the fine
vARd an@H6Ad atesp@&m@ BRdsdERSdtdiNraets éa%%&?& ﬁémmenﬁéulétﬁlg tape

are ongoi ng goal s of the conputer stry.
Sg@r@rmolmd@ﬁrelaﬁadgdaasdﬂf themmaompmsmdnl bbﬁdlag,ehrectly to the bond

| eaged, the nu g%g ts used to fabricate
pelaoH {6 sheicogd %%rr‘gﬁ CRTEESPOPcing, ewal PAls 8 g pubstrate.
even I-ﬂlghér Fi'fgﬂnélﬂg IB%@PEdSP nlﬁérée{séfd Hflmﬁiﬁﬁzﬁﬁ&%%ﬁ‘lponents and

I NCrea or exanb e, € average, ere

gagupar eclaging denaityt wnmgrammmrcdﬁgamamgomg goalgpb thervomphiter
ﬁigry géoduct generatjon over K the previous, generation

GEMEEPEREOT H ARG cfrgUit REURS arg elrged; the number of
I C
P@?éﬁ%@@sﬁ@ﬁ FAREAQ et ey BYLRALDM @Rl il 1 Ehlogy even
tiergheherfuncigoraulity gf thapreidugta tlcagisagF elesxamiple, ol heHoemgerthere is
flip, chip attachment is not w thout_ problens, such as
ApHEXIRYFY dder Pergentdepmpsedn C‘PFEP%HGHFSefPB BY<EY BrodBefragneratien over

t
dEpRheaan apmsaperaatitale 0 L
over Immtamiquwch&gmgﬁg nfovidgewith iddaspatrgidity oward flip chip

addltlon many conventional flip chip technigues
afiaghmsnt dye fojuiprovededicsicel performancedd srester packagieg density.

d t .
HHSER DS IS 1667, A BT 5 U FRRARERra i

rhdlgrreds b ibond phdy frardttheomidide dﬁidﬂpﬁ&ytﬁﬁafm@w d twesditrinsional
mutual alignnment of the die and carrier substrate to

agpy skichs ifciyrg, mayitesiha ovedens andrynegwal Jengtteeleettird gpads. In
l?ign Crﬁﬁ'gﬁco% nt%n%??lg) chg% %Eﬁlﬁ(ilaeg%xg%ﬁ asl f coLrJl dlgtegtr reliability

packages sém cond
0@ ﬂ’&] Bk dd@nédtionk BESIPO ﬁ%fchmdhﬁe iHelpsier @bbﬂ‘leﬁ birf¥ sdb@rate as a
to the conbi ned hei ght of the die and 25 interposer.
rqwitefithe ingreated mineatyratipn as wel andifienlticiasremaindignment of the
ffr{anéa%‘ye%ssuﬁ) traFeetlo%tff(‘ﬁ:ﬁts Iuxh 1n(f %m}écﬁnt c @gecgv%l{e&ng@lg of gond

conpr|S|ng con Ive ayers aVI

paBdRey alss Botniskied ddharebet ween, the bunped

sem conductor die resting on and connected to traces

of t Farthemn ik ehip packages fopp bbmee@@@cmdqcm diggreplppog en
nd electrica npect ed .t ces of ,th

e By BRE G5 b Dy BRGE Riggh e deom s

1&&%@5‘&' MGis38 dub &r @b %Ef\!\ﬁﬁiﬁmv&ltﬁﬁhl' ﬂécké@?ﬁ@feﬁhﬁlhﬁéﬁg) fRelatively
lip chip attached sem conductor die to a carrier

cgstbsmmce?ew ompgisisigaloal ¢0®dﬁ¢tmeéayenmluaemm@¢ dickestrivgnember
E:lliléél tﬁgr%bgtt)vtegg fhe! ﬂuenlql)eacpsemlgonc()iﬁgtgr died restmg on and connected to
traces of the conductive layer on one side of the interposer and electrically connected to
traces of the conductive layer on the opposing side, conductive vias extending
therebetween. Finally, underfilling a flip chip attached semiconductor die to a carrier

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

O her difficulties with conventional packages include

an inability to accommopdate die size reductions, or
"shrinks," as a given design progresses through 5
several generations w thout deével opi ng new interposer
designs and tooling. As nore functionality is included
thepresenes ofthe esdérfilitrnales aevegprkmigef dafentier assémbligsudi fical df not
.out s (UGs), decreased spacing or pitch between the
“PP@%Q%?aces severe limtations on the use of

CoNV &R b Qi cultldk %Jl@l%%(féﬂtg)!ngl }ﬂt‘égééek Aty ag'll'lnabilityl to

convent i onal packages, teste

apackagitadieaivel rydicsions wpl diriaks,! esaibivemdedign pmg&ssesclﬁmhgh
Si n%e a def ectlve 3I e or, die |0 and |interposer

Sa‘é?g snsraiiens ithays devalgring pew interpeses dengpanddooling. As more -

FoAREB0 s FORIBX AL nolRll 8l 3, 2LS, EAIERD B Gy B

(I/Osp devd?e@ecﬂm}ta%ﬁfgrﬁiljﬁtchfoetave&ﬂ iifee (a5 @b@rse%re lifita8ions on the use
substrate and a nmethod of wunderfilli nﬁ a gap between
of ganvsatpnad Heppesrs. dincadghions wih comyeations) paelages @ dig is not tested

u&slﬁggatcrﬁgégea%gﬁﬁﬁéggéljéong[%)lgtgh%gﬂhﬁggb&%eés%%gtl%?%a dé ecttﬁrg d1e or die

afldl irtepbyer bowddly istobastdctphdstilaRe ﬁi&agﬂ)ﬂ@ @inished f ac e of
the substrate, which provides t bet ween the die

and depexaERle. Unifed SiagbPaRn 5. M GH ibaddssicidmt ol gpcloses a

f{ung S)quga{]) ﬂ?ge/?t,l)gﬁ ggaélﬁ? n? Sﬂ S %93 c‘[u%{or % 1e tg ns%g%tg %17 ﬁl}d a {nﬁthod of

uhh&ﬁmﬂgset % l%twédihethé bemﬁmﬁictdrralge @&drsubftrdt eIngipticular, the
t hrou e aperture in the substrate in an effort to

SENIO ‘-Eéor\ﬁb‘i: tsatfaphadrface dvet 1o the syhstrate whereinosgaduetive bumps on

h I t
g 58 Y B Rt e Soneaopatioe CHERE SRy i
PSOANGANRE Bt twlitthe AW ddaaiubstidde Thd ﬁ&mlpnﬁt&ﬁpﬂwmmugh the
techni que disclosed in United States Patent 5,710,

géR hetyiees thei semieomdustesdiennd Ithegaubﬁgm ¥ie capiidgoactive tcbwrfjgn

S e R
stibdaatd iataf offoR td RERRAIZE Qoids in IR 'ﬁh&’erhﬁ RAYENT RARAYEr, E&h an

inprove the reliability of 1nterconnections betwéen a
U@ﬂﬂﬁllmgdn@th@d\ ptild @rumawsmly timsieohsumsing dué it aviprssterundyrfill the

BTN BBaHE: PolherhEaa eib et Boh PR i Bretn

UrhiRd Resesmitdnt 5f~)qr0 i ltéihqults Hﬁﬁ@lﬁlté@fn%f%mg"fﬁé Eéhductive bumps
reduci ng total asSembly height in combination with

withetha bohd padston therpilsyracendeegiias the-capenseati havingi detd/metal

- 30 %r.a ti cgd sem conduct or device fabrication
rérouterin s

YOS mat erial s. - 4-
Therefore, it would be advantageous to improve the reliability of

interconnections between a chip and a carrier substrate such as an interposer by
achieving accurate alignment of the interconnections, an improved underfill process, and
the elimination of the necessity for a third metal reroute, while reducing total assembly
height in combination with the ability to employ commercially-available, widely-

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

sem conductor 5 assenbly substdantially reduced in

hei ght or depth in conparison to conventiona

I nt er poser - based fDISCIODSPREIEAHYVERNTIAGNI Wi t h

i mproyed nechani cal and electrical, reliabjlity of the
| nt erOBRHBER BHUBREaln e BT Tk ARRRBH P BasiFabline and

ier. s ' t : . 0\ j : .
AP Rl Btk g LA B0 2R S
chipnypoarcingementd i Thetpoesetis neaitioh @fodddsst fliptobippsethiconductor

eli 'na%ing_tpe requirenent for a third 10 netal .

apsERy WbsEn(altY reguctd d heighiPridethon semparsandp cepygntional

o e S A : . | ‘
kB ot SREH bbb Wi ok Brod TR B R clecical
ridigbdn bf the\atetdoanedtiogs bt@serba sembobiictor dlid/anduigeder substrate in
sem conduct or di e assenbled active surface, or face,

(R it R A0t SROR whikpalee naprping st of pligniperifenattaching the
slslﬁ}’c%H&dc?& dil ‘&JT 0 85 Il %Jﬂsmatg ah® Sﬁ%&%ﬁn %e'?%gui[r{?‘?é}?t kﬁ a third
one surface of the interposer substrafe an roug

riidsl rekioatecstwdlCasl ragitiing the kigef foi optickahdisktiricaint exfillinged fhe flip
or traces on the opposing surface, the recesses
chiprssgalEd in a predeternined recess pattern that

corr . ' it . her
TSR b gyt i B R bR
condqtidels diinped detaiconiduttdd . dicueémbled actetedufiabe ér FREA%Rvn with
patterns nmay include, for exanple, a single or double

ap ePepi SEbSGY obe pyesentipmentinnrinelndes, multiple reprspresdormrnsfrom
fo ot . |
R AR R0y LR PR b B e sty

cth&Ras e terd@tale@itrdcbeos @IlopPOFIME sRface tRe redBshes EOrIpRRYGS a
substrate to nmutually secure sane, in addition to any

Pesisterpinedaesesy pritere hatiersraspends supsarndially mathrfhe hord pad, and hence

races. . The adhesi ve el enent co ise. a tape 25
hETRSGe lR RRGERe SpffeliRbg FBY oiRHR TPl RRE o puen
pe&iRidnBined r¥@ks pafinsshapmehulle, BEEVBGe dEn A6 b d&uble row center
surface and the interposer substrate and to increase

boodpad eprdigunttionhan -shaped bensmad sbnfiggragemimsbonprriphoral beral pad
an iq&;rposer substrate as well as facilitating
‘PR R%n addition, the adhesive el ement assists to

r eSOl AtLadReSIQE eNAlchBMEPBe bﬂtidh%ﬂ%' dfsPbsedteB¥&n tRE séthi€onductor die
pi ck- and- pl ace equi pnent used to place a sem conductor

agi entenposasuldratatoenynalbr sesurg stmeitio additign e hsbarnd betvagen the

bty S PG PRt TaBaR Rt AR SSDR SRS soppprise a tape
YRS BREnS ADBIBR 2§ bk @ed b ABE and Aol BReitRal standoff

between the active surface and the interposer substrate and to increase compliancy of the

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

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

sem conductor die are disposed in the recesses forned

in the interposer substrate, the recesses being sized

and configured to receive and the bunps on the bunped

sem conductor die so that theyare subnmerged wthin

the recesses to an extent 5 that the active surface of

t he d&wifipnipctaicodiectomdeviietasatintbéy sl agsematledisd thahthe conductive
surface of the |ntgr poser substrate ontg which the
bupps o8 dae sspuspndyries diciare fispgsed in ﬂ@a@r&ﬁseé donmpdip ghe interposer

pgnqns ﬂgfreéégsesfﬂeir%s&iydpapa%Hhﬁ@ﬂ@&*&,tr% 9y éﬂﬁF Bﬁ&@g’% Yhe

atrve to convemnti ona I nt'er poser

baspedridmiesndliceortdie tdthatihspagistbaerged withén te lﬂébé@steb ¥®an extent
bunps wthin the recesses, which allows for the

thal ek activg suriss o8 theserheonduetpe dif drpytsfrdirsctly agring thresugface of the

il
BEASE AR B IROFSELE L b, Mo
helghpoaetlgoetidp séalcod@vitaalcais asdehiblydeldtere &y Bbilichtortane
need for a third netal reroute on the sem conduct or

igfpwosqrisped fipphimesemblies @eé@rﬁmdlmﬁuﬂgn@f ﬂw@ndgctlve bumps

R T espo P RAMMEL 9 b QRGBT HEssismudgtor die o
bl 1dr@dr stAdosifblchsedaelidsily vﬁtmdﬁlfcfeaﬁhgm&&fmyh& 88 or depth of
ﬂ@b&@d@15 The conductive bunps may be bonded to the

i seEnie@dycion devige asserablyorhilerayoiding ﬂwenecéﬁéggblsd metal

% g\%éﬁ?iﬁ&]?ﬂqlggoﬁp@ge vg? }feant%él he b %He@twgﬁg{ﬂ ape is employed

ﬂ@@mﬂﬁaﬁﬁewﬁnﬁﬁﬁﬂa}rﬂiﬂﬂfe @Bﬁaﬁtﬂﬁ]ﬂ%oh@létﬂ? réRIVEINFlR ¥ recesses,
ot her techniques known in the art, depending upon

bl!-‘%@f Brergsatiarasticad stagdoté pravirled byuhe tage., a conducti ve

P ov g o RSt PARPE fins2eb SRt salutbisdelBtisAf e bottoms
oF thete SRSl HRINBURP ButhPs, thSnd @ 8%

#fp3; ultrasonic bonding of the
Al'ternatively, bunps in the formof solder balls may

byepd ‘t@ﬁr@é;@’dunais,tth@rrraé cervpressign bandingyof tht bympe tit the fertriwals, or
t d h bst r at
R ROHE PR P Hhehe e pobli T sy s BHES vl adeied

Fartaand H@ﬁdu\éﬁv@ﬁﬁstt@oﬂ AhéMRnLLGE %éﬁﬁlcﬁ(/e Hﬁterrﬁfnﬁ 'EQ rovided on
after which the die may be aligned wWith the in oser

thamnpsatrovidhinl tlwtneaesh@cprtomew disposingthg 5umps| i themectesses.

