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-1- METHOD AND APPARATUS FOR FLIP-CHIP PACKAGING
PROVIDING TESTING CAPABILITY 5 TECHNICAL FIELD The present
invention relates generally to packaging of semiconductor dice and, more
specifically, to packaging of flip chip configured semiconductor dice
employing an interposer substrate having.recesses in one or both sides
thereof for receiving discrete conductive elements projecting from the
semiconductor dice. 10 BACKGROUND A Chi-On- ord ("coB") or
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2 auJ2.LTs Rre

directly to a carrier sun™MxaYeIsUak D piinfed-ArcQiPbaitd ("PCB"), or
an interposer may be employed and attachment may be effected using flip

15 chip attachment, wire bonding, or tape automated bonding ("TAB").

Flip chip attachment generally E%@ﬁég%e@@@and mechanically
attac“'ﬁ%@p%ﬁﬁ'@ﬁﬁ@l%ﬁ&f@lﬁt@é’ géﬁﬁﬁﬂﬁéﬁﬁf@]&%i&% {BIRIRARRICRIr dice and,
other carrier substrate using a pattern of discrete conductive elements

tRereptiEen T He pRskretBLohbiRahie srariavied ssaigendraiRy dispssapioying an

aidhe aetivesiiaes afdhecdisduningdabusationdb araeb iyt eyl discrete
instead be disposed on the carrier substrate. The discrete conductive

eSS R PIRIRS i (e ShrrseRire MNARE di8ils or columns of

various configurations. Each discrete conductive element is placed

corresponding to mutually aligﬁeA R&'ﬁi lﬂﬁ\ﬁ; ,Q qd pads (or other UO
locations) on the semiconduct n the carrier substrate

when thiiprOcdinpeh@fteo Bi'e auBeaitibs€thif B SN jcenbudtgrydietsed to

thus,25 electricgllg and m chﬁni ally connecge to the carrier SL{b trate .
ta?h a semicondu t? 1€ d1IrccC & O acalgler suosirate (S:JllCh as a printed circuit board
6y, or example, reflowing conductive bumps of solder or cuting

¢r@dBElive en oungustonfide teepopioedmps avadieteotrioaynceefifb creald/using flip
éql}]ei r:r“gﬁ"lr‘%fnr%?é‘ ,evdviPeeﬁ"é’E&%%t%S’r I8 @Q&&Pn%ﬁé%igﬁ Substag for
protection and to enhance the mechanical attachment of

the diekbnlbipattehsubsteaterdly \WirkbordavriandyToaB atdohmely attaching a
AR O S e
satthragﬁli@p@mcmchiméres@mmthrebeng,Tén@ﬂjsamsp@bnductiv’e elements
are generally disposed on the active surface of the die during fabrication thereof, but may
instead be disposed on the carrier substrate. The discrete conductive elements may
comprise minute conductive bumps, balls or columns of various configurations. Each
discrete conductive element is placed corresponding to mutually aligned locations of
bond pads (or other I/O locations) on the semiconductor die and terminals on the carrier
substrate 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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fine wires are discretely attached to bond pads on the semiconductor die
and then -2- extended and bonded to corresponding terminal pads on the
carrier substrate. A dielectric encapsulant such as a silicone or epoxy
may then be applied to protect the fine wires and bond sites. In TAB,
ends of metal traces carried on a flexibleinsulating tape such as a
polyimide are attached, as by thermocompression bonding, directly to the
bond 5 pads on the semiconductor die and corresponding terminal pads

ehtendednid edrdraxsorraigrad e tormiaakpadswe thostriise raistgte. A

MiRRIKIZRHap: AL RRANE LS R S RIRK D3RR eiPY BeRsiYeafto protect the fine
integrated circuits are ongoing goals of the computer industry. As new

JarseraittbRendf sies gratd ch Bir 60 bHsEW recretarisskontel lexhlsenglating tape
CRAMPRREIIR HRRA IRLaRrGALE, NERY IRAURIQ ABFESaSR BMRIIR2dMRBEESI the bond

technology even 10 though the functionality of the products increase. For

exdhip ok eidgedinand RoTEpRdnatenna iR sisrer g eriswbstrate.

in CQmmgﬁéﬁ?é%ﬁﬁﬁﬁ}éd?ﬁ@%?%@ﬁ?ﬁ{é}téﬁﬁbe\fﬁfniﬁﬂ%ﬁre&}éﬁlb? SSABERLAR,
having equivalent fUI‘ICtIOI’]ah'[é: Recent trends in packaging are moving
1

WitharaeRBITG IBIPRIRy WA tINIpEMEs slieltifniEhPRZIRS Beplpcifdhe computer

alaetical Re H@m%ﬁaé&‘i’s %ﬁﬁ@%ﬁ%@éﬂﬁ PrnRitys 4 FoweMeHlliRumber of
chip attachment Is not without problems, such as the high cost for a third

RARERRPRSTIRIES TSt BolbiASs hem ed e erspelishenfvtnc eidnéeghnology even
tw&gﬂm%ﬁiae@&n@rf@yowm@(?rmﬁw@imxs@sw)tri&@yﬁmr& andaveageathere is

length electrical paths. In addition, many conventional flip chip techniques
BRPIBIAMIK BICHRSTSEERIFSTASHIN) 6PIRENARETEONREEHIHS BIEhaeRFTEHaN over

pRiRRREbIRE NGRS R ERQTRATEEY feubaHRiA@S a 20 result of the

increased miniaturization as well as difficulties in mutual alignment of the

die andReAFREHERBSIPRAY BRECHSURAVIAR bR iRERBHEE E4Ridiydoward flip chip
EREQUANG OARORC PRESy S Bl s BaP BelifOliRERY 8 SieatohpatResinindeatics
to flip chip_packaging has been difficulty in electrically testing completed

flperis s ERiEBIRIACR BEY de R SKIROHE SToRITg e RISt {BStipeBisest for a third

e reenitcldisorRMeY Rose Micanduietor pieiphiheasserniy i d@mensional
so-called "known good die,"”, the assembly itself may exhibit defects which
ArenSthishsin Yete BtaY TaHd WA RYF AR @%W%’éﬂe){éf&i? i cifigal yBsnIn

et Galion iReesR AL BSe dhipNkiafgeaPshtion, KeRGE DGV RAbility of
the assembly difficult if not impossible. Further, flip chip packages for a

1 LR &W&%téﬁf&&ﬁﬂ& ths interposer or other carrier substrate as a

result of the increased miniaturization as well as difficulties in mutual alignment of the
die and carrier substrate to effect such interconnections. Effective rerouting of bond pads
may also be limited by die size. Another hindrance to flip chip packaging has been
difficulty in electrically testing completed flip chip semiconductor device assemblies
using existing test probe equipment. Thus, even if a semiconductor die in the assembly is
a so-called “known good die,”, the assembly itself may exhibit defects which are not
easily detected and which may, even if detected, be at a stage in the fabrication process
subsequent to encapsulation, rendering rework of the assembly difficult if not
impossible.

Further, flip chip packages for a bumped semiconductor die employing an
interposer may be undesirably thick due to the combined height of the die and interposer.
This is due to the use in conventional packaging techniques of relatively costly

interposers comprising dual conductive layers having a dielectric member sandwiched
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30 interposer may be undesirably thick due to the combined height of the
die and interposer. This is due to the use in conventional packaging
techniques of relatively costly interposers comprising dual conductive
layers having a dielectric member sandwiched -3- therebetween, the
bumped semiconductor die resting 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

thaehagenerebnmped semsmdustRicHaIiss A g1 @b cumaspied to traces of the

SERIGANAUGIRY B¢ JRA RRTBEIRURRIALRWildiglecirary BIRREPRIEIASEAR of the
be a lengthy and often unreliable process, and the presence of the

Rl i da0es paviks IIPRPOMEaTdetivendysENshYias eritseding thetebetween.  Finally,
imeogalle. Qiferndiiicultics wihiconyeabroR! Rackages skde:alih dielectric

inability to accommodate die size reductions, or "shrinks," as a given

Hsignaeeigteands hienghy sederieyaneinilp Pioresubebiradprgnsent the
Eﬁ@éﬁ?ﬁ%ﬁ&'éimg 3o 'Me&&%ﬁ@;ﬂ@li@é%@ﬁ@ﬁmﬁ iﬁ)irlﬁlgg%q'ﬁﬁ.
dice, necessitating a greater number of inputs and outputs (I/Os)

decreaSEBes gHEIRY rspitth sRNREIOIREPICka gRaded dnifbikariéRs on

thedismoaheonyantionaliisiRosershimrddiion With Qe piigialses through
packages, a die is not tested until package assembly is complete,

PE¥EIRhEehF kISR iR lopidR BEVE IR RASERcleaisd St soRldng. As more

asRamRAYiis Rahdateeed Mpll tbe-Rackage s fiRisheenber BPIRAMIRIE outputs
United States Patent 5,710,071 to Beddingfield et al. discloses a fairly

H5teal drpremiplateacin enPEFA REMHFEBIBRUE? e acyGisstimigtapson the use
orelbe Al oHRCRERGA 0aR RRANBENVRE SSMIGRIIMEIRAIRIBANE die is not tested

substrate. In particular, the semiconductor die is attached face down to_

WL DiRdiP8FeA WAHBPEIH TenRRINTe BUHPS BhetRestrotreinsifectisieihigedie or die
I OANEpads NIhBIYAPAbEUEIBER PhHRE BsiRige WhighsREUProvides the

gap between the die and substrate. The underfill material flows through

the gapBérpauanendishrigidfaEntR 40P He e dssdinglivld ehptidirloses a

agHgN ypWardiprthap ertatieniedner suRsiiatadthese bl exRelipgrait ihthe aiod of
throu?h the aperture in the substrate in an effort to minimize voids in the

UReRITiliRe=Aera PRIRRR dhe sericaRduriodifinng stEtcsyingarticular, the

HEARCATSRITY IR ARSWNINGJUSHS aKine i tneekilbibia 26nanbi&e bumps on
semiconductor die. Further, the flip chip attachment technique disclosed in

st 2t ditrehahondsd g 09 RagiBNRRRAT S TR tHRstrate, which
pendueiive Rupipawith the donrsipadsiaictherubsicap anddegUuiIessthgough the

22(5 %gts\seg}‘l ?I?é/ Isré%lﬂ:})?llégcrt%?tdaileraer{g lg}tlg Isrlllbstrate via capillary action toward an
aperture in the substrate, thereby expelling air in the gap through the aperture in the
substrate in an effort to minimize voids in the underfill material. However, such an
underfilling method still is unnecessarily time consuming due to having to underfill the
entire semiconductor die. Further, the flip chip attachment technique disclosed in United
States Patent 5,710,071 exhibits difficulties in aligning the conductive bumps with the
bond pads on the substrate and requires the expense of having a third metal reroute in
the substrate.