ARG R b s S by bodiposellimHsdrsses prior t

Al ORn &Rl olf theCRAFMGHILMS r BRBEH ﬁi'e 180 sHE&ed, Or H.\egher melting point

conpensate for any non-coplanarity between t
ngatahior eHayibwrops phomc’@ddn B nt)miqnnsepassulnshe fﬁcesselmer drothe bumps,

oY VBN i T e e gHgST W ?h.fﬁ'f@%@%?rd slsFtiaaas Soched hereto. In
a8 8t ‘P@%ﬁh&ﬁg@le@trﬁgfjedrﬂE&foﬂ%ﬁe{bl ce O%B?R% @@n(ﬂgﬁ\%jbumps '

an adhesive 30 el enent on the sur

andn t]Erlpteqmsersmhﬁmam enbmaeolithcandectdematerig ugiyolse whe@ to@Ympensate
used i enbodlnents as a height controller
%yﬁlgy cgpf@g geém@mfcblptog dig 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
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

—
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-6- irregularities in the coplanarity between the

sem conductor die and the interposer substrate. The

sem conduct or devi ce assenbly of the present invention

may al so be configured with one or nore openings

extendi ng through the interposer substrate at a 5

| ocation or |ocations fromthé&-surface facing away

fromthe sem conductor die to provide comruni cation

iﬂo@m]wéies trhthe @nplawitnbcteveepdwi sagscanduaacdic ahd theanterposer
|tiple recesses in the interposer substrate. This
fCguration facilitates dispensing of dielectric

fl I
e TS E0hAlc 0L LU iy R0 Mk

comfguiragwithaye bemsthatcainigs exteydiogthroughetht iverphsdr lvebstrate at a
conflg ation of 10 recesses and conpri se gap betmeen
locgHerex %U%dcfo&i ]f\eél-‘i"ffi €188 F‘E"%%@ffb‘%‘? SgRtaR{ycier die to

p?cfv?&ee&n%ﬁxﬁ@ﬂic#ﬂ Rbé Stﬁe B orIr ‘ﬁ&?%i’%“?it"'%h 6Pk rn‘nﬁﬁ%l
ots over or latera fset e recesses
rédessen imtha hrctaltploem shbt&famtvl ’l’lﬁs canfigurafiow fadcil vites dispminsiag of dielectric

ach rece g open to the slot. In the flrst and
ﬁi]@"c%‘ﬁ@n?‘ 'i‘ﬂ&\ﬁgége ORNEIEATOPERINgS TfQsthe Fegestes apd %’Vn‘ﬂ) ghe bumps.
15 Hfﬁ%%g ogéﬂlgg b@%}t@)sef.gﬁalgﬁ rrcident %‘lﬂ@@o&d{k% agil%ﬁgf

en-the" si UCtIVG trace exten

repesses emttbmmpﬁhetw’eheccpﬂuctplwaﬂ o ftertrigal pertms ofiedrductive
adj acent_ t he traﬁg. In the latter instance, dielectric
tippds| extendiedcross thedgesseed cm%'oq%ww oS ovenar katesally qffet from

tliru{ RAYELes g% ?5;&1?(1&1%!}:?1{1?& {hg:fgwllﬁlt oy i ?f{) ei(f: 3G %{ ﬁe{:clﬁ E&% being

a ver ween

obé&r erthe slef Is tHesfirsednd sactdadtlhﬂa@em di€lagltic filer Marial may be
dlelectrlc filler material maybe introduced through a

infroghuces} digaeH ntg pepicaessesipmugh thagaps hettesn Sersideg of the
cﬁﬁ%\}vﬁpgkﬁcé B ibiin g 80% Slach £Qe §’J‘an%fth§ ﬁg%ﬁgegy §ﬁgl%§g%e:sggau

Eret Fom I NEO " Ehe Fecesses
atifaeéra @i tr&oée Mn tife 16@ér ihdlareaeleteiatilien mddral &8¢ be introduced into
openi ng, and to the E ri phery of the sem conduct or

ﬂéﬁhSéote iq tf@l‘@é laterally ther Hﬁ‘h’élegfv‘%@ﬁffléf frurtheer, i ageepicel stadoft is
e}nﬁ) Inye ? B?ﬁ%lﬁee tlrlleni\rll e{é/os%ﬂsq%gt?%é gn& h@'se ICFS)V g@nc ecﬁ? dlelectr?,ﬁ filler

ntegri ecreasi ng

nhdtérinl ﬁﬁymesmmw HEbh LeM oF SIS sg&hh% tt@budhnBe RitEHERE
i nvention may also 25 include sold | s or other

sabsiratedn éhasantarmegion ohidiaend vaused nbow éheaﬁcan liyetel thegreedsees

f he |
- RRELErE PERRE ST L PROR oSSk e R Ry iy o the
- pfipti®ry BEthe @Bﬁli‘c@ﬁéﬁ&é&ﬁe (if @esuléﬂ)eth@&fgﬁrtﬁé ﬁaﬁi@tﬂe FTHAY aspect of the

conductive elenents are enployed to interconnect the
pseseitdoredtion @:bsmvalb@nhmmdﬁ inkegnitgwhile décespsing process time.
as a.ca er subs for exa

{) hgk?@lf? Rﬁ%? 1p Sﬁlfnfcr?pg %r eé/lfetas%&tb&a) 8nt m%ﬁoh may also
8 CRNEY B’AI‘PST orditRer@hisckd1€ exdtbingl @Jh’dﬁct%‘@léiﬁ&ﬂéi Qﬁ&hed to the

device assenbly may fully or partially encapsul ated
chyduztinl¢ bhesstexiendimgdegs thedeinonalpaverthaburéace whihelintefroker
sgﬁ(sl?r%%eetgéing away from the semiconductor die. The discrete external conductive
elements are employed to interconnect the semiconductor device assembly with higher
level packaging such as a carrier substrate, for example, in the form of a printed circuit

board. The semiconductor die of the flip chip semiconductor device assembly may fully

or partially encapsulated by a dielectric encapsulation material or may be left exposed.
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-7- In another aspect of the present invention, a heat
transfer elenent nmay be included with the flip chip
sem conduct or device assenbly. In particular, the heat
transfer element nmay be included on the surface of the
I nterposer substrate facing the sem conductor die,
the active surface of the semTonductor die, or the
back side of the 5 senmiconductor die. Such heat

t r angf enothérenspert ofithy poeeniSiaderttion] it trideferagdenait infy be

ature of the assenbl s well as to prevent
iR qudedar. M@.ﬂg@éupfﬁt@mpg%ty SyicE IRt LRHRIFHy; the heat
tARSEr AN md hBYEad b dl?ﬁlerEEYf &,n&fl tHQﬁlt&pose ubstrate facing the
unencapsul at sem conduct or a par ff

seniapdudt@tdiel (hemitive soifateart tiok :aamleclm(hcﬁ‘oﬂ Hieyor the back side of the
encapgulated sem.conductor die. 10 The interposer

semisendugter dig. Py hepblsansterickpmgit may bewyediodewerdhe operating
t&ﬁ?&%ee& e %ﬁe bl\ngs% zls tglppgve ﬁﬂ%ﬁ?@?&f%g r d' Ce at a

er or par erein

par t itdle fptielp semidoudidier c&vﬂiewﬁﬁmﬁly obithe lﬂtﬁ&hﬁ@lﬂhﬁ?@nﬁ:lude an
sen1conductor dice is attached face down to a

upencapsylatedsemicendyston diss apgrtialy encapswiatsd servicondudier die, or a fully
eﬂ@&%ﬁa&h %ﬂ&%h@ﬁa&#ﬁl subnmerged in recesses forned

erposer substrate. Filler material may be 15

di spamsestetpas@ugbstQpest the proséntlimeentibh Blap@k6ibe assembled with a
substrate, after which the wafer or partial wafer and

pluiglaty 96 seinicendistor slice atayvater ofinaginl wafes levelliwheskin g waferor

|
ol AN Bl YL BRI en RGP IR A By e
dand 16 anpkaied anteﬁpo@@%ubmte #ith 8umBS bA thedl B or Jikt@al wafer

i ndi vidual sem conductor assenblies. The interposer
Sgbmgngpétrereﬁ@ye&f@nﬁqu the inderpbses mvkstiatee Fildranatena mpay be

anlu 0.fl exi,bl.e, di el ec o
BBt B ol S Rl B St T Shichhe waer or partial

velifel BatikteposerRIbRFatdMdy Be RkE &ito MRFVAEM Fip ERP semiconductor

conductive nenber. The fl exible dlelectrlc nmenber may

d@mp psssmblies dincapdudisionayas bawrrtiimed et least pattiady sothderafer level

o DRl ST Sh8 o B DL ob Gt pesembics.

trac %eﬁﬂ@fﬁ%gergﬁbﬁﬁa@@inﬁﬁ b8 FabRi cGRAGSG! & Yl@mbﬁ‘y[ﬁéteﬁﬁrlﬁélﬁ@mg a
by the flexible dielectric nenber 25 or by printing

ﬂexﬁzé@élebntrtcmemlb@xa birsludiied member amediisive wsithgflexible dielectric

TR AL PO PO 6T VPR R s dBF Reblslgept member

d‘}}ecohﬁfri% B3b B/ imAfRdad %rlﬁéha&\%?ht%)ﬁl@ Md&nﬁ{sﬁfvﬁ%te @onductive
enl arged bunp pads si zed and placed for formation of

ngstiEar ﬂimrembm;bnc tTiheeondeten neenitive cemprifes a pattmmerftcondudtwe
hi gh vel packagi The, recesses may b
BhTOON o PRk DR SOUMEl U LRt P 5T Gelectric member
o? H&%ﬁﬁﬁné H&‘Je@ eh t@ﬂ&ﬂﬂ@%‘lél@ctﬁ@ Fneﬁ@)@fi % ﬁFﬁ%lhk P¥race ends
etching, nechanical drilling or punc
naetyl ket éndargedidteéhesintended focafiorshef th@feemesto@eﬁﬁa fadsdfoathe terminals
tgrn1nal of a conductive trace and |s
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
opposite the conductive member by etching, mechanical drilling or punching or laser
ablation, wherein each of the recesses extend to a terminal of a conductive trace and is

sized and configured to receive a conductive bump of the semiconductor die. The
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sized and configured to receive a conductive bunp of

the sem conductor die. The -s- flexible dielectric
menber may al so optionally include another patterned
conductive |ayer thereon over the surface of the
flexible dielectric menber to face the sem conductor
die. The interposer substrate®f the present invention
may al so be formed of other interposer substrate

fhewmitbdy diglestris madmbzes nmyaﬁwmbnallsﬁﬂctluﬂanmmmr@attﬁﬁsd conductive

IPEE R o R Poce R e b e e i PEBRg et Hevi ce

s@RRBANINYor! e, M THRIpdsBr ﬁlb%irite '8k theRARAL 1h0erﬁ10ﬁ9HzE}J§1§f be formed
or a conputer system In the conputer system the

of btheuinterpasar shibisgate Ina’ctmals:mch)as e @ ihesincR 4 d}manmepEléS tmninate
gw ce.which electrically communicates with an input

L GSTeWISNd an out put device. 10 Other features and

advan Ql‘iiﬁﬁerodfs}gﬁﬁP &t tﬁi@ Bt 1I1‘ﬂ%ﬁ%'8f1' tRE 11 ‘IJHI% b&RRBBductor device
apparent to ose o Skl In the art rough a

asemblys nmdnaml tofa difeeit bosdiing cdmpatet pt 4 computbresystem. In the
acconmpan raW| gs and the ppended cl ai ms. BRI EF

C@@B@fﬁr P eem 'hm% WWAPRSCHef & & BrACresPR devigswhich

[ ut and
g & P%ﬁ‘% AR é‘%é"/ R T e
pr esd&nheri faatem mad\tahmgemﬁihe ageeant ddvehtios will bewnid apparent to

ai ned fromthe foll ow ng description of
g 0??19@ ef@mmglaééanﬂfiﬁafe@h?ﬁ}heﬁmw SFf Rt the

IG 1is asinplified
top igl 21\51\11/%0 &ﬁé%ﬁ@%oﬁﬁéﬁgﬁi réa:t e havi ng recesses
therein 20 in a center row configuration according to
the present i nvent| on FI G lAis SI DI | f| ed bottom
vi ew of anot hé RIETIQGN Ik AV IIP or g
cent di
| nveﬁ){/hlg&ﬁeﬂe gﬁ%‘iﬁ%‘ﬁ{)ﬂfcbﬁ’&u&% %H]ffh él%&s ggtscﬂgaéigf pﬁgﬁg{g out and

dvstmsﬂjz dlefing tien g/hidhrie r@atd&d Rab €he presenfinCentibni, theadvantages of this
rrEI i fied cross-sectional side view take along line 3
ipyenfpgmay be asceptpingd fiom the falqwing descaiptiomal the ivyeptgr vhen read

1&8&3&%&%@&%@ },g) Bl LU GukgRoses therern

i usiGat & aammbhﬂéd toptveEp o s e indetPsder AltRiral thadingREd¥esks therein
of form ng recesses therein according to the present

1 A gEen eH: corlﬁggaﬁ@u\accoethng tq thepragert iaventipst et hod of
fou ntPlI&ghQ i ﬁ%lgf ﬁec? ltﬁlt‘):'&om ¥t vf off an%ﬁn g’ 1r{te3 Ly tsﬁ:bs%'at rfor a

|nterposer Su e sem con UC
cAEERIN Yondigaakigh a@cdrazngwﬂle@ﬁ@aﬁrihvéﬂwﬁnt i on;

e

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

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

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

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

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

the present invention;
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-9- FIGS. 7A - 7B illustrate a second nethod of

mounting a sem conductor die face down to an

i nt erposer substrate in a flip chip sem conduct or

devi ce assenbly according to the present invention;

FIGS. 8A - 8D illustrate a third nethod of nounting a

sem conductor die face 5 dowm+%-0 an interposer

substrate in a flip chip sem conductor device assenbly
accoriGBg7 A t GBtiliestrates sotbnd meeiadi of mountifSa s&Aicon@Btor die face
|Ilustrate a variant of the third nethod, of nounti ng

dewpite ap dfepater gulstmpisdr adbpshipsemicondpgprynyige assamhly a@@rdmg
Sem conductor device assenbly

t%@? rdkﬁgnﬁgh Re present invention; 10 FIG 10

i1 uSIGS! 84 - dDsflesnsitag titd tethod®t Rbualing Nseprigbhdabtor die face
opening.in an interposer substrate in a flip chip

dewite g infempaser galstrate in adlinship ssmienndietgr deyicerissqmbly apgording

\ il recesses therein; FIG 11

téﬂ?ﬁﬂ%$§ géggﬁ%apsulatlng a sen1conductor die in a

f1i p RGEPOASeB IREEAte hokig@\IIee: fsdendhod eMfdowditingahi ng

the flip chip sem conductor device 15 assenbly

sgraicondnatey die fach dopn de amintemposan silsirategn arfbip kkip semiconductor
RSB VI Roaal et Dl Lay Kk Giord2 1] I ustrates a

0SS- sec I'ona I?p chi p sem conduct or
deVI TEG. B HRERAtYs difSdnditis TR nti@ial tHrahHf £ o fﬂhﬁ@ﬁﬂhﬁ interposer
according to the present invention; FIGS.
sibstrata iz fip ghipeacmarpndnctas desiest assenbliacsardipg ehihs present
i ce assenbly according to the

nb‘fegléglﬁp ﬁﬁveecﬁfse%ﬁleﬁ?n’a waf er | evel, wherein: FIG 13A

20 i IA1GS1T AhlGatds WRhSIulftAGe: SAMEoHRGESF dfen Relipehi
attached to a wafer scal e i nterposer substrate of the