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
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the substrate. Therefore, it would be advantageous to improve the

reliability of 30 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, whilegeducing total assembly -4-

height in combination with the ability to employ commercially-available,

widely- practiced semiconductor device fabrication techniques and

hragbtislsambianiag aiibiihg ARibteluasmint cSSmISCIdSYREDFE. widely-

PDAENTI QN ThfREeSea R HARARI AR AR RINARS ARG BIPPA U] [QM%xisting

assembling, testing and packaging individual and multiple semiconductor

teecdithEf interposer substrate in a flip chip type arrangement and,

further, the present invention relates to an interposer substrate having

multiple recess patterns f i i ice with 10

differently spaced and siz% ez glig&e 3 %SN ions. The present

inventidhepreysite snavdhip @hiplsemiconetbotBratd\dippaasse fiablyssembling, testing

substantially re d in height or. thickness, and with improved .

e B Ry SR e A Bisamgpeg sustrate in

sdhmadnp tgto radia gad e cardieiusthiostthtepie seam pacistm te lorsvertiomatrposer

flip. chip assembli hile also improyving the alignment capability of .

A e e S B P Ep AR i

prsemttinspatmhaatt e slinimatestiebuegui@ifigntadioasthifiapetat nerowtetion

necessitated in most flip chip assemblies and, eliminates.the need.for, .

e D B B R e B DS ECEY i o

ddditiess tnd pridsenpinvedtiotliacititdtesirekativieh} sitblidigne éfficieatconnections

iesting:of e semiconduptorassembly. 20.He i chip semisendietalion
BVICe assemb y of the present invention Includes an Interposer substrate P

bbingsenfibsiesuvhide @nolisnpenong haeriigenwherapatati iz adtatiachof gthe

(st EHrAes 06k e e rand Suace Ades MIBIE Ressaas iR Dthinaes e

fherein an arranged in at feast two fﬁ‘erent recess patternsr}or attaching

onploemote Cotbind tivetyl tormipettsemietdductorstibpvbretasstmdloneund

?]{%ﬁ?n%%QQHgﬁk‘églgtgf‘mﬁ%%ﬁ?n eo’P}%8{}9&%‘19{)&&%%9@??&1%@@?}%‘é{%%%uy
or active surface) down to the Thterposer substrate in a flip chip typ

afferigémisriddgivratttisepsonductive thimipslgftererelatively simple and efficient

testing of the semiconductor assembly.

The flip chip semiconductor device assembly of the present invention includes an
interposer substrate having a first surface and a second surface, wherein at least one of
the first surface and the second surface includes multiple recesses formed therein and
arranged in at least two different recess patterns for attaching one or more conductively
bumped semiconductor die thereto. The one or more conductively bumped
semiconductor die may be assembled face (or active surface) down to the interposer
substrate in a flip chip type arrangement so that the conductive bumps of the
semiconductor die or dice are disposed in a corresponding recess pattern. Conductive
elements in the recesses are interconnected by traces to test pads that are exposed
proximate a periphery on at least one of the first and second surfaces of the interposer
substrate. Such test pads allow easy access for probe testing the electrical integrity of the

one or more semiconductor dice mounted to the interposer substrate.
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semiconductor die or dice are disposed in a corresponding recess pattern.
Conductive elements in the recesses are interconnected by traces to test
pads that are exposed proximate a periphery on at least one of the first
and second surfaces of the interposer 30 substrate. Such test pads allow
easy access for probe testing the electrigal integrity of the one or more
semiconductor dice mounted to the interposer substrate. -5- In this
manner, the recesses of the at least two different recess patterns are
spacednsipsdanacEotigiarscses slidstantpany oo diectert exnsaupgierns are

hBRE G dienGRBHHSHMEIN PUBRSH: SETICEBIUEHY WRIAENEDH IR on the

extent so that an active surface of each semiconductor die lies
FARdegtiiely Rprashicaninndester dirantiepdeap sttt arthstAR arihesteface of
eiRM&RhiBR (RSP RS Rl G QT f6] P §SHE LEAR AIHESHY SrtIBIRE @RR rate.

may optionally be disposed between the semiconductor die and adjacent
iftergbRBY cslpaatdndherieEn A slignidne geladhrstisction indivs iMeigPrted tape

thgyf U)Bt%ﬂﬁlﬁﬁ%ﬂl%\és@&'ﬁé@v@é% M@\ﬁ%&%pa@%&w a%lj'&b%ﬁﬂﬂ@é%&srer
even completely received in the recesses, which allows for the conductive

BRSSPI i/t B othREd S srietoro drcbrieht @ idsiftip whtiotisembly
i eaaiRe shadeaighb ohielinchipassemprvhie &Jﬁ%?ﬁ%&&v‘é@m the
retner

need for a third metal reroute on the semiconductor die. Fu more,
grasses i i demitontscondrsive ueanmiyha e dihaiemangtbl trgsrfor

facindertiling RGtWRRHR iSeRNSANOWEAE IR 8Nt INIBIPASRLBIDSIALS also
If underfilling is employed, the present invention reduces the time for

EFBRYMGtRe s R I d e st B RS e sraRirRIANS I HediGird YT idpizgore, such

AU S PR IR HRGASR PERINAIS BnROIN RSN VB RHTR the MIBINTSE BAGk filling
vertical space, or standoff, between the semiconductor die and adjacent

RREYEE&rstetpstertar ficand thednstreticabstatrinlsBadeiiagéesmployed,
eHeptseatiaeditbitretathe dreserRae Al ihe puhesive LRMBRL all adittint of

embodiment, the interposer substrate includes multiple recesses formed

i irrH Al Fa ceuns s Ee © A SPRFS LB HESEES IR MAHfR L SR Fupa is

RaterlndRe reeaapdsydpaadhere ebilbenftist anel &aeRIEHIREESHd adjacent
patterns are configured such that semiconductor dice having differentl

SR B P R A LSS L A RIBA RS oed due

diffasgntsized semicamdyctogldigentmay each be mounted to the
interposer substrate. In this manner, the interposer substrate of the first 25

embodHhahihaRAGHBER-rHS B W6 SOASRIGMAF R iRk g5 yes Tormed

meUmiingeaeliEattern on the first surface thereof and a second recess pattern on the
second surface thereof. The first and second recess patterns are configured such that
semiconductor dice having differently spaced and arranged conductive bump
configurations thereon (including different sized semiconductor dice) may each be
mounted to the interposer substrate. In this manner, the interposer substrate of the first
embodiment may facilitate mounting two semiconductor dice thereto by mounting a first
die on the first surface of the interposer substrate and mounting a second die on the
second surface of the interposer substrate.

In a second embodiment, the interposer substrate includes multiple recesses
formed in a first recess pattern and a second, different recess pattern in the first surface
thereof. Such first and second recess patterns enable semiconductor dice having
differently spaced and arranged conductive bump configurations thereon (including

differently sized dice) may be alternatively mounted to a first surface of the interposer
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die on the first surface of the interposer substrate and mounting a second
die on the second surface of the interposer substrate. In a second
embodiment, the interposer substrate includes multiple recesses formed
in a first recess pattern and a second, different recess pattern in the first
surface 30 thereof. Such first and secarglrecess patterns enable
semiconductor dice having differently spaced and arranged conductive
bump configurations thereon (including differently sized dice) may be

seviiaigy dly this urrberto therivdespasgc eubpiiate iptdhs ssepnd caifnstiagant facilitates
tRisdpannsf g R RassERHbS AR Qf the sesond srnRedineptiasiitalifserently

the option of mounting different sized dice and/or semiconductor dice
RRAAPE IFFRERTS DepreRnEGHERIR%e bump configurations. In a third

embodime ik e HHSIRASEY, Bl RF HIRE MURAIRIESCRERETARIEES formed

5 in a first and second, different recess pattern on the first surface of the
inte it apdsigsendd HREeal fisiver aRaRurem BRfEFetdeesel sheaHe dRle

mfﬁé&ﬂﬁa&&lﬂﬁ% iﬂlﬁfﬂ%@fe%éi{%%@@é% JA%(%{H %‘hQHQ s%%%_ﬁﬂ@dﬁﬁé‘ééf the
patterns are configured so that semiconductor dice having differently

sysHA YAl db BRI aBths Mt ceshAMIFERHS BRBfEBricdatRrhg
differentisisd senmisendusiasits) dpaxparriienaly t8qaeunieddmp first

surface of the interposer substrate and the third and fourth recess .
patldgHEHra CHIsRRINE Syt bt ttRdSEamca Mg Urfar@apipe optionally
SRAGREIADA ANRAGRLCONHIGHYE R QoG FAIORS theaesil (eehdiag:ss

different sized semiconductor dice) may be optionally mounted to a

BaLEHY i rordianipbsmibabsemiceuBtiadiqn hmdnadiieieniie ResFdost
aHstale fdhaitinshaipedimanifasd tiatrs thend R ARUQNRIBHUYNUAY

different sized dice and/or semiconductor dice having differently spaced

SoMARSBUEFe Srmghe SRSIRE Bl BotHRiRd < sssradewmeayd disdairgposer
subfagge. of thR INRIRRS SMMSUREIHRICer Bud JRit D EMbAFHNEAbIBBnent facilitates the

interposer substrate includes multiple recesses formed in first, second

HRHOBAG RHR e retsed SishanadansaRisRar it aisphainhdifferenty

KpRIRpsei IS MenpUehiiecrsp RAlS Bt EAC TidiescabguiRd RN} &g8durface
sq that semiconductor dice having differently spaced conductive bump

ebHgtstRME AEPEEHE (including different sized semiconductor dice) may
be optignaltyunawieddemiirshesutbasesef {iBstes PRIeISURSIERIR rEbstses

the interpaser substrate, of the fourth ) )

formed in first, second, third and fourth different recess patterns in the first surface of
the interposer substrate. Such recess patterns each are configured and sized so that
semiconductor dice having differently spaced conductive bump configurations thereon
(including different sized semiconductor dice) may be optionally mounted to a first
surface of the interposer substrate. Thus, the interposer substrate of the fourth
embodiment facilitates the option of mounting different sized dice and/or semiconductor
dice having differently spaced conductive bump configurations on the first surface of the
interposer substrate.

The recess patterns referred to in the interposer substrate of the previous
embodiments may be staggered and/or aligned with respect to each other. Also, the
recess patterns may include some recess patterns that are staggered with respect to each
other and some recess patterns that are aligned with respect to each other.

Turning to another aspect of the present invention, the conductive bumps utilized

for interconnecting the semiconductor die and the interposer substrate may be bonded to
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embodiment facilitates the option of mounting different sized dice and/or
semiconductor 25 dice having differently spaced conductive bump
configurations on the first surface of the interposer substrate. The recess
patterns referred to in the interposer substrate of the previous
embodiments may be staggered and/or aligned with respect to each other.
Also, the recess patterns may include some recess patterns that are
staggered with respect to each 30 other and some recess patterns that

sPEBIEHEF RIS Hespebe iy aes Sl TimiGes anbiibredypaps oiugies the
BEREEG IRMSRHRL e GARABEHY R PUP H%%H?@&n%é@%ﬁ?@%ﬁ%ﬂ%ﬁ%n the

semiconductor die and the interposer substrate may be bon

byRYLRN 8l emphxah the 1ddisese 8 By SO AMAGUEHE e Rl &IB TS,
GHﬁ@&Eﬂ% ﬁ%@%ﬁ?‘@e W%MQEQ Q&QQ&W@%u%ﬁ@@f%%m the recesses prior

compression, depending upon the bump material employed. In addition,

HOALSMINEThE GendBCHRATAIRLEh B TECes Rt U FENg e YnidiAteched conductive

B{QHH%@%Q}%&QHQ& ﬁﬁi\’l‘i‘e%mﬂr%t@&é’ﬁ&@@ ﬁ'i‘ﬁlé%%@&%%,ﬁﬂ‘éf Wih, the die may
disposing the conductive bumps in the recesses. Alternatively, unattached

bertigeavangitiisdieddy B pradidty srPtHePsortfutiffe Haiddifipmre providing a
ReRSRERLAItEeWRIGH chip digind¥ e RIS eshaneREarhg thih@e conductive

conductive bumps. As such, in addition to providing a more reliable

HIEERRReEb iR EABAEEHR @A LT EBRIEEY £ b AR Bt RS ¥ itV arious

wiRIGenRNE sl GRRAUEHVERPEIE SRMPERASRIER IR NAR CRRIRBAUMhe
due to various 10 conductive bump sizes, recess depths and planarity

vemius i arddaie It sebrtirsndthadrbrsi%m 8l sHsAbcsgpre viously

sitheiratel, themdiiesiversiemenbragdyedrushrnetianeshapsha tistirate may
surface and/or the second surface of the interposer substrate may also

ebmpemesisainanddcadsarisisht conwaer o ayirrey e iniHigoplanarity

seRlRBAHYRRYYRA0 6 TR IRVGIRT sheaRE0 AR iAterposer substrate. 15
The flip chiﬁ,semjconductor device assembly of the present invention may

also inERIRIPBIR e IsPgauSRicleBigtsieathbY REERRNIRYRBI R may also

altachetttaiagyiace QfldheoinieResBEStIsttR BISFEANNeEHARMtatb@ face of
conductive elements and the conductive bumps of the semiconductor die.

5 UGTHRF B NS Sk G HRETTEEE YO R ARt OP BTl raERif 4l ghe conductive
BlinipdoEitee Edagiapd dioe iR chipsamieppslucior deviee-asaertbly adBther

may also be fully or partially encapsulated by an encapsulation material

B?Pﬁfé‘t% SHER 38 AUt iedi S B ; gg%y%@ fLip QQ%%&conductor device assembly

may also be fully or partially encapsulated by an encapsulation material or, the
semiconductor die or dice may be left exposed.

The flip chip semiconductor device assembly of the present invention may also
be assembled at a wafer level, wherein a wafer scale interposer substrate includes at least
two different recess patterns. As such, the wafer scale interposer substrate may facilitate
assembly with different wafers having different conductive bump configurations which
correspond with the at least two different recess patterns in the wafer scale interposer
substrate. In this manner, optional wafers with different conductive bump configurations
may be attached face down to the interposer substrate with conductive bumps on the
wafer disposed and submerged in recesses formed in the wafer scale interposer substrate.
The wafer and wafer scale interposer substrate may then be singulated or diced into

individual flip chip semiconductor device assemblies. Partial Encapsulation of these
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The flip chip semiconductor device assembly of the present invention may
also be assembled at a wafer level, wherein a wafer scale interposer
substrate includes at least two different recess patterns. As such, the
wafer scale interposer substrate may facilitate 25 assembly with different
wafers having different conductive bumpgconfigurations which correspond
with the at least two different recess patterns in the wafer scale interposer
substrate. In this manner, optional wafers with different conductive bump

asiRRliationy baapberaedchder raetctbvel andrpinBrysonRipsdaiebsequent to
B LaRduGHNS RUMBS L PP eniyaEhdiSRARES ARA URAMSFBRESIN

recesses formed in the wafer scale interposer substrate. 30 The wafer and

wafer sEBfaHRENPBESHBEIFYG taYhafaharrisd siagutdiiediblediapet ke material
individHElLUIR £hPheemRIGORAHEIA HE ietBeEeRALISaR B onductive member

Encapsulation of these -8- assemblies may be performed at the wafer o
levdnaisd BistiiRalilhectisrsieens dlssdrlachirles e menase @ mtdnplafadurglyimide

iﬂ[?e‘%hiﬁ_’lﬁeﬁ‘ i@QﬁQHﬁt%ﬂﬁ}@ﬁ@e%%ﬁ{BQi%%é[@ﬁ;@&@ﬁﬁ?ﬁ%&%&%ﬁﬂg%y printing
be fabricated from a flexible, tape-like material including at least one

fleniieriyreiakrrdhtm Rl wlirap s s e s BERELR RS SIdAMIEPSS in the form of
minatad thereteu de pireashang: lexhiedislestiia Ao anaRah &P ¥ IAGHER pads

a polyimide layer. The at least one conductive member is patterned into
RISepRb eamRRr e Ahthsg comblctrathae Hke atsapplissds edhabetitryel
plRMNS aNRCesHIpRAeAR IR sherfprm Oin GeNAUEtME pads finkemhd¥dhsmd

conductive traces to test pads and other conductive pads for external
ol thisasonn B ibledislerkdcausmbmiipy S gigrrsbrivephdrilling or

paskaainer IbRe ABIHIRIE, reResse s RIEJPIReE ’k Ieashane1eidh® Hirgbrtion of a
and second surfaces of the at least one flexible dielectric member b

SO YR Sl E AN AFYZSH BisheonHEBELScSHtt, %ﬂ%ﬁl@mf%ﬁeﬁlﬁ% on the

tRmiesenresrententhatiiragole s pevtion of heanshiftineflesnanhpARAHR formed
sized and configured to receive the conductive bumps on the

SRR HBIFERSS Tl sU BT BRI J0BRIRE Rt iR isRA i g2 BT
adsm berioreesl Akl ok Athgssinterposer substrate materials, including
non-flexible materials, such as a BT resin, FR4, FR5 and ceramics. The

interpodF SISERASES SHRYIRSHIBRLSate fingtad arahie diglpsaisag mber having

bavingticondetivelaein £opatising ek I6H\HHREES QO RRISHTH SiHeS
thereaf or may. comqprise a single conductive layer laminated between two

RMREE R A tRlS HeLitsd v 1ARERie betuedb b dirtsdsisamegmers. In either
aithaicside b iberniemeser suhstiaierthmeughi® interposer substrate through a

dielectric member to expose portions of conductive elements.

In another aspect of the present invention, the flip chip semiconductor device
assembly is mounted to a circuit board in a computer or a computer system. In the
computer system, the circuit board is electrically connected to a processor device which
electrically communicates with an input device and an output device.