Spme:@edwctmrﬂﬁermeua@wmbéﬁ andrat@chingihé flipudiy ssgsonduetondedce

t.h f I
oS0y Sitar it 0 By PR i sPod LR 5905 s
of arFIGNIB{IRRERES & iosd- E&ttl%nil%‘i/den&gew B?Q?Iﬁélﬁp O81c8hMudtdt device
an | -shaped configuration according to the present

apyeudly inshidingbhedat Gansfér al¢rherﬁtapatrémgao thempéseht ipderttop;

o s A T B B B LB RO BECES SRS, smiqopguctor

dRiRE %&k%nibﬁ)’zﬁ:%fdﬂ{g to 'ﬁl@pre;éu idJeHBA LR PRSET Whkiel FIG. 13A

and encapsul ating a I'p chip type sem conduétor
1khesdratds laywatbreiaed dowmpnmmﬂmmgratﬂabiaedste mxmfetchaelbanted:oeer substrate

d the recesses f n.the ter oser .s
oL e mipseah Guantae: anDERT JRE i Enger he HaBe parehad dotediong to the
ﬁgelislggleqﬁtgﬁﬁg& Suggrawventl on;, FIG 17 is a sinplified

bl ock diagramof the flip chi p type sem conduct or

FIG. 14 illustrates a simplified top view of an interposer substrate having

recesses therein in an I-shaped configuration according to the present invention;

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

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

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

assembly of the present invention integrated in a computer system;
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assenbly of the present invention integrated in a
conputer system -10- FIG 18 depicts an approach to

i mpl enentation of the present invention using a

non-flow dielectric filler material placenent; and

FIGS. 19 through 21 depict exenplary nultiple

sem conductor die, folded inl@rposer substrate

enbodi ments of the present invention. 5 BEST MODE OR
MODESIGOR ARRY NG pohich TbiEnp MviehiBliGiNot theipodenteintentioh using a

th ) toi ti ill be h i ft d i bed

ngpile™ Figleeivi iler Pyt RLPAERRFSM ng dr awi ngs. |t voul d

be umssf@mﬂn{gh% dﬁgﬁﬁg@%&gﬁmh@%@aﬁm@ﬁ&u&&ldi&,%ta%d
(0] a

taken as actual” vie pecitic apparatus or
imretposa sobstiateecnisceldmatts dOtheprvesent iaventlont are nerely
exenpl ary, idealized representations enployed to nore
clearly and fully depict the present invention than

?ﬁgh;BES*F%Wb%eoﬁ%dé | bR - ARV es YouE B eRRHEN

r et aiBmbddensasef thu pessemtdhventies wgh dt herinafefdestribepwith S
a sinplified top plan view of an interposer substrate
refergnceriodhng ScoRpaRIBg eravggss tlf werld beandersigpd tlat sy illustrations

apéjﬁ(it R9be {a!kgllil Eéﬁezgct a Nie%vsfdbfg%ﬁ.¥ g}%eg:ifﬁéé%%g{amf% nyagrglll.c‘:%;oﬁﬁg present

I nclude a ectric su

iprentiethiuy sreSdrelgrexsmplary, 1dealiZdtereptsditAivng empioies td moee clearly
ngrrber 111 may define a first surface 112 of _the
andh fdbyrdspist theqigsent iy entiopchahaighy ethepyige be pessible. 14ddisgnally,

1R 5RO R 56, b T FLOSA e e

dedpnmidnf r om any known substrate material and is
preferably fornmed of, by way of exanple, a flexible

| ani A3 ebdesty psimplificddep plagivaey phgreinterrerehsubstraellLex The

. . ies Ltd.. . a he :
BERORE Rl TR PAGHES TRy b bl (G RARYE pityeayhich may

idlede DEiclrBEie sObsttdnsmBEL] IT € a grofeditve®1deBiask @$8.NThe
FR 4, FR 5 or any type of substantially non-flexible

dﬁﬁi@Céliitz wbstrate @w;nlws 8 mayclefinet &rs ﬁuréqsgﬂ}? 08 ﬂierinten;oser
S8R Rl Do 3BT B e T s

siegReESE®. or vias 120 formed therein and having nouths
120m opening thereonto in a presel ected pattern and of
a pr ddetrterposrsgubitrate Bi{imsh bp B rmeah &omany ksownrsebgstematerial

e NI AN AT AT e
pelyitfIcThytd| shicH #2URIEX, produced by Ube Industries Ltd., or any other
polymer-type layer. The interposer substrate 110 may also be made of a bismaleimide
triazine (BT) resin, FR 4, FR 5 or any type of substantially non-flexible material, such
as a ceramic or epoxy resin.

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

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

bel ow conductive -11- pads or termnals 122 and nerely
conprise an opposi ng surface thereof or, nore
typically, the conductive pad$1126 nay be placed at
vari ous predeterm ned locations laterally offset and
peds@tternfinaln] 2h end masdpcimpiingt appusihg weafqeadserest or, more
termnals 122 and electrlcally connected thereto by

traerilye therendycive Radsol26 maadhgplace Fat@;arlqlsmedﬁieéwwdéocatwns
B N LV T
ehotricatip omtheviell heetb by donddtioe vbtguratitmia fPTIBdl anb@Ren
active surface of a sem conductor die intended to be
lige9)ached t hereto. For exarrpl e FIG 1 depicts the

Mo e EaIBEEISE et 90 4t ArBElil @ iR Wil 18a

pe@eletigd hatérfifo berd¥peial Mlh@Qfoh& PR@ Béh fRehtidh tfa@ied ¢h # active

bunped seni conduct or die having a central l/\% al i gned,

seifargl of arsomissnductprdic dupridegie he adeehedticesiowk or e&amnh; FéG. 1
d h f
ettt ¢ ey PAER A GhuaY ol T RS Eonigpugion i

inteqRse sﬁmfarteguroatsm cbifi &aratldh is Mad@ t6 ek RPSHPAnd RGER %o 2

configuration (FIG 15); however, the present
bpppedh serpigondgtop dicddeips @.@emmlla(m;agn@b siggle t1ew bond pad configuration

LGS ool Rl Betebads Wb e aey by W of
ek RO FRSMTY Ik deRY IQﬁaflfe‘arr%%?,s bonfBYationl (FRR!19) 51"'@981‘1?}&%1 Recess

as _square, - rectangular and circular, and may inc
Cﬂ@@@-ﬂ@@l‘sﬁﬂﬂ@ 1%l hewevsr tthgpresm imywetivmysy be adanded fosnyfrecess

cp?fe fgggs%erg%éi &Wp&&%{ﬂ eﬁng% ot t ?:gggéx?re eof
addifioRXthe ﬁﬁm@%ﬂ@ Feckfef ??@ﬁla} 38 forfkdah dnPBtaBRI dhQHE |s{16?h as square,

extend therebeyond, if desired, for enhanced adResi on
r@ﬂmmmhm@ndpueﬂMtmmte&yﬁﬁﬂxbdmuﬂeiﬁdenmﬂssuwammabpamngsor

Qﬁﬁ% 11 Cbn CtIY $ g 8% tern1g§%sf122 may
?VCEW% & g B thgpofers &0t 20 or, as
depi qf gfl1 bé‘oﬂ%lef%‘ed:ln FI®YI &t cdﬁﬁﬁ&%facé@m RGP reb€les 120

at the bottons thereof so that gaps 121 are defined on
aod enayroptibodlly eitahdshatbayondut ﬂesmedpﬁ»d snlmmod:(badhlemah of conductive

122. lied bove e ¢ ctive 25 traces, i.ch
tiiges 1 lp iblenar miboRH T A bl Rnetse BB SR ngy 123 may

Hﬁﬁ[f)la@ly%gt)@tr 1Ré bB@omE BFre‘éb%b@ %(55 bfﬁ as HQ@E{eﬂtﬁ Fig P %a}plf)e

BT resin, am n mat eri d

nanbemmﬂmh$ﬂmamelmmwﬂhehbﬁmnmﬂkm@fadﬁﬁ&gm&ﬂ2&&nk&ﬁWmmdhoneor

tgﬁ,g I n sone instances,, the naterial of the
boBhdtestqfrandyclive sadsgy teraninglnd iy 8F ynplaffﬁ hevedhe gondystive
e LR £ e B P BRr R, S G Ao el B adhered o
the dielectric substrate member of UPILEX, BT resin, FR 4 or, FR 5 laminate material,

- or other substrate materials, using adhesives as known in the art. In some instances, the

material of the conductive traces may be adhesively laminated to the substrate in the
form of a conductive sheet, the traces then being subtractively formed from the
conductive sheet, as by etching.

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

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

i nterposer substrate 110 may al so include an opening

130 (shown in broken lines in FIG 1) forned in

t hereacross, the opening 130 substantially extending

-12- along a longitudinal extent of the centrally

aligned, single row configural2en of the nultiple

recesses 120 from one end of interposer substrate 110

alomgtaHengitudaral exPpetmifitlg: dedbrapylienetl ovimgdel rovh odd figukrationived the
terlal of dielectric s bstrate nmenber. 111, or nay,

RlR&5a5ST55 LEhEoBy esid ok HHeTPP3es sphsgaie AP dp dpcther.
QAT P BN AR e B A 1,

ob enafypasrshdwh vy sid istekemigad 1idd BomGkfee@idce aemep €50 BOFIG3Q and the
bgg be forned partlally in dielectric nenber 111 and

iliaes gndsthe heakendead line drony eeferangeraneralddfiim §1G 35 be formed
eon ‘%g%%gﬁlq 8 69?@%6‘ QF n"i'#%f‘ﬁ) 1%Qgrl %&éﬁgﬁ{?ﬁﬁéﬁ’{ﬂeam

nidnhtes 111 Bhgd mﬁﬂl)flﬂ)ldéi@nask_llfl% 2 déﬁdet Spéning 130 may be formed to
cross-sectional view taken along lines 2-2 in 10 FIG

ah!gn plong r&%@ﬂp]av%recw SARAEITABY J-fie I-ohfps. pRsPheLs). eTo better
separ g)ttp Eﬁl v’i F%%gfgg&ts%é%%fﬁt?ﬁaw%mgk% pnes 2-2in

PTI(GCESAESIu’b&@ted dﬁéﬁmgqso iRaedes 9RYPBeddcht 853 B BQc\M\segment 132
ext ends al ong the axis of openln%@130 to a side

cpsndinghereea denarete indiiduabissesses ML throwelipte repesses 120.
FafddE Qéc%f%gl%%mt%% %8 %1?&‘% Q)Ptgnc%z%oxfégtﬁ% Erl]Jlugg ‘?Q fn%r?éﬁ BIGhto a side

opent Ng € recesses

poORIVASIT.cadtOsf thOreR¥API F0; h@ﬁr@v@'&hﬁéﬂghﬁehﬁ;q 32ndy drtentfaind be
open 130 may conprise a slot |aterally offset from
pp@@@w‘gfsormzlaﬁ qitenilg 130do theiesesheselOde pnyisuitablermermer. For

SR SuganishicisYe FIGE R e oA b sPuiERT € ok ety offet
flokd recAfes BITOWHich GRIEMGEAIVE defia6EBetédn ﬁﬂge@sﬂ f ﬁ‘“df fRRible
openi ng 130, and solder nmask 118 covers the end

disdeatiiomsmbhiel dowhich skiinaie spmening 138dn diskecpicovendberg 1an As
0 dth t

S R e dad S8 et PRaR | ety o bpaslitag covers

tHe3éhd ﬂﬂr@ns?thér%ﬁléﬁkﬁ%%p‘éﬁﬁlg'lgo%d MA@ KE Bntah R 0depth and

lines 3-3 of FIG eplc s opening 130

vasihdn @pergngl i 3@ for updérfiiling heposesesses 120, i.e., into

t he of...the. drawi n h Such openi ng. 130 ,i.S
Showe o8 gkt SRsRoh 0. Bt S8 s MR iR géken along
18 3TFIE20, FRRWeIBicts ditRiP S0l élenl oy ﬁfx%jthe recesses 120,
substantially 25 equal to, or larger than, the latera

1%, aheth ﬂﬁfp@‘r@ﬂb@é@m deet. Sucttopéning $30 desbown @s having a lateral
duc or t als 1 at the bottam pof each
et BB Do Sooees T Mo The Seenirt Boohy SEHOUERPyRally

eﬁﬁﬁQS Sr U}ngm%&dﬁ fEORE G JFARSTeldleL2000584. 9%135 ralgplcts

"ower™ s ace 114 of the Interposer substrate
comdwtit padsl ctéermmmed k 1221 8. the bottom of each of the recesses 120

interconnected through conductive traces 124 with conductive pads 126 exposed at the

lower surface 114 of the interposer substrate 110 through solder mask 118.
FIGS. 1 and 3 also depict an adhesive element 116 disposed on the first
surface 112 of the interposer substrate 110. Such adhesive element 116 is preferably

disposed on a portion of the first surface 112 of the interposer substrate 110 that is

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

di sposed on the first 30 surface 112 of the interposer

substrate 110. Such adhesive elenent 116 is preferably

di sposed on a portion of the first surface 112 of the

I nterposer substrate 110 that is adjacent but

separated fromeach of the null8+ple recesses 120. The

adhesive 13- elenent 116 may be any suitabl e adhesive

clomicat il 8 mayg bk amy\mﬂabletddhesav& ma&tiahasdmoafm in €ty such as an
her bl.e ad ve. The adhesive

egq))@%;éﬁlyhg_m SIVG SI|VF: efrg,pﬁ blrﬁ mgy COI‘IlpI‘lSG

vﬂﬁlo}ﬁt %16@ Q‘g) fderl nﬁ%‘é&h&fbe% Eéx@@sﬁh&ﬂ%&f #2h the
exposed sur ace cl ng away rom lelectric
espldimtl lsaltf&erfﬁmbgramﬂa;zﬁorﬂn dimmsme wiehtbeb1 Bl ) being covered with

protective rel ease Jayer until adherence tq a

agEpfeetbsdalcatsylaysr émtlka‘%éﬁar?‘? txp seqyepndugion disi 1y eeaBiredreruch
t

a&ﬁgn}ehel%ﬁgtgrl@% ﬁ&gfegéﬁﬁ% r%%%n%f lﬁfteﬁrgtpégfaael?l ﬁmﬁ?!i nmqh%c?(ness
Ayatestribeddn hese deaie leseRtciitahOgvesdpmepanay i dnifleyddod function
as a spacer between a sem conductor die and interposer
a8 g15B2qeR b Weqma semisprsictRs die anddpterpeser sbalire 10 to provide a
v%Rﬁ:r %&dﬁﬁgﬁrgﬁet%vgﬁf S%rc%hg&;@ ﬂ%"&:g &t 1911;61'1[18 8{ édn%gctgve bumps

COI’] carrie em con

chitted Hy&ﬁemaoﬂ@@tor HeGhto rdéeskdyri@agh 4C depict a
process that may be used for formng the recesses 120

i n t F8GEphathreugh 4e denigha @mceﬂstﬂéat peaydre lgacbﬁxrrf@m@na {lg: recesses

505 EARIEPA R 6 R ST MO Tl

sABAUCT 108 clullidg er diélecie duttirat iethb&ca 1 thaehgafboadth dnductive
protective solder mask 118 fornmed over the 15

lexsn Suered wa o sgfaes thiisef anded protective seldenmaskd 15dntvesd avet the

ferab i bl h
ohRGLSH LRt e SoseiR SnBert oK e Sl ddlepipte prateia,
sBEN ¥d tRk dB0eadREribddUexibIB Yan@h&ted phEhisd ﬁaa%rﬁy&sﬁsamméé layer, but

non-flexi ble material. The bottom conductiv ayer is
pryedl e inbluge o spiptantially nen-dlepidls matetisly  THedottomyconduetivg layer is