Other features and advantages of the present invention will become apparent to
those of skill in the art through a consideration of the ensuing description, the

accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and

distinctly claiming that which is regarded as the present invention, the advantages of this
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dielectric member to expose portions of conductive elements. In another
aspect of the present invention, the flip chip semiconductor device
assembly is mounted to a circuit board in a computer or a computer
system. In the computer system, the circuit board is electrically connected
to a processor device which 25 electrically communicates with an input
device and an output device. Other features and advantages of the

present invention will become apé%irent to those of skill in the art through
HEBHANIaRIONE 3P eRE Rl gy nghdessesionahihiagnaeaiigyhen read

SEL G RBRAAR RS AN ARIEGRESERIFTION. OF THE DRAWINGS
u

While the specification concludes with claims particularly pointing out and

distinctl€lalifing inatifiedcdans ey atedas amb ptieaenitahop ifisHasrs substrate

g@h@ﬁmﬁ Bfthiseels HA\(@?HQﬁd@%&ﬁ&%ﬁ%%%&é&@%&%ﬁ?@%m in broken
es

lisg

é:{]ié)tion of the invention when read in conjunction with the
PERSAHY BRSEROSWhBrsHake ascerding SmibrimEepeBpIONSRLOMA first

embodimgns of A NEHIRQEEFSURSHRIRAI HRINAUNO: 2 BFSIIRGESSPRIEHIG. 1,
and a second, different recess pattern (shown in broken 5 lines) formed in

tHesHneRsoe dpls dhereseciording 18R prRE_REFDERIBICERE theiiggrposer

simRified ot BRa)rsidR: ViRwi@ken along line 2in FIG. 1,
illustrating multiple recesses in a first surface and a second surface of the

interpob&P- SUbekHEca AR IFY diesht itrrentshe fies. dPmndn seerective

MQUAINGeAJHSt ity AR A RE GRAREHE IR 38 HANW Rol Poras RERH\Ei - SefiiRiAad ctor
second surfaces of the interposer substrate to form a flip chip

SeHIfESHERIBRIY- AeRREd RS LR B RLeasRiN A} R ihe present invention; FIG.
4 illustrates ApRIVingedighpetitfillelctiaterinétonthie-fHps e sRFUARNEEI nductor

device assembly according to the present invention; FIG. 5 illustrates
festir e MR CHEE O RSP SR RSB Mbly according 15 to the

presentity eNfiRR &3 1S5S trRESH ORI @ iR @BINIS OIICRREMBI9faccording
device assembly according to the present invention to another substrate
b BrERERY I RENts therebetween: FIG. 7 illustrates applying

enC@_lpSlUl@t.iGﬁllﬁﬁiﬁf&ilma@m&@%@@m@tmimﬁgmording
T ThE DrRSeNt Ty enion 0 hother SUEbtate with conductive claments therebetween:

FIG. 7 illustrates applying encapsulation material with a dispenser and
encapsulation member to the semiconductor assembly according to the present invention
mounted to another substrate as shown in FIG. 6;

FIG. 8 illustrates a fully encapsulated flip chip semiconductor device assembly
mounted to another substrate as shown in FIG. 6;

FIG. 9 is a simplified top view of a second embodiment of an interposer
substrate according to the present invention, illustrating a first recess pattern and a
second, different recess pattern formed in the same surface of the interposer substrate;

FIG. 10 is a simplified cross-sectional side view taken along line 9 in FIG. 9;

FIG. 11 1s a simplified cross-sectional side view of a semiconductor die mounted
face down to an interposer substrate with conductive bumps disposed in one of the first
recess pattern and the second recess pattern to form a flip chip semiconductor device
assembly according to the present invention under test;

FIG. 12 is a simplified cross-sectional side view of multiple flip chip

semiconductor device assemblies of the second embodiment attached with conductive
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20 mounted to another substrate as shown in FIG. 6; FIG. 8 illustrates a
fully encapsulated flip chip semiconductor device assembly mounted to
another substrate as shown in FIG. 6; FIG. 9 is a simplified top view of a
second embodiment of an interposer substrate according to the present
invention, illustrating a first recess patteng and a 25 second, different
recess pattern formed in the same surface of the interposer substrate;
FIG. 10 is a simplified cross-sectional side view taken along line 9 in FIG.

olepats pxtendisgibtiftdg thiess vede tlombpdnre ViswpeTe sesfichateebediie

mRWedL R EONAIRI IBIRIPBREERUDSEARYIth conductive bumps
disposed in one of the first recess pattern and the second recess pattern

to formtdGlid 2 strnbbRd deoriewEe tBudkeabriicatcoririgtespgisr substrate,
RigseRtABveRtienuadRr 15t RIGwhAiHRRERRIHIES S1@25ieRCURRRSIA®roken

view of multiple flip chip semiconductor device assemblies of the second
ErfsoERRsehPateIeHemAc s dntvessI G btiiRierscaxddmginghe present
thesahshween with the bottom interposer substrate attached to another
substrate, according to the present invention; FIG. 13 is a simplified top

view offdthitd BrABBBRHERE S1RaNif D S BRPAtE M AN, Stk afdpterpser
s66ande ik (shawmiabokemlings) AndiiRuh(HRRNHR QKOkARBYTSShed in a

recess pattern formed in the interposer substrate, according to the present

fRpE ABE AC BN IS ROSRA DREER IS 0rel BRd S SDRATBTAN AR ST an
interposee;, %@h§t£%§%aﬂhhfﬁﬂaéiﬁgﬁlﬂ§£fg§@ﬁ%%é%&féﬁﬂd@éﬁﬂha%@ﬁiﬁ@tof the

recess patterns formed in a first surface of an interposer substrate,
REGSSRIIHY t8tAR iBteSRR DS RAIAPUETENSCES is a simplified block

diagrarpief theisarsigpndeterAsserMaptiiney Rig se At iMEiB8diment of a
integrated in a computer slgr]lstem; FIG. 16 is a simplified cross-sectional

SfIRBANEIoE drAceRtCEIRIE AL e Nsain b TIERBY NG B Rnbly
according;to thig prespntiay siionewnd Il érfhadsieptibed sidacdguabr
a sixth embodiment of a semiconductor 15 device assembly according to
R ISFsSATRI IS SHIBES HHPIBEIORWRISES FOR CARRYING OUT
THE INVENTION Embodiments of the present invention will be

hereinafter described with
BEST MODE OR MODES FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It would be understood that these illustrations
are not to be taken as actual views of any specific apparatus or method of the present
invention, but are merely exemplary, idealized representations employed to more clearly
and fully depict the present invention than might otherwise be possible. Additionally,
elements and features common between the drawings figures retain the same numerical
designation.

FIGS. 1 and 2 depict a first embodiment of an interposer substrate 110 of the
present invention, wherein FIG. 1 illustrates a simplified top plan view of interposer
substrate 110 and FIG. 2 illustrates a simplified cross-sectional view of interposer
substrate 110 taken along line 2 in FIG. 1. Interposer substrate 110 includes a first
surface 112 and a second surface respective 114, wherein each surface may include
multiple recesses 120 formed therein and respective first and second die attach sites 142
and 144, respective first and second adhesive elements 152 and 154 provided on the

respective first and second die attach sites 142 and 144, and test pads 134 exposed
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reference to the accompanying drawings. It would be understood that
these illustrations 20 are not to be taken as actual views of any specific
apparatus or method of the present invention, but are merely exemplary,
idealized representations employed to more clearly and fully depict the
present invention than might otherwise. pe possible. Additionally,
elements and features common between the drawings figures retain the
same numerical designation. 25 FIGS. 1 and 2 depict a first embodiment
ofanmerposeEplemystifetithe BrstHarkikesbid anderseond whéresn Hof the

isirates @implifigd top plan view of interposer substrate 110 and FIG.
2 illustrates a simplified cross-sectional view of interposer substrate 110

taken dRISEPRAR SuPSEES. bl O itdviséably Butrage g éniadicaiplesubstrate,
SHILRGR hiapdiasesrnd SIFTRGS IRSREEWVE I AW hRIGILRSH BYPRCR between

may include 30 multiple recesses 120 formed therein and respective first
sPRfsetvniptrEs Sk Ynes 1AL aherality, dbepndifib firdempptseeptigured as the

Qfﬂ?@ﬂé’ﬁj‘%ﬂ%@%&é??@”ﬂlé%@&ﬁ@ﬁféﬁﬁép%(ﬁ% BHve {isl @ any known
second die attach sites 142 and 144, and test pads 134 exposed -11-

pYBXiFEE A PEHIRE Prdcstthelnratestpfaby Yoy aherapdina Slsrile ynated

sbihgeciniepRpseniat siate ks (eIPRSE pentEate y L D SHreiRIab i Wr any
not limited to, a flexible substrate, wherein interioser substrate 110 may

RIERIRO Y MRISER d A RImBBF 16 BRSEHERRF ohadbervadapéis
BRGL RO SHIG iR s R m}m%@lﬁmegﬁé 6pafigurashas theible material

aforementioned traces 130. The dielectric member 136 may be formed
ROA 2 KBGFRASHBS P RS BISPICPREFEHR formed of, by way of

examplgpadiguiRiaJaminatede W&F@dlpﬂf&%%@@d%y&c,&%&%er alloy, but
UPILEX, produced by Ube Industries, Ltd., or any gt géfg)ocli(mer-type
o[

g%ty imtEASYseicstisaliaeondcig mateigk b
RisalgionsleHaazing Blduasie. gatk 438 fop @nasrtiip e bsdbstastillips of a

flexible material or non-flexible material, such as a ceramic or epoxy .

FEBHEOPHBLUGcEvRIREIETS RAYS DrEtd PARP Ao ARt Boppicding Hispipirposer

alipytrpt] roaydeapasyitablp elestticallcangd wetive imatpoiads Jtrate 110 with
conductive layers may include traces 130 extending to conductive pads

289 36 MBF AN R AIfE RN BEiFI Ll a5 R it iciB ey be formed
sohehativg padsy i3k kon dsedRtenesnatynaaBec @ theliR@ 9  printing with

substrate 110 and test pads 134 for electrical testing of the interposer
sopdyciiseinly WitRy utilizing any suitable method known in the art. Once the traces

ycjiye layers may include

130 are patterned, a protective solder mask 138 may be formed and patterned over the
traces 130, leaving conductive pads 133 exposed for formation of conductive bumps
such as solder balls thereon. As implied above, the conductive traces, which may, for
example, comprise copper or a copper alloy, may be adhered to 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.

According to the first embodiment of the present invention, the first surface 112
and the second surface 114 of interposer substrate 110 each include multiple recesses
120 or vias formed therein in a preselected pattern and a predetermined sizing. Such
recesses 120 may be formed by patterning, utilizing a chemical wet etch or dry etch,
mechanical drilling or punching, laser ablation, or by utilizing any method known in the
art and suitable with the type of materials employed for the interposer substrate 110.

Optionally, the recesses 120 are preferably formed to expose at least portions of
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one or more semiconductor dice connected thereto. Such traces 130 may
be formed subtractively as by masking and etching a conductive layer,
additively by printing with conductive ink, or by utilizing any suitable
method known in the art. Once the traces 20 130 are patterned, a
protective solder mask 138 may be formed and patterned over the traces
130, leaving conductive pads 133 exposed for formation of conductive
bumps such as solder balls thereon. As implied above, the conductive

ferdustivhiptimbl2 fértheeaetsd SompirBencaperaredrebpiser sBprismihe trace
brRdhered o éﬁﬁﬂﬁﬁaﬁg&ﬁé{@&@I@le@é%’ﬂ%%%é&%‘pﬁ&aﬂ, S8k Hn walls

or, FR 5 laminate erial, or other substrate 25 materials, using
affesiceas s kABwn in the art. According to the first embodiment of the

presenjinkaNiaRniPe iR TUHaRRI e ARddhg seeenretsiiRcecbhdtive layer, or

interposer substrate 110 each include multiple recesses 120 or vias

fafitelipdiet inta Bredatse bt parendenity a mdubl o sibmepisiyeve layer.

rBresSRRdZ0-MaY.be 59[ Qlﬁfél_@ﬁpéﬁ%gi[‘ﬂz_ 9HH%%§&%$%' wstgtgh
or dry etch, 30 mechanical drilling or punching, laser ablation, or b

GANZHG EhiprRE ot kABWAYH AR bitakusURs IO WAT ik bypegriclectric
matesials Rop M%J%rtgﬁoﬂﬂfﬁ'@?ﬁ? Febsirala dlivQrtieeaty, teductive pads

recesses 120 are preferably formed to expose at least portions of -12-

d3RAicoPdysairs Pads dpthenihesscpsn swhick MAyiiusmesristabicede 110 by

Geﬂaﬁﬂﬁeeﬁ%Iﬁ?&Pvi%@qgs!H§1@i§®§@@¥ﬁ%@tgﬁc‘1@%§dﬁ€ﬂ9@§§i§|ﬁ33181ay be
may, optionally, be formed on walls of the recesses 120. In this manner,

Located s tAnditibre Fesctlyse o g i ferdschitaric s papdly dheonductive
pke1SBasHicBl vt iR {rpeasd 3R CRRAUSHY B RS fkSA delimioavbBads 132

conductive layer. The conductive traces 130, conductive pads 132 and

epmhaorncerphisressbyrtheeninetive s dathd Rrtanduaitectiarehdy (halso
ricorReteddonaughslialest itepamheryl Bl Of e tRRssssHRebafed 100, test

to other conductive traces 130, conductive pads 132 or conductive pads

Pads St Qeteh arsapeek bPi BiiAtes fdgetslibktratdap sy abstrate 110, as

gesidurtivelatesiviandBthasKRRNR B the @hdSetsh ¢ongdustiveena@isof
133 may be located substantiallg directly below conductive &g}ls 132 or,

SitieiHfy M ERRPEB AR AP HAHECT S9h P beoR DAL BididtniiR e areas

lpBatignscteReie Pomcrnaidatiueonan siti uancheameettzd thereto by the
conductive traces 130. The conductive traces 130 also extend to test

pads 15455 BIFALES ShEperiBhdA? 1A e e SHtRigsobEr Sbiiraeeend sustice 114

of interposer substrate 110 is formed in a preselected pattern to correspond with a
particular bond pad configuration formed on an active surface of a semiconductor die for
attaching thereto. In particular, the recesses 120 in FIG. 1 are configured in two groups,
defining a first recess pattern 122 and a second, different recess pattern 124 (broken
lines), each to correspond with a peripheral semiconductor die bond pad configuration,
wherein the first recess pattern 122 may be on the first surface 112 of interposer substrate
110 and the second recess pattern 124 may be on the second surface 114 of interposer
substrate 110. The first recess pattern 122 is depicted to encompass a larger periphery
than the second recess pattern 124. That is, the recesses 120 of the first recess pattern
122 are closer to a periphery 116 of interposer substrate 110 than the recesses 120 of the
second recess pattern 124. Other preselected recess patterns known in the art and having
equal utility in the practice of the present invention may, by way of example, include an

I-shaped pattern, a single or double central row recess pattern, or any recess other pattern
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15 pads being located on one or both surfaces 112 and 114 of interposer
substrate 110, as desired. It will be understood that elements of the

conductive layer on one side of dielectric member 136 will be offset from

those on the other side thereof in the areas wherein recesses 120 are

formed through dielectric member 136. Each plurality of recesses 120 in

the first surface 112 and the second surface 114 20 of interposer

substrate 110 is formed in a preselected pattern to correspond with a
panficyrediosarpaaeshirdirdsh Yoimeanyrpaniseiecsmsapdusta die bond pad
%SH@!%R&%‘HOI@é%&ﬁ{qﬁﬁ%mﬁﬂtfb@rfé&s&mﬁ%H&&'iséi\%§%9 BESokARHn any
FIG. 1 are configured in two groups, defining a first recess pattern 122
aicrhlesbaprd sufffete i tece sec Bl PP AI[BYEeANdineY) IeglBfctérpered side walls
COMESRANGpMEAA PerRRRRIPeRicandUGtandigbandpach s ORIIgHIRIN khereof.
25 wherein the first recess pattern 122 may be on the first surface 112 of
iArsioRdbr Sissghide s ggepﬂ@@@e%wa%éé@wm tondyptiypareges 130 on

e $6A909 SUHRESILA MEINRERPRR LIRS Ata ke TihenishsetaSSurface of

pattern 122 is depicted to encompass a larger periph?]gzrthan the second

rBERespatiriEAl Hhatreepiotdhe Ssiracrsstale st arpsherlaerirally
L3AnREREIRSEEAQ A RENBRSTY ALEOINEHP P38 AU RS taleIAORaR She 134.

recesses 120 of the 30 second recess pattern 124. Other preselected

recess PaterAsMAB Rt vafdemsitg 2etida taarpdridhespiaelieaest 154

thepBtegt dnvaRiiQnMay 1 by yanef exxxmplefieuda agspetabRd of the
pattern, a single or double central row recess pattern, or any recess other

puaeren subsdiiglitd Tdre S qobRd el smatin withnd isspeaidaresive

SRMIGANCHACERL YOl BBPQsB@%nC@MﬁW%%ﬂ%ﬁﬂﬁéﬂﬁé‘se&"@lﬁ@&ﬁi@'ﬁ0 at respective
recesses 120 themselves may be formed in any suitable shape, such as

Eigotard reeonrglisAor Ristiral+2ABdhiAf RicRE tapRhee feiertrhiireagy surfaces

that he PREBINBES REdMRINEISHstRI 2C0380I deddci @ 1abeRli sRaBHRACch surfaces
bottoms thereof. 5 Optionally, through the use of conductive vias 135

UBAFRIAG RO R ks 13t Sisiand sereadadhsnsrshaprutdsapd 154

Wit compHSH A frages RN ARSI esind sl ke n THEBAsek stbsiIdiexy, acrylic,
110, a recess of the first recess Eattern 122 may be electrically connected
t

£ & PRBABY 5y WSS e reRib BB IS A AR ARCOYRFISM ERST bt gal >4 may
kide-codipRictsvaitsi: aghesiva eleneariticdpad a Bas A BMasMape bearing

element 154 10 disposed on the first surface 112 and the second surface

34besine oIy srrscoh kLGS RRh SHFitEc1 PE R st aEaLsROser substrate
elemeiidled ard thenseeapdatiesiviaileleneenict 24 mamhe slispeseHeon desired.

B O Rt B satond Banesive eremans T3 and SRRy preferably be, but is not
limited to, about 25 ®m in thickness.