AR ALSEREN B 0L iy A
1821621 AITRE beforR RbNERAVE PREMGEY ¥6m Cfﬁéjzscoﬁﬂuét% Ha0& B24lddending

and conductive pads 126 (see” Fl conducti ve
betvesasotduttive padseorftemmeas b2 miskondgctav@ad‘s ¢P6 (ege HIG. 3). Such
m et al 9r al.l o ductlve er. or
ARt ARy 3 e e By Bavtig anEéEhipfadotsgm meta or alloy
BhARLVE GaydS be] glterﬁé)cﬁd:‘l’f fthé/@ade@ K34 ﬁ{ay% 'If&’irYMdﬁﬁz PrifiB dsing
using any mefhod knownd in the art. Once t
condtlict inks of pthepssd Rimad asmgianﬁnwdnbd ktnhwnpn ticemt. i Oace the
sol der nask]ééS na be fqormed 25 th eover Hf 4E
B LS AP tedarg REO RIS 0eT wagk { ¥ B bgformed
thdeodgcesses 120 forned therein. Such recesses 120
may be formed by patterning, utilizing a chem ca
FIG. 4B depicts dielectric substrate member 111 with one of the recesses 120

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

bottom of each recess 120 and, for example, at the location of each conductive pad or
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wet etch or dry etch, nechanical drilling or punching,

| aser abl ation, by any nethod known in the art and
suitable for use with the type of naterial enployed

for the 30 dielectric substrate nmenber 111. The
recesses 120 are preferably formed to expose portions
of one of the traces 124, suech4as conductive pads or
termnals 122. At a bottom of each recess 120 and,
t¢rovinal N dapdddjtiomnl ¢andudtowanatonal ohaydeghacdah b geldpaduectic

0 L B0 00 e R BT SABIoo
thd'@ad¥BY 84 hitl Witk It‘&q?lﬁl%sklﬁ‘ G QTRALh DS td/\’béd Hla{etﬁﬁvi%}hiéaterposer

conductive material of the traces 124 and w
shiostpase DIf0..aF e #iCCinstut¢sathatdhe walls bfthredoeskendl 2hmay include a

i nt er.poser ubstrate 110.. FIG, 4C illustrates that
cPRURHEF Pl 2 eropd Eauicdstor sl 1 palssh plting: howover, such
PR qgﬁbt‘%@%diﬁ%%r %1%&1«%@& el ﬂﬁ)gntic{n‘? Eu@RGTRE 8 stvn in
;. howe C p t

el ectrol ess plati ver, SE atrng is no
H&§ B end #0) repessestrhayeboformbe withdsgp tmoauthsd2Oivowhich taper to a
Fur.t her an s shown in FIGS 4 d 4C, recesses may
spelerhaiom qn Sugh &@eﬁ%m%fe\ﬂ&ﬂ%ﬂewﬁmgﬁsqt@w etching
&l dugt aPallh }igPh, Such tapering may be easily
effected using isotropic etching techniques as known
i n t RGEr SA tHr6ugH 3 depibtstalproctgh sinfilad epthet depictqal aiadscribed in
Fji@gﬂﬁr to that depi cte? and described in FIGS. A4A -

ot/ + ShREdgmiBE Eesises 12010 the iR spifacer! 12 9ff fgprposer substrate
i1pt t i it
10 PR RaRioha b Piner Ber, Mikly o8 R0 EDARRRe Bl 125, o
shewn &hBith 54N Fdclhsedmhd cBruditive tayerl 1 1018 el d @ppér drddpper
I.S E%Pf rably a copper. or copﬁer al l oy layer, but my
afjay Fgt S5t mappeany waable elaciically sepiuctivematstiak pad maybg

t ' t ' . S

ARPE kR 1REL Ry b AR RRRRIOR Hnt PROgRE

stmioshiwdiott dietd whieh pasidfergasosiubsirete 110id BtadiiddadiadsB depicts
FI G 5B depicts upper conductive |ayer 125 patterned
UPBETSOBREive daver bisDPasterfddp €8pose POEISHS of dickectnybptratg mpmber

t f n
140 it A6 L BSRS T 7 ok 20 bRl AR SRR A B ed ek fgm the
iendwddateas bedndakies 6fthe s@efOHbiEs . AAShEWAMFI® J6 @re&ss 120 is
a recess 120 is 20 then forned in the exposed portions

fotped indhe exserbportions ofpbgirain membar 1 Weby etchpminal wet etch or

t ‘ j: ridlin [ chi or_l.aser
o Y ATl A 281965 ARG % B 120 my
b tforin gl utgizaipan el diisl IivaMini the & endéditaBRAviS KA Ef material
wth the type of material enployed for the interposer

egpisted dereth werpaes suhstratesldd). g reacsseprl &9 aveatyefprably fosaed to

expose. conducti ve pa or.termnals, 122 .of the ..
b FRRRGEE PREE inRET 72 P o EoRMBE SIgfeE | e eF which
ad@midHAdoHQualiRE Biateal FRY beiRed6tsl tBY BlpokaEpUBRSLthe conductive
portion of the conductive pads or tern1na€s 122 As

Peeés ortermigalg dAd b bafere, ayenduttite hpghld 1fmrynsdfobped by electroless

p‘felltlen%torn ERalls of the recesses 120 so that such conductive fayer 121 contacts a

portion of the conductive pads or terminals 122 of the exposed traces 124, as depicted in
FIG. 5D. As shown in FIGS. 5A through 5D in solid lines, solder mask 118 may
provide full coverage over the bottoms of conductive traces 124 or, as shown in broken
lines, may include an aperture or apertures therethrough, for example to provide an

opening 130, to expose the undersides of conductive traces 124 at the locations of
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plating on the walls of the recesses 120 so that such
conductive layer 121 contacts a portion of the
conductive pads or termnals 122 of the exposed traces
124, as depicted in FIG 5D. As shown in FIGS 5A
through 5D in solid lines, solder mask 118 may 30
provide full coverage over thésbottons of conductive
traces 124 or, as shown in broken |ines, may include
reoessepd R0 or etherwisgas tesied, fob enlehbeduglhriill adceaxdfphet sider
provide an _opening 130, to expose the undersides of

netsh 8 £ Bplpy s eposson 120 in dieleptsic ananeivs 1o arpplugasd sgdes
~S50Ble AR AL il FUPRITLHANR Wk 151

efpl®@ed £is mby Ondrély Bk Glreightel ¢o ORISR GIC thdmbar @ 1pl ugged with
a renovable material before sol der mask application;
i f

a Fdo§. A - 68)depist siaplidigd lerops-gegtionaleyipy ol lirst methegd of

ot RS AT GBSO TRk B e

tfpe einidtRidbedr dvicomsumning 6anBIdwrdiiRGtrted e FRSShrface 112 of
substrate 110 to a semnmiconductor die 150 in a flip

igtpipescrisyperase i cdissied aurd faging] the semisendyictor 880l SOmriar terhe

i1l uystat he. fi 2 of int )
oS SR OBl G RSB Rl R BRI apa ek e
o BEHYe 184, WRerbii@he AGSRRGHYcd 12/ iB8lhdes2OTuRARMMYRH pdi£158

150 i ncludes an active surface 152 and a back side 10

bgaring gleetd eallysondudtioe dimps 166 Hur¢ope Stigh terdctig@bumps 156 and

g i A Geishatideritc P80 aprin beied fontgiption, wherein the
r6RBE 40O einkupRer didkiraed 10 ARz aBG &ﬁﬁ?ggd to correspond with the

sem conductor die 150 are of a preselec
conigurglioraef theyborwhigade i1 A8 aheé conductivs bamp1HG of semicengoder die 150

I PR BB S o B
bRRIPUSE LMSuB s IRE1ILORiPdr IRREECONAME bdkr. dAsHReh, %élfd@@mask 118

that the respective configurations or patterns o
maydews as op@ing D dafimetd chdretbroughmpsaltebftiaelg, full solder mask

cB U MO PIEYed ey S POHAIS G A SiraeRs QLI the
16B8HE¢ b RGN0 a§%€eszgcg§h} JEbafved Witk %eg?e%cgﬁf Fﬂ‘f?ss K A through 5D.

coverage nmay be pr across the ons 0
c ondyainiduetivertmngs, 1 56 podfadblygroniyeise) ot atel moin Sindfed to, conductive

b0t WiEh TR T gm%g N5daab Seatude but is not
lﬂigdec[)f'eﬁ}yﬁmsmpistz’ﬁﬁ% ﬁ%}étls G 18 Hrek‘éo'ﬂ stugq!ﬁg Rad, tin c%}rpe(r),fsilver

conductive Dbal ars or “col umms. e nateri
oc goldu Gdndectinenpsodditoraillddneilviders niaytalsoberspiployddialtiethgh gold
nown suitable nmetals or_alloys thereof, such

nd Pbggé?iﬁ?li Ypmpsappeyrrendly|pyelerred Thpsaidugiirduetnsidogpay be of

P s LSt ATV, e
(inchidary eabncdhduction eiaedrial)ehapingame b morayoriicite Bers of other

uni form characteri stics throughout or include, for
naatenigls therognc foadwtivg bumpstl Shratcapetsrably formed on the active

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

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

form flip chip semiconductor device assembly 160, wherein such assembly 160 provides
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(i ncl udi ng a nonconductive material) having one or

nore conductive |layers of other materials thereon.
Conductive bunps 156 are preferably formed on the
active surface 152 of each semi conductor die 150 at a
wafer |evel, but such is not required. Conductive
bunps 156 may be fornmed by nel&t evaporation,

el ectroplating, stencil 30 printing, gold stud bunping
ﬂbﬁy egvhrad theoradneivedrumpsyl 56 ara sbbtents brinebriedd @m cwesm@dmg

FI.G., 6B de rjposer s r at unted
A GHaper g Thiate S ARG TR s Bhfistive ol
tSRIRAPTEUL LIRS bARW 6fcaRB DO TH riccb&Q. 120N 8h&H dxs&HER 160 may be

assenbly 160 provides 16 that each of the conductive
nbuafrbsattlasﬁeeabyeths aﬂmsmlllélchmadméht fiht purtage 112 of the mterposer

e ess 120 ter oser subst

o Dnd W CerEREs Byttt o BsSHBRGRt GRS ) Bag e be
b@ﬁdédhcs tl@&cﬁm@ﬁ&tﬁffe p2ash: RfminhR 128CRIBER S 12Cél'lﬁi'interp0ser
assenbly 160 may be initially attached by t
saloiratd M@ b Br eammplegrenwinpethé bnsips $56 (iate CBQQof)folddu dumps) or
i nt erposer bstrate 110. The conductiv 6
cumos 18 P2 d3h HE RO pEcorsy b et B R pomps) a
kh@\%n SOREAUET I0tReRRGRo®Y oﬁb%hﬁ?n@%%wﬁ%@tﬂerhﬂt 8y ﬁtﬂ%ﬁsﬁéh as

120 of interposer substrate 110 by, for exanple,

ultefsbmiwion thetthal domppsssibB6 (i n the case of sol der bunps)

conaliiobr 2 PR ALy SRS e gty o i Hethod of

he EMEI}@ Wig & duct®Mie 150 in a flip chi
uf€ﬁ|§ed, suc agﬂ%% uﬁﬂ?gggn|%(2?&%ﬁ§§%ac 1o 1ovina tip Ciip
semitpnéstarateyict laﬁSmbeM 60. 7B @Al idtstsitasphe firsesurface 112 of

H%rﬁlg’%g%%g C%oqnﬁlto ‘\é\@}mtgl@gg ? i n g@e;%{gzggc&l%{or deTE (} Il)rrllgr to the

SETEenaL y'7%6%?9’&1?%t@?£‘%% Mm RUELR, cxcep

tisciedndoetivEliingks 156 bhehpesdcomiuber dit S0katy alcbgdh&}ﬂlvwiphdte 182
and facing the sem conductor die 150 prior to the

thegepiuphCadustive payie! S27may ge prarideg onithe pyraps WAdlpﬁmg the
EHRS S0 L8 s o Tt ERBRtle 12 P b MR &

oftnelse tian depagtiee didductivgrasrn. 82 $oldie wadehict |buﬁlpp ast.eThe
182 may be provided on the bunps by dipping the bunps
condyctifg pasie ap inclisisebitiis pet 1 og@gecgic spier, conductive

ells LANSY g
RS b on L HRRR A Al R0 UL b
1243k 0B e thiave ap asdningl B3 deined faretti@ughut, altemawiely, full solder
limted to, eutectic solder, conductive epoxy, aor any
mAsk CaWITREP WarBripioVided paiost theibokaawat FWdﬂlﬁféveatfftceSaASdUdmg the

1(2&? M o r% %Sés { ouéﬁe]&(%s esg%e% With &# {qglf I through 5D.

I ne er et ternative

mask me@maanrm B, hE avthheskrachwet tiivais b@hmﬁ&o of
conductive traces |nclud|ng the |ocations of

spainesdeasoridie 1 5¢ tmfomusgmsqoydw@%deivm@casmhiy 16 pyehereip gach of the

CI(:)}I uctive ﬁ‘umps %j@ are s&stantlally inserted into corresponding recesses 120 of

interposer substrate 110 with the conductive paste 182 engaging with the conductive

pads or terminals 122 in each of the recesses 120. With this arrangement, the

- conductive paste 182 provides contact with the conductive pads or terminals122 even if

some of the conductive bumps 156 are inconsistent in height, i.e., their free ends are

non-coplanar. Such conductive bumps 156 having the conductive paste provided




10

15

20

25

30

25 As depicted in FIG 7B, the interposer substrate

110 is nounted to sem conductor die 150 to form

sem conduct or devi ce assenbly 160, wherein each of the
conductive bunps 156 are substantially inserted into
correspondi ng recesses 120 of interposer substrate

110 with the conductive pastellI82 engaging with the
conductive pads or termnals 122 in each of the

thercasmeag thed Ge bdtddd th hhscaduaigaridn by tekmaB02Z il eédevses 120
Ogaste 182 provides contact wth the conductive

y ] au / ads or
BHFRPA%r shbrais R asprevagisly dnsciibrel inspwgiatipy &/ihipS. §4end 6B.
are i NSk S ool . N
e T T R S L
peepaditghyentingSiné bphidikg tectpdser st@maeon 0ngivh 4 beRicb®ductor die 150
bonded to the conductive pads or termnals 122 in the _

i a fléi S4B DB emeonTwter dryieeraseumlaly 60 cFHA § Andepicts interposer

B R bR REFRBI | Efeherda Sl it

peit€ned dithapbfingdwhrh RefePond MidNRBEIsHE, 120D URE chgRAde paste 182
bondi ng i nterposer substrate 110 with a seni conduct or

igithen spmad by p Aprgading mesthiep 1 34 peer Shadtersildi6tso thad she epmductive

ly,160, .FIG .8 [ ' . 110
pRSE TY 0chBteaih St AT Rofsi LY. TR Gleu DB 3 8 By
peibe ficdllgnifphhe chafub@id By 195 GP@BIsBERoNNIESR dFO1 SEFRRA Mtk
with recesses 120. The conductive paste 182 is then

regspiead 20 yn Bedpepaskrsybsiaih B0, a8demicted in HE. $BeAdtcmatigdy,
so,that the nducti,ve aste 182 i deposj ted i ea
ofpriete phle LELRN B uisBoneR 3R Feci g0 MEtBRL I aa Dot Tos.
uddghd Qirfac® oPlieRBIrRnéMSeraQN Gl by 8 steHePs 156 on the -
sem conductor die 150 with the recesses 120 in the

i nt er\gsk dre conduativepeste 187 imthedensss 430, FIGEBG.depits the

HIEHTC e
dePiRe a4kehBBL1 ¥ WlbRIPE&ch Iof (IEEHRRctE buldp? §56 aRSsuBstantially

stencil. th the conductive paste 182°in the recesses
mse@ed FitethegOndeqtivetpaste h82 iibthe rberesposding sedostes 42@ of thferposer

unted to sem condyctor die tqQ form sem condyct or .
SHERise LS ATBIYOTHE CRBPLITFIEA R e CRAMLGRAGRE | fopiovides
cRUIR3I AROMBHRRHPR {AMhBltoh bebPaGT the Q%ﬂcﬂ;ﬁéas 488 or trace ends and

conductive paste 182 in the correspondi ng recesses 120

thof candtietiyedserps 1S0ksen Hisemi b theAnnguativicbusipy 146 anrinbedistent in
in FIG 7B, _the conductiv? paste 182 provid