Referring to FIG. 3, there is illustrated a first semiconductor die 160 and a second
semiconductor die 170 mounted face down to the first surface 112 and second surface
114, respectively, of interposer substrate 110 to form a flip chip semiconductor device
assembly 180. Semiconductor die 160 includes an active surface 162 and a back surface
164, wherein the active surface 162 includes a plurality of bond pads bearing electrically
conductive bumps 166 thereon. Such conductive bumps 166 formed on the first
semiconductor die 160 are arranged in a configuration wherein the recesses 120 of the
first recess pattern 122 in the first surface 112 of interposer substrate 110 are sized and

arranged to correspond with the bump configuration of the first semiconductor die 160 so

that the recesses 120 on first surface 112 and the conductive bumps 166 are substantially
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first and second die attach sites 142 and 144 of the respective first and
second surfaces 112 and 114 of the interposer substrate 110 at a location
or locations on such surfaces 15 unoccupied by the recesses 120. The
first and second adhesive elements 152 and 154 may comprise any
suitable adhesive material as known in.the art, such as epoxy, acrylic, or
a polyimide adhesive. Both the first and second adhesive elements 152
and 154 may also comprise, without limitation, a dielectric tape such as a

panyividenagseobesthethatnbdiowisp Hitkeserdtbripaesdipiondigapd) includes an

suifacsufaRipg A YL INLGRREEr 72U RAIEAL 20 LB ReInE £QVEr e ¢hithes a
a release layer until adherence to a semiconductor die is desired. Each of

Rty ehontiradhbsiiingleisrérieallsooaductiza baaypprete tiptydhe, Autigh the
A2l HRiD, thealpidtédvd) Mt hie @emeR Ste NGl kd Ge BichiRIc 81 die 170 are

illustrated a first semiconductor die 160 and a second semiconductor die .
arangrsLifte s PaEe HalrN toVikasindhs upesect 12Gintitip sernd iphese pastern 124 in

A deRestiyaly: 19hiniarmaset SURBRIR 14O 12 QIR PfiP £HiRged to correspond

semiconductor device assembly 180. Semiconductor die 160 includes an

Jdtivee hareces grigtiabatihe e soaicqMBienT tHe bllive atfdeaecesses
168 includgrianiurality Phkend PasifubeEiBaRIRAIGANY s6OAGMSIYE a mirror

bumps 166 thereon. Such conductive bumps 166 formed on the first
§BA%e GhARNAIRRE 160 are arranged in a configuration wherein the

recesseAdtal it firss reessRAtRMblY edmptRdInshsueace 1ihad o,

interposer substrate 110 are sized and arranged to correspond with the

seRApcEbitRtismHesT Bheienae miBsiarieti alcoBausH vanis 166 and 176
iReesaade2Buansfiist RHfRAG . hé PRELINE GARBUCHIRINIBIRE FREIVROf, such as

substantially -14- a mirror imaég of each other. Likewise, the second

Leadhi o aoRsH i s 7erigelda LAt AR e sordee a7l isAPal HAEK Spipaglso be
dplyyharaittiiretive Sidrfassh LERINUUERS AcRiuFaliyobRentaadhe

bearin electricalli/ conductive bumps 176 thereon. As with the first die

SRRV EHIRREVE AN B A FB YA I B R dearigrédinidBrisdR feinclude,

1 implarsangedin fsopfiesHatignsnaeimiie seeeSsRSMA0r i ving one or
second recess pattern 124 in the second surface 114 of interposer

DErantuey s averel ahamasgal thecsrreshBRUSHYR BNEBRAGY and 176 are

pesttigibitomaidhn secant semaendesion dignlddhaactbatitbatrecesseRvel, but
120 on second surface 114 and the conductive bumps 176 are

SHHLIA AL A AT SrORAMGLY 6 PERYR d8Ri4 d COIRaY EEVETRRAR BY Tsé*hnd
svippraferklycrippiisg, Kehalenatiliaieideud bumping by wire bonders, solder

reflow or any suitable method known in the art depending, of course, on the material or
materials selected for formation thereof.

As depicted in FIG. 3, interposer substrate 110 is mounted to the first
semiconductor die 160 and the second semiconductor die 170 to form flip chip
semiconductor device assembly 180, wherein such assembly 180 provides that each of
the first die 160 and the second die 170 and the respective conductive bumps 166 and
176 of first semiconductor die 160 and second semiconductor die 170 are substantially
received in a corresponding recess 120 of respective first recess pattern 122 and second
recess pattern 124 of interposer substrate 110 and electrically contact the bond pads 132
at the bottom of each of the recesses 120. The first and second semiconductor dice 160
and 170 may be initially attached by the first and second adhesive elements 152 and 154

on the first and second surfaces 112 and 114, respectively, of the interposer substrate
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conductive balls, pillars or columns. The material of conductive bumps
166 and 176 may include, but is not limited to, any known suitable metals
or alloys thereof, such as lead, tin, copper, silver or gold. Conductive or
conductor-filled polymers may also be employed, although gold and PbSn
solder bumps are currently preferred. The 15 conductive bumps 166 and
176 may be of uniform characteristics throughout or include, for example,
a core of a first material (including a nonconductive material) having one

&l Omdhe sopdeciinebay®s160cmEl FoR8 ikt ehereldYe MoharEOBdmMps
166inciddBair RIetRI@Rh AImeHAH NS AGHY SoHERERREBRE B ads 132 or trace

semiconductor die at a wafer level, but such is not required. Conductive

B8 hegesaerasy B hal/ iBempraeerbyinetal O b vaperatige, reflowing the
slarieR R Slersy| RINTND: A A SHue HUWBIRIS Py e ReSAGISngalder

reflow or any suitable method known in the art depending, of course, on

e FHatRABRPMERE AR SEIdEIBesR T AheRfsH BHFedr cardyeisicidldethpol ymer
Bifip3) IRRABRSFMSHE RIS HED % FAGUNER S A R weemMIBRNEUHSF BiGutilized,

160 and the second semiconductor die 170 to form flip chip 25

sehigd HHRSRIH Bl eV e AR opRrass W Y IStIA eidielbyg baep materials.
providepthali@asbuekitbefus i 1S thangsthe secant died réband 1 to the

respective conductive bumps 166 and 176 of first semiconductor die 160

HHErBets i e d Mt o dielidepRds s sR Ry I i fosa pf g conductive
pRsteIBeRRIRbEgHesfitddhahaspesiive nsiracsek RNt E22 3. Such

second_recess gattern 124 of interposer substrate 110 and electrically
EBRTAEHNSPRYR Pabe B HopaseHdhetdrAfhe sas BEthe Pe dse s epple.

Hhafisband $eeand sepHaansdeter dicanttl Aodidiéhnay hedniiall 0 with a

attached by the first and second adhesive elements 152 and 154 on the

AlSRcAh et RS 4 WIUA RREPANES EQBERARSN oM HL inRYGERT of recesses
sHOSPRIQITHS thblnibecepiivesimPSd GerRNA il B2 HREKSSPELONE the

first and second semiconductor die 160 and 170 may then be bonded to

RERRELMRAY PSS 4 39 B AP RER deRa i iNRofsbavdbs The ummtsHpsgste 156

subistratedt10ueys o BxAMRIR, rileingotner, condusiive PP La addductive
176 (in the case of solder bumps) and/or curing the 5 conductive bum

TRECHALMDPE Grnt Y Cdse TS dBrrRIEtivE bresMarasiatiteds FRIpRIEF!Y fled, as

Beenieg) @ koewes indkeraiteBhaeRsihads ke dinohknawnRdeeties arto opening
may be utilized, such as ultrasonic or thermal compression, with suitable

dyreRr ey Bl priske RaIE e Wik SPRMIGHYR %I B8 e first Erpeved.
saaend dicasted an@dai0 to the

In another method, the conductive paste 156 may first be disposed on the
conductive bumps 166 and 176 prior to assembling the respective first and second die
160 and 170 to the interposer substrate 110 by dipping the conductive bumps 166 and
176 in a pool of conductive paste 156 or by depositing, dispensing or otherwise
transferring the conductive paste to the conductive bumps 166 and 176. In still another
approach, conductive bumps such as 166 or 176, unattached to a semiconductor die, may
be disposed in the conductive paste 156 which is in the recesses 120 corresponding to a
particular recess pattern. A semiconductor die having a bond pad configuration with a
substantially mirror image of the particular recess pattern may then be aligned with and
bonded to the conductive bumps.

If employed, the conductive paste 156 supplements the conductive bumps 166

and 176 in electrical and mechanical interconnection between both the first and second
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interposer substrate 110, a non-solid conductive material in the form of a
conductive 10 paste 156 may be provided in the recesses 120 as
depicted in FIGS. 2 and 3. Such conductive paste 156 may be disposed in
each of the recesses 120 by, for example, overlying the first and second
surfaces 112 and 114 of interposer subgiate 110 with a stencil (not
shown) patterned with openings corresponding with the patterns of
recesses and spreading the conductive paste 156 over the stencil to fill

tHe 16Raadek/9204ihe &racs i daicepprst substrtevlitA- afdpraese the conductive
P}ﬁf@'@% ORLRRINEDR LG CARPLIC NS RPSIR L 580 PRYN RGIOR s BRI S MBIk
|

ited to, eutectic solder, conductive epoxy, or any conductive material
kABHS IV REERS The veddd0aseripoarasiqs ﬁ'ali‘ﬁ’&é oF Bsrfsreay fifeare
ARACRIEH iPEGRHI$S:, henSHLER, Al HUISTRASEESHRRIAERLQ N8y RGisposed in

recesses 120 opening thereon may also merely be filled with conductive

Biestecesesahid ol wseib e eapdnet o diithbutiddhssweducdisymps 166 and
angthendastiedithe, aaHUGH §RASE dRbiey st fePsResed aihGen be

conductive bumps 166 and 176 prior to assembling the respective first

Apdsddenbrdiend et vhaadyd 18 théritrerpeset Ssaete 1 &0y sprRyer
hecendyetive (?,Lémg§51§5§eg9gbgj6 in a pool of conductive paste 156 or

by depositing, dispensing or otherwise 25 transferring the conductive

paste th e CsrMELAVEBGHIES RE8MS T Hird. I StA e eGoBsRRuctive

SARBICEBERENMPS SYGRSHEEIRY rtdbviatiacherk iR & SRNICOGUEOMmterposer
die, may be disposed in the conductive paste 156 which is in the

rebauaEs 190D radsn Ranls {d acprteivariate s pedipight of the

semiEaNRYEsPh diaayingoa Land Rad CofisBROMYILD RIURStBINMIBNY 66 and
mirror image of the particular recess pattern may then be aligned with and

38%BAYES tBrtRedrlaEavesHeHES. 1 epmyfaykhaHE R shd o Plagtavithout
inBeaupRl e dRIsHhe! RO HYCHME RUARS Rt AN VIES A leslyitgbardulting in an

mechanical interconnection between both the first and second -16- die

saearfof foesiertHearard medtpichisiriibsis e M e W, the

aRBeleke PaskR thREEMBUIRS Prrehansah@nd e ladrirainieis@rpastion
even if some of the conductive bumps 166 and 176 are inconsistent in

reRReeturiedice ke antb b/ Qrelmaddiiigndht firdfemh sseond ahbesiyplgments 152
whersin thaseanductivecsnpsiavtitris digresestinueribesreceasgd 1L20f the

between the conductive pads 132 and the conductive bumps 166 and

ETPPRY SERITIE b e he P Y RRRS bR RS prsstigs R Gf used)

may ¢beipdRate for any irregularities due to various conductive bump sizes, recess
depths and planarity variation in the surfaces of the interposer substrate 110 and the first
semiconductor die 160 and second semiconductor die 170.

Further, the recesses 120 in the interposer substrate 110 provide an inherent
improved alignment capability in comparison to a conventional flip chip type
semiconductor assembly because the conductive bumps 166 and 176 easily slide into
their respective corresponding recesses 120 to ensure proper alignment with conductive
pads 132 and proper attachment of first and second semiconductor dice 160 and 170 to
interposer substrate 110. For example, the recesses 120 may be formed in the interposer
substrate 110 to be approximately 125 ®m in diameter or width and the conductive
bumps 156 formed on the semiconductor die 150 may be about 75 ®&m in diameter or
width. Thus, the dimensions of the recesses 120 accommodate inconsistencies in

dimensions and locations of the conductive bumps 156 therein, facilitating die alignment.
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bonded to the conductive pads 132 or trace ends in the recesses 120 of
interposer substrate 110 as previously described. It will be well
appreciated by one skilled in the art that, since the conductive 10 bumps
166 and 176 are substantially received within the recesses 120 of the
interposer substrate 110 itself when bomged to conductive pads 132, the
height of the semiconductor assembly 160 is minimized. Therefore, the
conductive bumps 166 and 176 may be formed of a larger size than in

conventionBPTip iBHipGshenitestustrouPsHEreesmatera NSg U e asevig is
EDIRMmEANCRRHLGI dmdeaiAsSamBMIT Ay %é%ﬁﬁ&dﬂl%&yﬁi@?éﬁﬁ%etﬁ’é periphery

the electrical and mechanical reIiabiIiB/ and performance of the

Ppléie shiriedacihd padibe seanadriiaddSedinsstriverpoccaneive firs @fefill around
BRCON RGN I HRILORb ARAL Ry ATy 2dgiEaR: R @Féf;l%@@cﬁ%%}ﬁy the
e

adhesive elements 152 and 154 (if used) on the respective first and

seedmdatirmsreried Hidla prelsrahly MiterprseizsdWsipssingdragndéparser 184,
e sRYGHENVR RRFIBIRGIIRIDE KeherSaR 1eH LSRN $ A& cuum-assisted

compensate for any irregularities due to various conductive bump sizes,
FivRs iR plth e RGNy GAFRRMIRIP B A EHRICEY anpditeRYsddp fill any

supstifend HeanddheifitshuegRicendurer dleclfQ ang S&CARGGrea around first and

semiconductor die 170. Further, the recesses 120 in the interposer

serontadhetyorimsatad Rad At dmpHsvedidabhmepr-digyabilii g a non-flow

Eﬁﬁlﬂpﬁ‘{d?% R&1GRANERHABALR AR YRS e iAorUCRE aSeMRIYmaterial,
ecause the conductive bumps 166 and 176 easily slide into_their

MERISB AT CURRIAROM HIRETIRE S5 48CTDORE BitsTRi Hid pisr BRI FhRHP R ssembly
ePReuiMR oRadsdlh@Nd RORRESGhISNEHE fings. and s8eWBIbaste, or even a

semiconductor dice 160 and 170 to interposer substrate 110. For

sxmbirtion et e v Lo B FOHEE i B MR EPPoL &P telsaREaLe
R0 08 APR@¥IMAtRlY dIdsuRm B siarmeter ShivsithAdeQndEEiEnclude

bumps 156 formed on the semiconductor die 150 may be about 75 Om

T A ST G RS SR St e b sion, Japan.

THEUNNPAAE INGARRISIENSE ity BinEnsidns-aneblagaliensicti€eaction, or a cure
conductive bumps 156 therein, facilitating die alignment. -17- As shown in

pseslaaiediaydidric WHaxiR el At FhatBriaifss et Qhwihat iabko MRdaR kR order to

Rrmeckand Haderfilthmatesaly may 8adntiaghylanmiatheiend §2eprovides
periphery of the first die 160 and the second die 170 ajr%:)ent interposer

SRR EMYHAbSAAYAFGRAY %ec‘b‘?faaeﬂ%%%%%ﬁ&%’éy ’1pf8,CIUdeS shorting
RsRest ehduthiedeaifede mpleyedia grRd¢tthde conductive elements from

environmental elements, such as moisture and dust. Further, compared to underfilling of
conventional flip chip assemblies, underfilling of the flip chip semiconductor device
assembly 180 of the present invention requires less time since the encapsulation material
is only directed to fill any gaps around the conductive bumps 166, 176 in recesses 120
and the area around adhesive elements 152 and 154.

FIG. 5 depicts testing the semiconductor assembly 180 of the present invention
and specifically testing for the electrical integrity of the interconnections between the
interposer substrate and the respective first die 160 and second die 170 as well as
functionality of the assembly 180 with test pads 134 provided proximate a periphery 116
of the interposer substrate 110. Such test pads 134 are interconnected with the first die
160 and second die 170 through the traces 130, bond pads 132 and respective conductive

bumps 166, 176 so that testing members 188 (one shown) such as test probes may be
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5 encapsulation material 182 is preferably by pressurized dispensing from
dispenser 184, but may include any method known in the art, such as
gravity and vacuum-assisted dispensing. In this manner, the
encapsulation material 182 may be applied to fill any gaps around the
conductive bumps 166, 176 in recesses)320 and the area around first and
second adhesive elements 152 and 154. Alternatively, a non-flow film or a
non-flow 10 paste may be used as the dielectric encapsulation material

pBeedRe powdmenahetehidst midch hd cdenpirse aRaetoseed by conventional
tharmaniartis malerialaiharpliad RECLHMASSE A LIS - SFPIGRREYREREon of

dice to the interposer substrate 110. The film or paste, or even a

Hisepinists Aust Ih asir tbr i) allbw eeoprtlictile BrnhssPiasd 1976 gth the first
pensttaiehgrelbrongbuandeifect ame iﬁ%ﬂ%ﬂ%@?@ﬂﬁﬁg@ N184ttaBleperiphery 116

nonconductive films include 15 UF511 an F527 from Hitachi Chemical,

Seraprigin Rt g DiviaowT Japsirtyhdbwigksisiantnsticateng vgre the

m@véaﬁlﬁ%ﬁzﬁwﬂ&gdﬁlarm A §$@Mﬁﬁ@ﬁﬂ@&t&(&e¢ﬁ@ a?&ﬁ%ﬁﬁ@éﬁ%ﬂ?ﬂle
heat, ultraviolet light or other radiation, or other suitable means in order to

18IFRPR S MY 9iEAS i thedhstet st nsronfighaHen seaiadb hedwting eBtest

RiQNideangMapcadifeEiusgecurement of the components of assembly
180, precludes shorting 20 between conductive elements thereof, and

protects ¥HeCcdrritietivE iBIeRMEFoRAUSHA s sEARsPBBlY d Aok therprsent
MOisHea AekedrnthrbrhanpaiRd 104688sbiire LbeanveotonrRig a circuit

chip assemblies, underfilling of the flip chip semiconductor device

heaphpyKh s Graiee sleasht S ventisit Petitffds iERs Hinsimegnitrenductor device
eacansylatiommaieibeis MY REIS R T G BRPSUPKHARIRE semiconductor

conductive bumps 166, 176 in recesses 120 25 and the area around

aehsathlissel SHhiHe cpnslugtiye slemetss EddRrarbeaLerRy MR tiRiRoRaLEt

assembly1 $60haf, theiprassnhdonanibasrmnmispradicelyiesting fothe
electrical integrity of the interconnections between the interposer

Ljsepanectinfnbthe 5onaHGE Vi slamenis d Tnie desridisibyBates Ljl may be

proctiruatiiyoehdiecassas kv d3e wihde a3padeded providerherakiiate & second
periphery 116 30 of the interposer substrate 110. Such test pads 134 are

EERCEMhtdd WitHRAETERRT STBO G ISl ohbe dien v erirr Sifghcte 192 may be
Hases] 13hoposinRAS 132 phEaSRRcHYe-ae RIUGHasiaE MR AOHs LRI SO

that testing members 188 (one shown) such as test probes may be -18-
Hfﬁ@é’él‘ ‘surface of each test pad 134 and electrical tests performed by

conventas@thtess RIB eAssQdiatesd RNt Rt BiapsheiGubstrate 110 and
9heet%£1rgaigseu art(i)ci):)rga Hgtteergglo?gf Iclgs(,) Qe?:];l provided thereto, complete encapsulation of the
flip chip semiconductor device assembly 180 may be effected, as depicted in FIGS. 7
and 8. In particular, first semiconductor die 160 and second semiconductor die 170 may
then be either partially or fully encapsulated by an encapsulation member 186 with an
encapsulation material 182. In the case of partially encapsulating the first die 160 and
second die 170, an encapsulation material 182 may be dispensed by dispenser 184 about
the periphery thereof so that the back surfaces 164, 174 of the first die 160 and second
die 170 are left exposed. In the case of fully encapsulating the dice, encapsulation
material 182 may be provided by dispensing, spin-coating, glob-topping, transfer
molding, pot molding or any suitable method known in the art. It is preferred that such

encapsulation material 182 be applied to the back surfaces 164 and 174 of the respective

first die 160 and the second die 170 (which may be provided at the wafer level) prior to
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the semiconductor assembly 180. The test pads 134 may be placed on

both the first surface 112 and second surface 114 of the interposer

substrate 110 at the periphery 116 5 thereof on a portion of the interposer
substrate 110 which is "off-site” from where the first semiconductor die