S
heiehb ¢ i Befaede AP IanAE € E‘tf}db}ﬁtobgva!_éQﬁn%}Héen be
bRARE I e R GBERE IHP pE vt REEBPEHE L ation with
HI@GB8 oo iasd 6Bt Itiwill bhenddrstood,. & .notddndbiove, filia steaditl $8@may not be
non- ¢opl anar. The sem conductor . die 150 nay then b

0
reBgdal e tst pkcandpindustc 18dps dispessd f&‘é)sgéadpanwes%wl 20
offBF [ QiBRSiloR ARR Ah At 16 ST ArRBE L BB Molager, it will

‘berapdersfoob éhat conductive paste 182, if eutectic solder, may be disposed in

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

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

di sposed and spread into recesses 120 25 prior to

di sposition of an adhesive el enment 116 over first

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

di sposed in recesses 120 and-i%en refl owed and

solidified prior to attachment of sem conductor die

axess 620 mtdielpdse membiss 1 | hokinletposassubgtrate $ ¢ onet copflhasive pad or

to. i, d jndefjinit helf life f i nt
et 4¢ 6 1 FrdRe e el y,  semi conductor di e 150
may b zﬁfui‘tﬁ&eﬂteﬁﬁti%,tarbdnﬂﬁ&f%%ﬁfp ﬁépﬁ)tﬁ'eﬁlsgd %%%er@ﬁ t&Speration

conductive paste disposition and'a single re W
vathpdray didu ofd GndBCtivesbiamp &5 eargediby semicafduatos idigl 5 may be
conducti ve bu 1 carried hy a. sem condyctor dje .
1R e TS5 A COU ot e o Er RGO with
2 B2 eHR R AR Al BuchtBa BithiE Bea 1 30cH @aﬁ%ﬁaﬁ? bE bedBITOET

111 of interposer substrate 110 over conductive pad or
eteetrniytiedlly] 88ingh bas bonchnnected td carh eoddntivésaa f2dt ohiey

| ternative, a_ conductiye bu 156, to be used either
c qqtre%ab@mga SRt teghopsiss DFREr n4n dtict i ve bunp

156 [ . } Gang [=38 -
in eac Sg%gr2?é§§%§§%§%%%&?gﬁgE&%%E?ﬂﬁ%%g@ﬁg%ﬁfgg?ﬁ@Swae
dpsutibed thitdemathod bempdn gva fdurthamethod v piepaingpireuntihg satbonding
.as a suitable netal. Such plating may be effected ,
THPROET SPYTatE) J0o a&@ﬂl@nguws iFilAR I At seRigoRicter device

: 1. _ Lng. tha

oA 18 ek sinfllr B he RFREROR S URGAD L FIBG A - 5C

ofl epividing comluctivesphstrino sclseftthe exradsey | H)yexadpt thevwehdwive bumps
of the above- 10 described third nmethod, conprising a

1p8 are Witipdy NoeftashedsiodBe powpadsd dR of Hig sswoegﬁﬁ%‘ae 156. As

APERARERS PRI CA ) AT AN i Sy v

aveaerhbeided ints the doadudtive phgte 11 B2 whidhBr Bqaedsustesaeadi@eh the
8A - 8C of providinglconductive paste in each

reAeStoRd 2P b Begelsipesl SobstEp 1 RERGSIDeE] L3S hp s iegBtuctor
B F0 Bk Bl B BENREL BubiS LRERIPRE P RP2 Bl e fgorposer

sOBNIEtCT TIovidrdhbigiBodiied therdib\arsfdepidicdfin BRES. DA SOBN TAS conductive
netal balls, are enbedded into the conductive paste

Page I&Ama cappripe esdldersysitablsytedeth band nerde 15§ endeepndyctivepads or
tQinibd§ 12058 go%%ﬁ%tix%ﬁ?}%&@#%or%?ﬁ a-crltﬁgsi‘p 3 r&g w?l??]%g He8nilstood

e sentconduc are a |gne61MAth

ag@agpretintee thl opsdutBfe bitnp 54 REE EREBeIVEDcdniprida@older, such as a
|nter§@ser substrate 110 and then nounted thereto, as

PiSpiselet] ané comdagtivapmste i3 elintinated aritlee parapriinga sempatide
Sgﬁ%rconprise a sol der wettable to both bond pads 158
and ‘conductive pads or ternmnals 122 or a conductive

or CONCRIBEr dlichhRitre A8 85 béQioublly dkdribed hs® rBect to FIGS. 8A and
understood and appreciated that conductive bunps 156

SPay conduetiae Yamp d §hpr beesedan diew of & gerlugdvesbump 156 carried by
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

bumps 156 may be formed larger in size than those of conventional flip chip assemblies
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PbSn sol der, and conductive paste 182 elim nated or

al so conprising a conpatible solder. 25 As a further

alternative and as previously described with respect

to FIGS. 8A and 8B, a conductive bunp 156 to be used

in lieu of a conductive bunp 156 carried by

sem conductor die 150 maybe fdfred i n each of recesses

120 through plating of conductive pads or termnals

withdutintieaging anduat whie dair@ssiigl thetbelphast the $lip tldplsemiconductor

metal. It wll be well appreciated by one of ordinary..

dgvies psseRbBhkOOaresuliing dn tl@.lwe,réa%%elsawﬁgl and eghanig) ﬁ@lé%”hty and
n I

ol Hfhoh PP FRERRET B B b M BAT Sod L 18 he

selaitoaguadGsiodsy B@ther, Shéitedses exh 1n'|ih@fr@érpdis%r substrate 110
conductive bunps 156 may be formed |arger in _size
Prfade ahigberent altg@mémsv@qﬁébsw irpa mvsntawéﬂm Ghiny ser&lgonductor

PR TR A -
cd£8spon@iag rédebds 1120 t&&shf&ﬁ)’r@ﬁ&%h?ﬂn@ﬁt%ﬁ ﬁ)hﬁ:@i‘ atfdtiment thereof

mechani cal reliability and rmance of the
In mlfbtd@m) Aheedhesing ebewkbw Qm@leuﬁﬂﬁt@nﬁ@@elrl@fbl@q WErpOSEL O

{ .
sl B T Et e S befl o oo G ¥heat Ty R AT heignt.
cbb@llcR fér ralidle BeithnRAN&0he 8RB hductbrAis DIME Nhd Pidposer

flip chip sem conductor device assenbly because the

S@‘Eﬂﬁf@tﬁ:ﬂov@hbli@ﬁb@e ﬁé@se@@meré |1l 6lend/nr dretchadyctive paste 182 may be
I‘ r es I‘ cesses

PR Rant B L R Bef OB R ERrd AondRaFEBHhS sippp, recess
depils bhPPlaniite vadnes meheeél@faeeg oflcﬁél b4e€ sibistrife 110 and

surface 112 of the interposer substrate 110 as well as
smhemn@nmmnhc@éopaste 182 in the recesses 120 nay act

h | h f
Che- AnAOdndnETGy p atclesis BlrmelifllchsSuntodigm el
“SAGr (I RILGIA) S @g(g@@h%ﬂﬁ( 2B AlroddiPoatgor3 of h‘?le method

conductive paste 1 used to conpensate for
eanpjoyied teguplathe ﬁﬁlelsrndtaﬂaltléwﬁpne&dabdphyj dispanying udgy pressure from |
si zes, . rece variation in :

th d pl
CEfFRE BECR b T 1 1yg0 eh wRO ab et 1 B e as ghvity and
vﬁﬁﬂhﬁ; ﬁ{]‘égﬁﬁkorln%ﬁ manfler, e & daaecctﬂ?\fiﬂef ﬁlla!: FH% 1689naybe applied into

dielectric filler matefial 166 (commonly ternmed an
tl‘ianpzbarn‘g ]I3IO mose es 4 by froy threuglpthe omdtiply pappidseld2 and into each

of Mhetggessiat 100 L g g P ABPJICByC BSpe bt o Heds1 S8 and
cﬁ%f.ﬁglgé Eaésrd}%mﬂh PeNs efh@&@%cﬂ'ﬁ:dﬁllel? WatdBY lﬁ@ﬁaggg s@f¥uring

nown 1 n t e art, such as gravity and cuum
throjiglca ic]mgmchlrreﬁdﬂnoﬂ orenciee acdeleeateld BY hedtyulttafiolet Bght or other

ggterlal gge applied into 20 the openlng 130,
1, 8T gthey %Wa SRRADP HY FdghiofREM At least 9 semiselid appss iny s

@ikl 25@ 8aGdi l%trfclﬂfﬁle urrps ig%é&%o nﬂ% %fé]lldéni%%sce@ﬁ%ﬁaent of the

around the conguct i ve
components of flip chip semiconductor device assembly 160 as well as precluding

shorting between conductive elements and protecting the conductive elements from
environmental concerns, such as moisture. As such, compared to the conventional
underfilling of the entire semiconductor die, the semiconductor assembly 160 of the
present invention requires less time since the filler material may only be directed to fill

the recesses 120 or, rather, any left over space within in the recesses 122 proximate the

interconnections, i.e., bumps 156.
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conductive pads or termnals 122. The dielectric
filler material 166 nmay be self-curing through a
chem cal reaction, or a cure accelerated by heat,
ultraviolet Iight or other radiation, or other
suitable nmeans in order to format |least a semsolid
mass in the 25 recesses 120.-8ich dielectric filler

-material 166 provides enhanced securenment of the
conpdinenng bak t6 klieghirdiapd smwihooettods depictishin ddGE s34 r8Cand 9A -

OB e B s e T S AT
éﬁﬂl ﬁﬁgﬁ?&ﬁlghfﬂ% EREDS 10SHE Re@SscH DG bitase the re%H%@s 120 are

conpare e conventional underfilling of
selystantielly &Hed wrtt wondurctide paste h82. SEimreforediias mntasplawﬂltlyat

S S T 4 s

it (IR thie® SRPRR/rd 2t/ ds MALRE be nBYsdref t Over space
wthin in the recesses 122 prOX|na ‘e the

i nt eFEGnHeadso depscts cor&luptlmlb‘qﬂs 163 /such 20soldarballngr dmamnitable

to, the thlrd d fou tho s depic¢ted in FIGS.

cgrdusihic Baterigh H@wJﬁd&t %‘EIW&PF‘ ; oo meoisaond

;uqcrtcel*ﬁg of 'fhesiﬂgeﬂidg@[t stﬁggéatg?y NQlcH REhNER - B81s Pt%'ﬁhgﬂ He provided
or appl ying l'er material to the recesses

phiec usesubdegquent mceélspmsibg(lhaﬁﬂer malbsalalrt%; aid fymﬁatidrﬁﬂereof if

wi th conducti 1 . Th fore
f%fBFF{A Beb Rl iﬁr SKILTB Grec AGePiaag BPRIIEYh
e eﬁﬂi@%‘ﬁ% ”O&E.Sfeéﬁa%&ﬂ?%ﬁ%@% T hade Ry sondopive
bakc b&sany corpréze diierahsaride puci & mdﬁhmblepexlbaad)ﬂ @ndo6or-filled
such as sol der hall or any s bl e onductlve
cRYiE: ABd mag SOMBHER Hthersh éPeSt ﬁ@ @é HEPE C@@W Poprs. Once the

b ﬁ‘s’r@' pals ltdgear%ﬁﬁﬁ@(‘i' on {t&%@d go;rﬁ]egﬁti%gﬁﬁggﬁsg%%oﬁ%rmd the

substrate 11 con uc Ive

digleutticllleriBatpiial 66 thas Beensbeidei@nilesirad di semsiard), ithe
filler material 166, and fornation.thereof, if formed

seppicoBileraer die $5¢ may thepbesitherpasiinlyear fﬁléssf@cm%l Ftedhy f11 G
eﬁ%ap@ﬁg%&p?ﬂp%%sl SR{@%SE&&&W&% eﬁs% s 10 eﬁa‘?‘iég ?pgpmed in

conducti've pa cours con |ve
F1G21 Imely: thOEMRE b partihieéndapiiating the samedshcnﬁto@ arwllm env@psulation
epOX|es or conductor-filled epoxies, nprise

16h e de dispensed by wligpgaser é@a%}ﬁ‘isabawdhg ppm@hegf ofthe die 150
I
AR SRR 10 445 ATl 35
ehédpseiatingihe rsbtﬁicoﬂ;@ﬁ:tdﬁﬂﬁe D@ RenpiRWiadesimateckiall B6Y e beprovided
neceSS|tated) the sem conductor die 150 may then be
é’.dﬁpénmw rsmna}qavng) zlqhutopy peirelding) wanséermyolding, or any suitable
SSAREPEHN L 3 AP P b il Aol b BB 1

behgplkast thé bR sidedr IshrfRdCiapdfitiad deffcdrdQctof HedS0WBIA may
di e 150, encapsulation 20 material 168 may be

iniledrentdeaiwpfpr velpanbespireaaingd priebioutispensngaddionaly of

' eh@a%sgllaﬁo& glglterial 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

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

| eft exposed. In the case of fully encapsulating the

sem conductor die 150, encapsul ation material 168 may

be provided by dispensing, spin-coating, glob-top,

pot nol ding, transfer nolding, or any suitable nethod

known in the art. It is currefatly preferred that such

encapsul ation material 168 25 be applied to the back

csné@oﬂd aﬁdl att:abeviltbébndbciiveatie 152 oA thecodontduefadd 014 of interposer
i nclude_ at the wafer |evel, as

S%lpﬁtlﬁtecblé)t |4fg§u0bfth% flin ¢hip serpisandustpraieice Flﬁﬂﬁiﬁllbe 160 may be
n?&ﬁ%ﬁ&ﬁ d%']‘ecgl%aﬁ& g@llu'lxe%gﬁ 18 QL%JS a ehlrelo%er ' (pv(&?{ q ﬁ:onlauctlve

sem con order

(wn@@psansanazrtg thidwbstie p&R.176] G dlkﬂecaicqmea mlt@ias (ot | ’s]ﬁbwn) as
chi p sem conductor device assenbly 160 attached to

kapwn e thecaat mpwthes bp gppliaddetween thedip elbp semicpnrdustor dewce

oS5, o AR Bl R 8RR or g B Sl e ©

iigERehficttiond, Ve tondidfivEBAls 164, theRPefweshl f ace 172
bearing substrate terninal pads 176 arranged to -21-

cor r ddgohdidemets aﬁh@dﬁp\ﬁﬁmwonmmqvm apseiibdy 1@Pinghudirge heat
f b t
L TR A S

stiEYceliE 2 JTekdibirpakt %b@fﬂﬁe%@ﬁﬁdl fiddr ke £MBASET ﬁplast Drthin,
substrate 170 by refl owi ng the conductive (solder)

ﬂtﬁamlakly toxuctive metesiab skhredteat fpangéer Ei@neni 180 alagelspibe provided on

e 5 SR o2 IR RSP PE R e SOA APl £ aftaes T2 of the
6teMos& subsifaed Pl Aﬁﬂh&%ubﬂ & ©HrbVi8E tRuRel fRkRr 3:1%91&19[ 80 on

securing and protecting the interconnections, i.
thobrtkstifeee e dfshd Micardacebdionksdras skh @ 1mizrokiap]mﬁss ‘Sach heat

R SOVt ot S8 SRR A9, 100 B0
a?h g@i‘?‘é‘l‘ﬁte& &BnMR¥ eRetrRRA ef¥ OF t}jr'erb%nﬁé nﬁ\t.l J&?dnt% E gb h&to

of the interposer substrate 110 an
remressueh htdidras the flipichip setiemdattoy dmc&jassttmtvlg 160, to reduce the
eat .transfer el epent 180 nay Iso

I
in en BG STk S KIS g oo andArggY of the assembly160
f
HACEAREAE, e S BRLLOURY o RSB RS s
p r ov 'Tthe Heltetrdnser elerrent 18 mey berfurined 8@ anythetrhalshaokuctive

e 154 of the, sem conductor die 150 _as shown .in
ﬁﬁ% eoppey,aMl Hivsts %ftsmﬁv alsecampgias s theraalbpganduatixy

r,og! t
“?33?‘??23‘“" SAAEIRADRIAR LOSLTR SRR Rncor
dofmdridecongpusite depuwsital ast thinlfln anthyéro  renove such heat

fromth fl%gi chip sem conductot devi ce asserrbloty 160,
tor n Eifgs; hhaad é%BﬂharﬁﬁlmoaseatS}l@ﬁﬁ@tq H G gfghe present

AL AR AT AL o bR RSO o0

satﬁldoﬁdmtﬁbﬂhgai@pﬁdr@ﬁngwplﬁlﬁimjé6&&1@51@,&1iated semiconductor dice 150 and
then singulated or separated after assembly by a dicing process into the individual flip
chip semiconductor device assemblies 160. As used herein, the term “wafer” not
limited to conventional substantially circular semiconductor wafers but extends to any
large scale substrate including a layer of semiconductor material of sufficient size for
formation of multiple dice thereon and encompasses portions of such large scale

substrates bearing multiple semiconductor dice. In particular, FIG. 13A depicts a.
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20 The heat transfer elenent 180 may be forned of any
thermal |y conductive material, such as copper and
silver, but nmay also conprise a thernmally conductive
material that is non-electrically conductive, such as
a thin dianond material and/or dianond conposite
deposited as a thin filmor t3a¥yer. As depicted in
FIGS. 13A and 13B, the interposer substrate 110 of the
s dadtcros@ Sectivnelviewof amymalondudier Walen2d faning iaavdfyr soale

S SR ZIOIOF 16 Bhian ghehmeat BEree ] EeaeaAngReior
“%f&@sb%giléa@elféﬁaﬁde%llﬂaﬂ Rl Hu&%dﬁ& iad e6h & dcfﬂﬁfmlﬁ and rows

assenb I cing process Into t I ndi vi
sefrurgbls e]ning bmdlﬂxst%B ad ehoveie 1rdﬂsle¢lbllmesswhﬁem thswafee 050 mcludes a

RN WL T RO T
USSR 1085 SR AL P o

whoehnthey ere fofmedl ti pl e di ce t hereon and enconpasses
portl ns of such | arge scal e bstrates_ bearing

mul t i} @%@%%@H%ﬁﬁ@f%%iodpﬁléde% ah%ﬁéﬁucf EHP Lt andgs @COII@A
sglg%de?&% Jﬁﬂt?%l}llt%{%l:és%is?% acf}ﬁ%d glet\f/i\g gs?ggrg%c'e@ivz Qha @penings 230
hiavine ppsagss (aodxhbwa) forditd irpthececdnd sotfheedd 14atTha kot 220

t hereof The sem conductor wafer 250 collectivel )
forradn dae BiArRqsst wibslEae db ardnate taicemespend nsubslapirly a mirror

358 e RSB o] RS R pr UM, gy i
nsdngier, e 1ﬁt&p§c381esuB§téatalaﬂ) Ay de hityches tr fhecafad320anglaeadtesive
sem conductor_die 250 i ncl udes conductive bunps 256

eieﬁne&t ébhpn therfist wrfaer 2hlaefdhe mtevpﬁ@r Behstratsd 8 so tmt ge
I é)% Bak Iaﬁ¥hefa\§7§fe{ %U@g ms-gngcikl@ %g{anﬁéi rteéé?{(e% v%&%& ZIhe

€S a surrtace a secon ace

itdltipleFedebiad R0 FRERASE ehezlatérﬁcﬁémdsme 2 h@tof fofifi ta vedfed ReR
212 and openings 230 10 havi ng passages (not shown)

aﬁs‘mbéﬂflqiﬁh ag Hepigied ahBIGs JpBaddiemafer appramlile @ @m@yﬂzezrbe singulated
o(ﬁlggad a!lor}l ttﬂg borﬁ%s 238 t l'rels\kg&%} ﬁﬁi Sia ]dQCH?%I%en%gli such as a wafer

correspon a m rror

SBRITB0E® ﬁfrhﬁblﬂﬁ'idu@ﬂﬂ%hﬂﬁé‘dﬁn@d‘mdubﬁ)r deee Qsﬁém@lﬁestthﬁ each include
waf er 250. In this manner, the interposer substrate

ong Or FEye W@na@rtdaéﬂ@é dict2§ 1 taingshescpamtedintermasetsuhetsite 810 of the

1 first surface 212 of the interposer
%%nlnv?%mg &%ﬁthOQhe 15 bunps 256 on the wafer

250 180 hinEewats 1dvel shPdithreHBSdRBEscAbdin86RIAlRE with FIGS. 6A-
within the nultiple recesses 220 fornmed in the

6Bn {/ &r foSer-86uBt I the @nduetty eftymmsa Shatayrbedwafied to the conductive

nbl y. 2 d in FlG 13B - Th f _
LN R —
chhgedp Qfeci“@ﬁl&o%@é’bt@ff whit£2 Yiothe #akr Ytde Mtdth&dePSuUFBARES10. In

such as a wafer
addition, dielectric filler material may be applied through the openings 230 and

conductive balls 262 may be provided on the bond posts on the second surface 214 of
the interposer substrate 210, either prior to dicing the wafer scale assembly 260 or
subsequent thereto.

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

bond pad configuration on the active surface of a semiconductor die. In particular, in
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saw 280 to formindividual flip chip sem conductor

devi ce assenblies that each include 20 one or nore

sem conductor die 251 having the separated interposer
substrate 210 of the present invention nounted
thereon. Also at the wafer |evel and as previously
described in association with2BFGS. 6A- 6B, 7A-7B,
8A-8C, 9A-9B, the conductive bunps 256 may be bonded
thie fitrdi eltemathves thereis apddhamrd Boad pad absfigunatidne wheeassaRiple
220 tq tgﬁ%efo e, nmechanically bond and el ectri cal

reassses ARG ate forBed QYR isenpet BrTanapés obiterpesct FRbStARiF @1 O that are
oG SepORPln U Bhive dembills 20 Hobl Rl on st side of the
bofeof tigs 234 stdeercthe @udd iheteofall snolbiet aleshakiee pycess ded
on_the bond posts on the second surface 214 of the
cppfigiatien the rasetsesmay ba frrmed imap interpeser sepsipieiangpndifeperiphery
I Ly . b : .
R SRl BRERI R i I AR Bl S oo

sabisite 4Utewith Bn Réhesivg edent il @ atNBEdnYe® poRIMSH interposer
configurati on made for corresponding to a substantia

subitiafeot1 () gpdgecessas Rl formpddbererbywt and pioxispate peerphary ef

. f ' r.die. In ticular, 1n. :23-
Rl By PR APROHE b il oo ot B0 e o ecess
cofffirgtiéBin iBRrpostiesiuBktiatet] ¢ isphRle th @68EHREd 3@ AiBstantial
fornmed over the upper surface 312 of interposer

“Biifsen image” barwl padsonhguration emyaeectivi sutfecesfapemigongdpctor die.

w th adhesiv | epent s.,.316 di sed on _either side of.

the AORERNy BSBR Jich thobba 185Gt rt s Sffuftion, both
tRODERPEd ahd Bk lib@fiff)l’{&y EQERASatons ABic@HIRFIGE, 14tA8 15 may include
recesses may be formed in an interposer substrate

08e OLAYTQOPENIgS e p purfadeent dlosf integprsir subseataappasing hat through

igted in FI 15. of t I i
TP s e fesBtopmst §10p BebRPedodhaliarieRotlosnghet s o
rédesfesC A3tsBE, ROl Bht & moDARSPPEGhpSHRStiERHB L Fieah the
recesses 420 formed t her eabout and proxi mate a

ipterpioptreuhstofte, digiectrip fHermatatisitmant ke #pdied Azough thhepening and

i fi ' , .th eri phery rece
BT S B0 5P A P na b P M EER5.
1o caGespanscidhichsd sSHRALPRENF a'é@niéoﬁﬂudtgia&%}nﬁw 2do

pad configuration on an active surface of
isdndiog a demicondditer. diddSpmeviied Shoe ddesctoiabatepiosdr substrate 410
espect t

the center row recess.confiqguration, both . .
e B e A oS A PR A AR Bier oL FBp saliclectric

fi1Rr Fla&Rial 162 ANHe AsicBY AGKE | HPGrticARE, BElERE ?illgpﬁlﬁieﬁtgﬁ%? may

Iin a surface of the i1rterposer substrate opposing
belppligrhbyl dispdrisethl Gdhaeourdabs pesplareof the nadiconduttqrals 45k that

LIS LSS oS S 05 SR SS0RS0 e
bt\rrlggys gg@tgg alei&ggﬁef (ﬁllrtj ggﬁgﬂ%t{'ﬁ éAg l%lgérlﬁ? ﬁ‘ger dé%lgétﬁl: lefltr BBl P2 is only
needed proximate the conductive bumps 456 and not under the entire die as done
conventionally. The semiconductor die 450 may be left exposed or be encapsulated by
encapsulation member 178, which may provide encapsulation material 168 to the
assembly 460 via dispensing, spin-coating, glob-top, depositing or transfer molding, or

any suitable method known in the art, It is preferred that such encapsulation

material 168 be applied to the back surface 454 of the semiconductor die 450 at the
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passages to fill the recesses and protect the

conducti ve bunps disposed therein. FIG 16 depicts a

cross-sectional view of a sem conductor assenbly 460

20 including a sem conductor die 450 nounted face down

to an interposer substrate 410 having a periphera

recess configuration and an al4ernative method of

applying dielectric filler material 462 to the

vaserdensl pr Idlﬁ@f to Idisppmiltg' thafidler mafeslbbdZ dhout fhe ipexiphery, to facilitate
terial applied by di spenser 164 around
mﬁ@?$ﬁ% %eﬁ ' sem conductor die 450 so that

t he gigh&cty t'hfs ditetraBVe, T8 ?Eéf@ﬂredlﬁét fh Q&ﬁchﬂ(ﬂﬁfort(ﬂ&lm B

450 and arfound the conductive 25 bunps 456 adj acent

asdembdideanddongdetoythe merpameh subistratedil 8Ivatht the coridulcties bumps 456

ophse 1Rt st Padiad B Fhaosbed 1 ES. SAREARISESR! fowever,
{59 QM&H&&»%'}Q% so &Hﬁ@%@ FORAECHQERLEn4PES "W ﬁﬁeaﬂdem 7B for

exposed or De encapsul ated by encapsul ation nenb
adsefbling iand bomedingtho lickes (etothpBirposeo subsarate il 6l 168 to

T e e N
d§Wc %Q&bgeff{@g& i nt fhve oﬂstm%dn'{e& to arbﬁrgﬁl?'bf)iﬁﬁ e’5t76?§uch as

such enca material 168 be applie
pbaméussudtﬁameemmmsubmwsmﬁ @rom deropwier YsendH 0. dh thdm)mputer
-24- r | evel rjor to dj spen5|n the fi]
Syerars0 I5W§4 the scuibnsed § lsﬁéPPiﬂ‘Fé‘Ir*Q 2 Breop R Yiees %5 whighy y
cgl%ﬁf?l%élte%tduﬁgarf ﬁﬁutdde%l ?%9 4 ahl 5.{% Bﬁfpu ﬂanéehjﬁ The input device 574
ternative, s preferred that t e sem conductor
n@hyeb dbﬂ&ybswdmsm@bjogshdmd ang nthed coropdtheinput devives &he output
supstrate 410 with the conductive bunps 456 5 di sposed
deice RO BN bE QtMQratoppEiéer P8 stogagediexice; ek as mdisk @gve, or any

B R Rl s JROASKE ceyich Sy 2ty BB AR R0
nhiofopraessendt & Gl@c@ﬂdlrd)ﬁi&ﬁjdlﬁg Hdﬂﬁvﬂﬁe&‘oﬂ;ﬁrﬁcdsﬁng leemputer

i nterposer substrate 410. As illustrated in block

ingtaigHens. rAstditions! strushirs dorthescomputey gystsme$iQyis readily apparent to
assenbly 160 of the present

|nvéﬁgﬂgﬁﬁ%g&ﬁﬁgﬁ%e ‘to a circuit board 570, such as

10 priavi fudsikbyapibrGet $6 Blplemktigl the phsthitdhe@nlidh) and i depicted in
nEuter system 500. In the conputer system 500, the
FéG $iian ingmogersbstrale Hidhmay bearovisied havipe sqndiictive fraess 124

12?1%%1 @@t Stl%gmg%?g&%%. eré(&é%&n%&uf\/{'@é{;ege?le \{rl (Slfém%éliy %%go%rl]ed by

slsmbﬁ@ﬂdnmu@@condwﬁw BlmP 1 56Nfor@e BY refWPUE lddrpetduring (if
devi ce. The out put device 576 may be a nonitor,

aprepaxgrof emass of eqneluglivd peste 1$3ch tla:éwétom aficagh ragess 130. A
& él&:t%é ﬁﬂtgrhlile‘lategglt l%létlp ghev ! d:isd)ots;:r({] Svd oS den ot bl(ljnelvsl, Fﬁia In %ach
8ot Tt e N Cropr ocessor

r8¢ers§ U206 aCobbthnl PCidndbaGIuBRE di’tﬁfﬁ) daBiyinpl 00 Bty of conduct1ve
nputer instructions. Additional structure for the

b@mp@dtSéb aggrged fosOQeimpsed donipctpita cenductive bumps 156a when

semiconductor die 150 is aligned with interposer substrate 110, is then aligned over

interposer substrate 110 and vertically pressed thereagainst as depicted by arrow M, the
die placement motion squeezing the non-dielectric filler material laterally outward so
that conductive bumps 156a and 156b meet and make conductive contact. Adhesive

elements 116 may, as shown, be used, or may be omitted, as desired.
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those of ordinary skill in the art. As a further

approach to i nplenenting the present invention and as

depicted in 20 FIG 18, an interposer substrate 110

may be provided having conductive traces 124

| am nated thereto, the bottons thereof being fully

covered or, optionally, uncov@fed, by solder mask

118, and a conductive bunp 156a fornmed by reflow (if

sol dén } variatirur éfithe {pproachrof EPO XA, itk aBo rastempiated that, in licu of

conductive paste 182 at the bottom of each recess 120,

uRnE dicdeastis Aller 18 and o pravids integRosehsubREHedp-gjsrslbgsive instead
[ [ 0, :

o S e ot W pt ¥ T, Ly BB CR ok BEENCH A in broken

linksinal I, ¥ 8 bk disposhdaivierv@terposep subkbtte 1d0mgREMAIn of conductive

superinposed contact with conductive bunps 156a when

bugps d spritheresn agdl erienio assenzhly ynldip semtipendyeter gisslap carrying

_ . % A
oBHARHYEbGmps et HEFeBet OB Qe 150 BRSPh supgrrate 110

aftefriesicd to deyhe udvpsNIS64 Bl 1 55ewil B theMincoMductive film to
squeezing the non-dielectric filler material |aterall
% ﬁgdude the

igtiptgapeuselantrieah sentes tepyehictweenp Suibebla Bercoadirtivs bim

' | hesi . el .11 .
(R RO SE AL SSERPih CHEEY), FpuGhaLE g piision.
Japa: In a variation of the approach of FIG 18, it is

‘al so contenplated that, in lieu of using dielectric o
fi || dtis fashersantempptes thateansappraach tpBwawresent invention, comprising a

-10-di dh ' d f '
AL 0 o000y e P
dshetfic hidnibePbEinterpds® Betiedr b dibfeche: MbSPOS 8HaPY¥SEmployed to

interposer substrate 110 after formati on of conductive

implemepsa feded inkaspessnsubstiatp padrage ecepsdiogitd thewreshntanvention.

R bty M o S vty
dsdeRsbd i BIGKL Q9 b8Pt B TRGutLURLIREHhan BYRhdkaf? 1874 may be

156b wi || penetrate the nonconductive filmto
emplayieds sepanateddiy adielettric dayler anhingartortniceted be tesired or required using

Sui t abl e. nonconducti.ve fil .include.the F511 and
cOpbisTVe Vi PreT it B FPRUEHYe B mesbhTugrbEsihe
iMREnB6h 8hd fMIR#AR therdd HaRENr, th aliitibHoF R8Econd conductive layer,

contenpl ated that an approach to the present '

off neesssityp mcreaserpackigeglepth drlthickindse, wintke npydenndedpsbledt some
.%iin at | east one conductive layer lamnated to at
1 ?i%‘gs'one di el ectric menber or interposed between two

di el §4&r | € JHRER G SnterFBYer RELEAR ONEAHIA miy R gtetitﬁeer a dual

fol ded 1 nterposer substrate package according t
cpnéséine ldyevendingle corkhicSey layal intexanpt subytraabadidipatesthefpresent

S B Sl T S oRASAERER S0 G RC htes

s%?coﬁgﬁgbﬁc&if:é/ FSdaaa)ﬁﬁg SR YhePEbeth iR 8 g&% foé@é?f’iﬁ e¥bBtrate
dielectric ayer and I nterconnected as desired or

paelgugie 16680a. UShergemiconductor dice 150a and 150b are flip-chip configured with
conductive bumps 156 projecting therefrom into recesses (not shown for clarity) in
interposer substrate 110 as discussed with respect to previous embodiments. The
standofT areas between each semiconductor die 150 and its adjacent portion of
interposer substrate 110 may be filled with dielectric filler material 166, as may the
peripheries and back sides of the semiconductor dice 150a and 150b, and the bight

area 190 of the fold between interposer substrate portions 110a and 110b. Enlarged
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conductive vias, the use of a single conductive |ayer

being nerely illustrative of the invention and not

limting thereof. However, the addition of a second

conductive |ayer, 20 of necessity, increases package

depth or thickness, which may be undesirable in sone

i nstances. FIG 19 deplcts an2é nt er poser substrate

110, which nay conprise either a dual conductive

cbm;m;tich elemicnty| 182 ovydecnipleycdddy eontient the pusposes gisstmatet 1 0 to
Cg qguleﬁ% E(%)%Itlg g}l d %Sr%agcnasinefrl sr&\gs edm%@%)mw? a.r,pnn?ed cnpcuﬂ board.

Eﬁeﬁl 1P rRBSHin RPN EHUB BB g0 1301 AT BRrposer

therebetween to form fol ded interposer substrate
ﬁaﬁﬂanmcﬁ@eﬁooa' ey de rfmmmdd:tmemecuv&iye cdibBetirprrgni&didusion

I R T
tl‘fév\;ln?lﬁ{e}éﬂ? ded"e%cet ﬂ;ﬁo‘?ﬁcﬁﬁsﬁba SHe n‘gi (gjaqlﬁroh%lgingﬁle‘#éc%‘?@ﬁﬁ@rqnatenal 166

previ ous e nment s st andof
batveas abﬂe/@eﬁac@axf thesding amahahoat the lateml ﬁ&fphands théisof and the then

foldlopahe sybitniaiaP bt adlrpBsraiondice de s and S e-back.
CRERLALIENHSE RIS 00 400 sl EATILRLEL e
nieériud 466 matyehq:uﬁwffeewﬂsmd btlmpprg\trltlomiaﬁgéd) eoratudtive d:l&hents 192
Enlar ed -2 conductive el enents 192

?rocoea?fiﬁ@etto ef lsvel geisgingsmpy bs eqrap! Etfga %&ulatm of e exterior
ﬁ]fﬂ&%{ﬁht@%ﬁ?keﬁa GHAN gﬁ) mwBQPﬁ%I&dga{H@ﬁ%ﬁga&[&&ﬁ dﬁlgmber

form rinted circuit boar ry f

sueh wanﬁ]sxeha\an@sﬂdﬁatee tharethegeh®YGehicleanlhdgsd comludiet elements 192
i nt er poser . substrate piggg?e 600a may be faqrned bé
nd

mw&wﬁwﬂb acopHsEYS %wau@f BYCrgosgr sybsiraigd |
150b ¢ f
AN R s

tdd Talda ttdprbﬂdab thre@ tnuadluglsﬁgerdmaise@ bubs@rafeipottems maogrlilab and
166 between active surfaces of the dice and about the

1t B¢-e Fhtee perpicppliictasdiqenidlasrarapige emplayed in thisamehadimentebut the
ﬂi{%ﬁémg}ﬁ lefclg%ﬁ\[}:gpo%g%%%%tﬁlﬁe 3 ‘13 18@ &ge %%ﬁfcg?du%?or ]d?ep ?5(%8 g'hich is

back apsul a on o ortion

iterfed ! Ngaih aahdOff atldak fafd Bipht Giiced BRI thbgbé ﬁlléd?'ﬁmﬁ Qlelectnc filler
material 166 may then be effected and bunping with

regierigd J 66, Easﬁanlw folded|intgmese sebsiratd pack trevisy Holded
he k b f
D050 LGl BREHRIDS TR DEREIBY RL RS RLIRD o

ace O

sBRideheavdteed coM $0a, BSOaHArisog tslinelsest rsid% ommtxgbser swdtraaﬂ 10in
a filmhaving apertures t her et hrough by which enl arged

upidedformever @ﬁwﬁtgraﬁde apaiportions éOawlil@b alctUﬁ)@umttrpd@cmg 2
ot _sho er s str 1 5 Fl
¥ Gip PP TRB o ety Fedh P ARG sBaR ol L e
iR st RbarRO 1 100%hd dbot thelpespheRicd E&Yécﬁ&hérhf&cﬁn@tﬁd@bbﬂate 110
superi nposed substrate portions 110a, 11 Ob and
and adhering semiconductor dice 150a and 150b back- to-back and semiconductor
die 150c to an exterior surface of portion 110a, after which bight portions 190 may be
dielectrically filled with the same or different dielectric material 166 and bumping with
enlarged conductive elements 192 for connection to higher level packaging may be
completed.
FIG. 21 depicts yet another folded interposer substrate package 600¢

implementing three folds to provide four mutually superimposed substrate
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110c. Three sem conductor dice 150a-c are also

enpl oyed in this enbodi nent, but the third portion

110c of interposer substrate 110 |ies over

sem conductor die 150c, which is inverted. Again,
standoff areas and bight areas 190 may be filled wth
dielectric filler 20 materi al2166. Exenpl ary fol ded

i nt er poser substrate package 600b results. Fol ded

portioas 108£r1 18blbid0e ahd 1 pAk Kage s&Blbndmyoricd H0aRhrbymployed in
respectively connecting. sem conductor dice 150a, 150b

this gmbsdimeny 15 and F0bdreing ppcadhagkRrback andils0e apd 1 X0dpeing
' f . al | v: ad t :
oot BASKSIE! S 5! AU BLHeR 50 e et it n

diblednee fitlercmétietihler6nRs1aEd Riterpbder beiswarpatbige #00¢ #eults. Folded
.surfaces  of each die 150a-c and 25 interposer )
infgrpeper substpiopaskasctPgmayrhe foapedberaspestively cepectingen

T A T

oleObieh-MtépllgAijatdr® posiohé aCM, 21 0WANLE o Llfdafta@fWigeh a dielectric
whi ch bj?ht portions 190 may be dielectrically filled

filler matasial Léfmap be iitfodueaskhetwiean the eetive syafaes ofxdach dis 13Aa-d and

: [ W t arged. conductive el enment 2 for . .

BAReBrdhoon TR PFRGRR bk SRR Rk e diberipheries.

SebsRltebediont | (Ba Al 1d0RntayIhitEhe RANYINREr k@86 portions 110b and
i nt er poser substrate package 600c inplenenting three

11 @¢.dSemigopdusiardiice B apdid 5 iy adhered bagkoweick and semicenductor

= 27, i 11 1.Ch, d od. F
AgrhsoB R 7 o e Bk epoli o i Bipemnbt Hiopriolaed betvween
sEbR piibns LPBanandod sAlicibat fgniha®ally Rafeked -tRAGN four
and 150c and 150d belnﬁﬁ)placed back-to-back. Again,

semineddidtondiea S Gandlansl ghioua pdwtrategorimengd Od-dlareioh spbsthntial

. di el fill ial. 166.. F d i
SO, Tircabulastn oTPieGh potions Lo iS¢ se iR Sont
dPIBSHiE AaferRRESCARI mnwm%ld‘r%d%dwwe%ﬁé W2 6

connecting sem conductor dice 150a-d to the sane side
cofndctive tpbigher lsvd) packagme 4y thon batahplettdf orm over

then-lateral |l y-adjacent portiaons 11.Ca, 11 Ob, 11
and 1160 2186 Ruhiecr o2 B B S0P semicopyclit digice Arsgmoly of the
oYl BCLESHBRE YOS hI0R Ok LBS0 Blpgrison

each die 150a-d and 1ts assoc portion 1 | Ca-d of
t9 nérerepbee beupsd samieoddiCtaanit abaublidsheenpdoygng dual conductive layer

.peripherjes. 10 Substrat rtions 110a and 110d y

! tﬁ’é’ﬁg‘ff& Fe ooty @@amﬁﬁ%&re&m&%@%ﬂt Biiepy bepetfected
e R o R M B B B ek
canhetiod ldyec kdjhanbthelkemidoad@dsaii] gven svithheld pafthickladhesive

etween substrate portjons 11 Cb and 11 Qc, whjch are
ef%’ﬁlt RRMpEFing a anealiggsabbatygsn the semisgpduciendie anrintarpgser

et AR B A, SRR IR0y P v
sabstéit@liy cpopldteln sectBed Within theees86®8 ofthealiclettfie htstber, 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,
eliminating the need for conductive vias and an electrical connection between a first

conductive layer adjacent the semiconductor die contacted by a conductive bump and a

via and another electrical connection between the via and a second conductive layer on
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dielectric material 166 and bunping with enl arged
conductive elenents 192 for connection to higher

| evel packaging may then be conpleted. Thus it will be
apparent that the flip chip sem conductor device
assenbly of the present invention provides a conpact,
robust package at a reduced €8%t in conparison 20 to
conventi onal bunped sem conductor die assenblies
thengripoyitesjdelofihe ouergosst swlstratey doienver dussterfles stfagghtforward

exanpl e,. a packa hei ght reduction of.  abqut 90. nma
BT R Sl SRuPAG A £ HipOR AR BB Y FeOiE G mEs may
baRdoftel BBtdrRg c@m?e%ﬁ@ﬁ‘ﬂsiﬁg tHe: p%@ehf‘in@&qtioﬁ%%(f%rbgﬁnz%is carried

| ayer adjacent the sem conductor die, even wt
ol emihelsidelof dlathesimueer sibstmata facognpradysirery tize seapepnductor die.

di spgsed between the sem conductor, di e .and jnterposer .

25 SABEPFEH MR Moy SAIQXs EeessJpiREa S asion g dlameler which
Ol PR 5 Bl 0 S BL n,
tidisedrexttyrfacilitminp bump od rdcoss almnyneuelt loosdnirgt raquiofdf dimensional

rovided, by the tape. Electrical cqnnection ,
Hernsss: For 9"4’%9'?1?’@8’4%6%5‘}1“? e PHRIOYIAI 1A fRSS using a
135€0l Bir@pntact with the termnals at the recess
botto either directly or through an interposed
cond ik iauticipated ras alevidushy motéd) ehiteaeinaespes3ér conductive bumping
elimnating the need for conductive vias and an ,
mayeheryspd i IpbeRet thopressat vention. fhlpwever.dbisqueeytebelieved that

S o S S

panitnkelyisaiatie hyide prdtétgpivie and dovd valugrqrodlhiction ducto ieadvanced

| ayer on -28- the opposite side of the interposer

statfyef Jeyelopmpnls ko eest. fipxibikity ip gecopppadaimedsifcrantpond pad layouts
.gn. arge sem conductor dice carrying a |large

aﬂﬁz%g?ﬂglﬂ(@%%%@ét ive bunps may be rerouted for

ext ennalddidonnBe tde T alflxitge i@ ppied SEtratervasibt 4cofmatodatel minor
rerouting is carried out on the side of the

vereliansdserees isighisafeariews wgdusitie umamang gack of absolute planarity
of HE s%&@go%hgar S Gitive LG PLEFEMNhs {h’&"gﬂh(\'eﬂge%n%%}’s. %’I?%h%%’
a recess | a erdF 8IﬁEﬂSIOn or dlanefer ICh s 1tar

ehfapSlaess iPiesirb® Jfabne at alll boBIdSE 6Nthe @eﬂ%}m&ﬁb@k s@fface of the
associ ated conductive bunp, thus greatly facilitating

spendwior die by 8 vatiety afeethody iy reaibniasidjtatedy @s isdacorporation of a

i ional .. 1ol nees, For anpl.e (54 UnmQ:. ey
RS e Ry GRS bl B g Qo LD
cBinfpEdxit} Qo tHe PaSkaB! IftdnRathedve dsmehtedhlbghy a fpegslusddtatecure

various types of conductive bunping may be used to
thagsnapenscion dlqﬁlés@ﬁtposar\séhsﬁa@@gﬁgmd&i{qrenttbon@ pad

currently believed that ol.d stud bu .used in .
BTy s o s bgR e Bl iF usTRRiqE el adhesive and
aktBRRHS ESmAleLity PRispoRHoAl IPirthel 1:pBintayase sed toesi1 G4 MBk Bf

and | ow vol ume production due to its advanced state
coplatlaity|od fressendudtiovw bomps onfalsemidsinknetgr din ongicrafrbldueliang to
p%éi!lee % EOnE)r?gn m&%qiiel: gl%/a%ﬁttg the interposer substrate, as force may be applied
sufficient to ensure contact of the conductive bumps with terminals without damage to
the assembly. More specifically, during semiconductor die placement, the tape may act
as a stopper or barrier, and as a cushion. If a conductive paste is deposited in a via, the
tape acts as a barrier to prevent paste contamination of the surface of the semiconductor

die. If, on the other hand, solidified conductive bumps, when heat is used to soften the
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15 and fine pitch capability. In addition, the use of

a flexible interposer substrate easily acconmobdates

m nor variations between hei ghts of various

conductive bunps and | ack of absolute planarity of

t he sem conductor die active surface as well as that

of the termnals. Further, e@Bapsulation, if desired,

of sone or all portions of the periphery and back

bampfragterialf thichepe2(dtssm i seappeitias well e £cihion wizeni tht pump material

aEthOdSﬁﬁi greatly faC|I|tateq as is |ncorporat|on of
axgspdp 1F19n daprseommedpen they sping back e pizab pxhibitedwhen force

u??d"t%aatss ga%ﬁ[ﬁ%ﬂ&ua@&%x@ di %Péi[ges%f( Lh‘%trlitg id D%eaB) dé?it(,: gagﬁ'rg to

an a esive enent enplo ape 1 s use

kegethe éntetdoanstioh oo judintadgithell Thasechdvatteggaseipichist t@bsth rigid
together, different bond pad arrangenments are easily
op deviklfoatareasenrbpEtes. t he use of a liquid or gel

adh e%'uytﬁeta ﬂge gfstaéé %e tdt e %8 E%s cl?g} %r?&stb tréﬂ)cﬂv of solder-

Furt her, tape nma

mmoamivmbuﬁfps tih thegosedis tak wellkhlsj ﬂ@ﬁo&nas&hé egceblei@bPbe
die or at wafer level and to rovi de cushi oni ng

elpghicaly gstedefae reftay anrdbafereargidsetric dillssisragpled %ay,i/or the
spRIsEHANRY S RRBhIEE ofd's B b SRl S R

ptéﬁ@n@&ﬁ'&]ﬁ)ia)ée albrluseett Vokiald of digledtiio glisemhea AdUdniloyed)
di e placenent, the tape may act 30 as a stopper or

resayitef] éﬁtweandh%@t%p@saewbéhate ppd seraispirnctandie gulkifsecompliant

Cﬂrslé%é*nl%&% sefhe® i sl s S foalelgeR g themmal
sds@hblydivein Iogjeraﬁght he ot her hand, solidified
con uctive bunps, en heat is used to soften the -29-

bunp %ﬂet&leallresenhevae hag beenadischoset dp pemns afa westdin prsfegred

R AU P Re VT BB Fhorg o abfn R MR i Bhoenive

a0 8PpreQibelhatYBEHVERIASS RO iAit&E A SARINS HOktistisen@nd
i nter poser substrate is rel eased, helping to keep the

navifseations ticthe disclosed @nmdltnegtetrmbe cffeeted vadmahd@gﬁmg from the

are chableto both,ri lexibhle inter er
st b wSeRih e birefh Simlatyfepres Mo R Fpgent may
belcofBReaSAtMRbYe B dnBihet ALI1EHRLRE vﬁfﬂlﬁi ﬁfe scbpdsE the invention.
conductive bunps in the recesses as well as rework, as

Foh exasglertht bpenimm 3 band sepmetts |162Idb§cr11be¢trea$sdmdtmnemth the

refl.ow and, before dielectrjc filler is [ i

c5ien B Red receseopReiRT T mdmgrrasﬁﬁ%@m? é?‘g’ﬁ%@%- 1-3, may also
b@%ﬁ*&ﬁ&éd’&d@dﬁpﬂé@ iR A d&@&a‘sé@@rﬁi Irzﬂﬁm%@ 1&5@%%5%&%3?&& 310

the tape al so reduces the vol une o dle ectri
andﬂ&rpeaiphenyfrecmspbmf@d)atmn@(ﬁ uiterpdsdpetbetrate 4106n FIGS. 14 and 15,

i Nt er pose bstrate and sem conduct or d| ang its
fﬁ%ﬁ‘&} g)ht151 %H‘é@&c@@ PrSERtdRventign éecontany 6*13 &?rdmg advantages
th Qé%bﬁilgﬁgéal# ﬁélﬁ%@ %rhg lf%ﬁﬁ)léjﬁlft dr glﬂj%trat%s Bl%ugﬁl of course,

cycling o fetasse urin er at
some features and embodiments may offer greater utxhty to ﬂex1ble interposer

substrates.
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Wil e the present invention has been disclosed in
terns of a certain preferred 15 enbodi nents and
alternatives thereof, those of ordinary skill in the
art will recognize and appreciate that the invention
is not so limted. Additions;3@eletions and
nodi fications to the di scl osed enbodi nents may be
ef fected wi thout departi ngCLAGVSt he scope of the
;Eventlon as clainmed herein. Simlarly, features from
t may be conbined with those of another
while remaining within the scope of the invention. 20
For exanpl e, the opening 130 and segnments 132
descili beseminomlisoe deticoassembly, téeprident ral |y al i gned
recess. configuration in interposer supstrate 110 in
rﬂeeeﬁﬁe lilt%PO%Vlbair%ts nqhedipg a\ietd AR ARG ‘aYPr e MpPRENS 8

| -shg an 1t§;%? ‘é&ﬁiu&gﬁ@ {r 6 Bhd ANl o #@Hﬁf&%%mﬁy&?ﬁl& 3l Rast one

310 he periphery recess configuration o

I Nt eddsttic mumber iaivengdalflutahitfb{EBcesies extedibly, from a surface of one
respectively. In addition, the present invention is

cont éﬁiﬁw&ﬂ@dn@@oa@f%lbﬁir% tha agdlsasp gne dielestricipembey to
usi ”%@? 'pggﬁ)%s }‘}ﬁ;éndﬁéuéé t%;e?hftheghﬁmg%? éd@%ﬁ% ?5(%3

alth

tireplulifyasf recesdds %émgtahlahge}d inQit fdasptivblpattert R¥cpRA®N one side of the
substrates. -30- CLAIMS What is clainmed is: 1. A

sem &¥ppAler SEbsials ard assenbl Y, conpri sing: 5 a
a{ € It\Q geml %)Scitpc?osf%ce oqulsig -C 1p COIIIBI 1’%1 a\? %% ?ﬁl%%ltg ol e

con Ive layer conpris ura

trac eﬁncﬂﬁdv@éleﬂneﬁtﬁ rajeging] tﬁéreﬁéml @h&eﬁat&t:h sérhRoRductor die is
| east one dielectric nenber haV|n% glurallt of
f’fYQ

r ecegpegblycoupled ﬁgatflmmcan%@ﬁthgoblr eondgiigee togces hp

i nter qbstratedthrou > g

o e SRR Ren 8 SRR fof eftorn SP e Smerivg ane
t r ac@sndifctiVd8lebatitBbdely of conductive traces; 10 the
plurality of recesses being arranged in at | east two

thentegpaser substaatebiciog fdded i Wet the at leest twe s@nms@ctor dice operably

substra and ,at ast ond ct or

It p SRR GG ERoR dDeRd PPl Sreetsy bR he'one side of the
cond 'ﬁﬁ&x‘pM §er ‘é‘h}fsﬁﬁ&tée Bfi&t&E i s'ﬂlgsthﬁ‘tﬁﬂl%rfsﬁﬁéﬁmf!\@‘k%ﬁ Bhdk- ﬁ@&{&k
sem conductor die is operably coupled to at |east

sone r@étidnskeippletwehipoytionk of treduttposer subsicads. by 15
conductive el ements and recesses of each pattern of
recesses receive one conductive elenent therein; the

| nt eppage %e 1B3d, cﬁfa‘%epﬁb @%eﬁ%}lﬁ@pclzﬁﬁl f h)aﬁer&ﬁe at | east
two sem Con uctor dice opera coupl’ed to conductive
therzadx@st twlorpatteins aompnkcerthreefpattmsgss es on the one side
the at Eeast two semiconductor dice comprises three semiconductor dice; and
wherein the interposer substrate is folded so that a third semiconductor die is oriented in
substantial superimposition to two other semiconductor dice, facing in the same

direction as a closest substantially superimposed semiconductor die and with a

back side thereof adjacent a portion of the interposer substrate.

3. The semiconductor device assembly of claim 1, wherein:
the at least two patterns comprises four patterns;

the at least two semiconductor dice comprises four semiconductor dice; and
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i nt erposer substrate are oriented in substantially

superi nposed back-to-back 20 rel ati onshi p between
portions of the interposer substrate. 2. The

sem conduct or devi ce assenbly of claim1, wherein:

the at |least two patterns conprises three patterns;

the at least two sem conductor dice conprises three

vaRpif aRAHEHRserdius frat@ RGokied W eah firdt o kEHhRORAKESr die of the
substrate i's folded so that a third sem conductor die

i s orfPwrsemiconductendise anetorighted ipbackrfpdark rabatianshipwosecond two
ot her sem condugtor.di¢ce, facing in the sane :

di r eceponaets freibt f sRhtsbadt i s PrsLinpack to-back
sen ¢eBEMshP andia@ BiscMibdhddctoPaek aft! HRntdagh %@Eﬁstaéléia%mutual

adj acent a portion of the interposer substrate.

The supdrogrodiionor devi ce assenbly of claim 1, wherein:
the at |least two patterns conprises four patterns; the
at | east two sem conductor dice conprises four

sem GORGHGERlcodiGGor dfVike-assembly of any-of cBAm¥f1§6 81 Whéfh the
i nter poser substrate is foldedyso that a first two
ddentcomembeioconghresen fit Tedne ond palyinsdalayenduct or dice are
oriented in back-to-back rel ationship, a second two
sem conductor dice of the four sem conductor dice are
orient [ - Lo- j | :
serm cordssUBRRRGSt RARE axdc Y bERS MRIARS Rap. Wit 0
iferpopesubgasd dongpriseda fl&hibleteps. conduct or devi ce

assenbly of any of clains 1 to 3, wherein the

di el ectric nenber conprises at | east one polyimde

diel ectric m | .
of ol g il A GRERIM Ry ERT RERCT LY, Phe@ine

condRtivs elsmentslegkibltllighaabstantiallyeqasito depiis of thie phaulityef
assenbly of any of clains 1 to 3, wherein the i
recspgs and ond RarEpaseidhe cendyriiverlements suhsingtialhy abyt the portions of

I hs of the plurality of 15 recesses and
ﬂ%%%%s%% Fgﬁgg%f t he conductive el enments substantially
abut the portions of the conductive traces. 7. The

sem conduct or device assenbly of any of clainms 1 to 3,
wher @i Thegemisopducter davivg assembdnef anyied cladms d dp duwheein surfaces

' b h.th Si f. int. . _
of ey it S5 oM B B MR RS oGt BEBS sy sgpsteate
any of clains 1 to 3, wherein at |east some recesses

of the plurality conmunicate with at | east one opening
t hr odgH hgemiconductor device assembly of any of claims 1 to 3, wherein at least

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

opposing side of the interposer substrate.

9. The semiconductor device assembly of claim 8, wherein the at least one

‘opening extends a length in a plane of the interposer substrate and is in communication

with at least some recesses of the plurality.

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

- plurality of recesses. include electroless plating on at least walls thereof.
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opposi ng side of the interposer substrate. 25 9. The
sem conduct or devi ce assenbly of claima8, wherein the
at | east one opening extends a length in a plane of
the interposer substrate and is in conmunication wth
at | east sone recesses of thesplurality. 10. The

sem conduct or devi ce assenbly of any of clains 1 to 3,

wher qi1n THaQemRBn@hdbaddvick agenibﬁpmfic%hk@so 3, wherein the

el ectroless plating on at |east” walls thereof.
interposer.substrate includes canductive balls 82cttitallyTémngetad troaideast ssme of

evi ce assenbl f any. of cl ai to 3, wherein the
et B%V&“@E%éﬁ%ff’%“‘%ﬂ% FaUSTSE r%‘UEtaP\?BP‘b%‘Fg yde of he
i ﬁﬁ&éﬁﬁ@&hﬁéconnected to at |east sone of the

co

uctive traces and protruding transversely from an
opposi ng side of the interposer substrate. 5 12. The

sem cqonduct or devi ce assenbl f an f claims_1.to 3,
furtiér T éﬁ?}f‘i"gg Oraf?eéﬁcélaéie%ﬁ%é"%l%’l ‘gﬁlf’ﬁlﬁ?éﬁ? & fL‘1"‘§erat

o] « Y - r -
AR R ARE TR merfal I aElet Aol oot BRI
redesgesi N the dielectric filler material extends
between at |east a portion of a surface of each of the
at least two sem conductor dice and the one side of
t he iyat ' . '
0 e HRFSE ARSI AU iy TEBr B PSR RSB e
nENER! lesiends atwashadeasea phition bf a duspesddadiesfirhe at ledve two
one side of the interposer substrate and the surface
senicoadyeterrdienanddhe ppaside plithe dutpipossiaubitete- di ce. 15.
The sem conduct or devi ce assenbly of claim 14, wherein
t he adhesive elenent conprises a tape having a
t hi chaeThe séficbducthred cvRRIa8RABUE b DinydH\el £:8s A36 8k he0f
any of claims 1 to 3, wherein each of the conductive
cempriging an iaghesinesal emert dispgseddepyesnahg onetide gllheiinferposer
recess of,the.pluralit of recesses.. 25 17. .The
saERoH bt St of Bl O PRSP 1
| east sone of the conductive elenents are suspended
over a portion of a conductive trace in a recess and
i n cdadddeisemicvoduciotdaviverasssintbly efelaioy h.avherein drqasbesive

onducti ve naterial.mﬁtﬁiﬂn the recess.
element Comprises a tape having a thickness.

16. The semiconductor device assembly of any of claims 1 to 3, wherein each of
the conductive elements is substantially completely received in a recess of the plurality

of recesses.

17. The semiconductor device assembly of claim 16, wherein at least some of

_the conductive elements are suspended over a portion of a conductive trace in a recess

and in conductive contact therewith through an interposed conductive material within

the recess.