160 and second semiconductor die 170 gre mounted on the interposer
substrate 110. Such a test pad configuration enables the sharing of test

tooling, and hence reduces cost. FIG. 6 depicts a flip chip semiconductor
dsresagsigpygrbmreprb s8Anbounlsiisipherebrndtisd &9 and the second

e R PSLR B4R AR PURSIRIBAR SRR A& EEE W tRoash it Buctor

conductive elements 192 therebetween. The flip chip semiconductor
aesgiedlud8Bmbly 180 may also be stacked with one or more other

superingpgsed SEIMIERARPHGREASHENRBES AR WIMEQRAKSINEG SIBRERIS 10 of the

192 therebetween, wherein the bottom assembly 180 may be

PISRIB ARETtE AN OB FRIA I K p Jddludrnss B<w Rt A0 eT5 A Ed Apesstdiaterm 222

the %%@MEV&%?@H?%&ésgﬁatﬁéiﬂtﬁﬁ%ﬁrﬁ@%ﬁﬁﬁ%%@s‘ﬁ@%o@@-_sectional side
provided by bonding to the conductive pads 133 exposed on the either the

fiistvrfdbesrerRAFatEs 13 Al ddrmalanetpssk) subKtate Atdn theefirst
@ﬁ%@ﬁ&%ﬁt?iﬁfﬁ@@%@ﬂﬁ%mﬁﬁé beobendes tothe Aangd Po$tSAd3 REQINA surface
IS

subsequent to ensing the encapsulation material 182. 20 Once the
edAditadResstriertsPIovded Hon discrttiehefstétgsubihs sttt e bhand

the@neapsatian IR idk IAHRS beRRIBYIRREsHerel0 (S RAWPRR 234 on the

encapsulation of the flip chip semiconductor device assembly 180 may be

jice as 80 may
biteretsr suRiEpterdin A hy thengend gabreimgniist WG butigHar to the
dir 3 nthraconthagmicqraycicaiR hé Anigyodhienber-aithernartiallyeesnd

fully encapsulated by an encapsulation member 186 with an 25
& %&dﬂ%ﬂ@@%&%ﬂrﬁﬁ FRE SRU Bty @resprRA PSRy iHatere L2

dierd&Dirnsk seeanedie Lt anEntapsutatiapsmaterial 182htaY Benoted that a
dispensed by dispenser 184 about th%le?f%eriphery thereof so that the back

o195t @ S018Athe FUF SRR G 266 AbASEEBHL WL RS Sfeomfrecess pattern

expeseH chpdie £asri6h billy ensapssHagcine dise encadsiptiapherally
material 182 may be provided by dispensing, spin-coating, glob-topping,
BUGIEF SETRBIAN: pob RGP ari LEabAe FRBLRBR Kiichins relh Bl afcond

el qyrplemetthatsyeh: pagapaulation material 182 be applied to the back
surfaces 164 and 174 of the respective first die 160 and the second die

170 (wASHSRISPAAT AUk SaRicihistarilc ntmay R Rigyided in the recesses,

after which a semiconductor die 260 may be mounted and bonded to the interposer
substrate 210 as shown in FIG. 11 to provide a flip chip semiconductor device assembly
280 of the present invention. As in the first embodiment, encapsulation material 182
may also be dispensed along a periphery of the die 260 to fill the space around and
proximate the conductive bumps 266. Further, testing members 188 may also be used to
test the electrical integrity and functionality of the flip chip semiconductor device
assembly 280 by placing the testing members 188 directly on the test pads 234 exposed
proximate a periphery 216 on the first surface 212 of the interposer substrate 210. Such
a locale for testing pads provide easy access and reduce the cost for testing.

According to the present invention, the first and second recess patterns 222 and
224 in the first surface 212 of the interposer substrate provide versatility in that
semiconductor dice of different size and/or different bumped configurations may

optionally be mounted to the first surface of the interposer substrate. Such versatility
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dispensing encapsulation material 182 about the periphery of first die 160
and the second die 170 in order to facilitate fully encapsulating each of
the dice in the semiconductor assembly 180. FIGS. 9 and 10 depict a
second embodiment of the interposer substrate 210 of the 5 present
invention, wherein FIG. 9 illustrates a toppplan view of a first recess

pattern 222 and a second, different recess pattern 224 and FIG. 10
illustrates a cross-sectional side view of the interposer substrate 210
tREHlaidhe eIt ifeqmts Pattag fRthenflrdic serpediiisrent, Naterpodar share a

SHRSHAMGIRLAIRAIAE S1AHER, SHETQREA LA A0Uba SRIMAA PHERGR: 41 4dRive

adhesive 252 provided on a die attach site 242 on the first surface 212

slsineot fade S obeeae g fiohsiroBeadhshsfisrrsie2ribaissdazed 20do
testrRRd434 MR ERR I AR R AYRSEatR A0 MHARUA BhEFE0B8HY! the

embodiment is substantially Ssimilar to the first embodiment in many
reapetdustr e Y ifRdAgb dis aiibstradaog 3%k ohéhs<tip A0 disihivamsditely

H&ﬁﬁé@ﬁ@_tf?@ﬂi}ﬁ_ §i|!i§1faE%C?§.Sdi‘ftH§Eﬂtgl%%s%?%sﬁ%é’Q‘io’?%‘ssﬁlé’l%ttﬁéns@l%fconductor
formed in the first surface 212 of the interposer substrate 210. It should be

AR E) 1S e REs OB dnyemtien ROMadess [atesr bYighs sarapaedds

23R ehilasanpndircassBatiern 224 each expose a portion of a
common conductive trace extending peripherally outward from a recess

220 of Filt-rbtdepigattberionE i PasaessatiE S afdhe seepnd sathogiment
PALREA w2h Mh@JeaiRad B3 aASHIRISE NVl th COMEMAIMERRATE 280 is

256 may be provided in the recesses, 20 after which a semiconductor die

YO FRAPSEAOUMBBSHAL BORA N EonB Gh SERenE bt e PEbgsn. The one

Shayyrei BtfidGastdnt@IRIOY e {lith SRR SLIBiRROAUGIRS ARYISE0ASHAM BYmped
280 of the present invention. As in the first embodiment, encapsulation

ReafderieD bl e dishaprssd RABAG A PKoiiesFortHddrs By RN As

fill dharsPase HOWAhANFeREPpRRR 112 6anduatiye thMis KBRicE MR the
testing members 188 may also be used to 25 test the electrical integrity

HHE RO R © RTePfY e BERTEb AR oA TRl iR s8Bipgnductor

placing dhectartinaneemiiers LS aitiErgiyy Qi tie RSt Rats R34 @¥9Belerns for
proximate a periphery 216 on the first surface 212 of the interposer

SUBEHHRR 19 A OSUBAT 4k RS o fedtin O HRSRRIET 4By ke 448 and

reduce AReCc@R! fiRstiasiiog MGROEING tadhainceserk vt dhechist by
and second receSSé)atterns 222 and 30 224 in the first surface 212 of the

FRESHGLET SlspEAte Sra0iths Varamlats il LeihebAthaldr Gitberstacked with
differaniesingiangboradiffRientlaumpe cheaubigations may then be either fully

encapsulated or partially encapsulated by an encapsulation member 186 and/or by a
dispenser 184, as previously described in FIGS. 7 and 8.

FIG. 13 depicts a top plan view of a third embodiment of the interposer substrate
310 of the present invention. As in the first embodiment, interposer substrate 310
includes a first surface 312 and a second surface 314 with a respective first adhesive
element 352 and a second adhesive element 354 thereon, and traces 330 extending from
multiple recesses 320 to testing pads 334 exposed on first and second surfaces 312 and
314 of the interposer substrate 310. Each adhesive element 352 and 354 is provided on a
first die attach site 342 and a second die attach site 344 on respective first and second
surfaces 312 and 314 of interposer substrate 310. As such, the third embodiment is also
similar to the first embodiment in many respects, except the interposer substrate 310 of

the third embodiment includes both a first recess pattern 322 and a second recess pattern
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optionally be mounted to the first surface of the interposer substrate. Such
versatility -20- provides that the first recess pattern 222 and the second
recess patterns 224 share a common die attach site, namely, die attach
site 242, optionally bearing an adhesive element 252. Further, as in the
first embodiment, the recesses 220 are sized and configured to
substantially completely receive the conductive bumps 266 of the 5

semiconductor die 260 so that the active surface 262 of the die 260 lies
itAmiadiagdiys taufaeent tRofise siigmase sabstigie M rpdsehsidusgeterpiiom 324

AxsHdriieeRIcANGHCIoS iﬁ%ﬁ@@é@%a%gr@iéé%fﬂﬁ%si‘ﬁ[&%b%@%iﬁ’&trate 310.

Erovidesareduced height compared to conventional flip chip assemblies.

rohen YEpitesihsel sepifearitiiod pad sesony Bt vae lsarsar under first adhesive
srabeRimeNa ANAGKRA IR ANBr YPortBre AP ATRRTRIES A8 WeRINsecond

the bottom assembly 280 is interconnected to a substrate 290 with _
eoraRicile eenfihes RUDeReRiNES AT HecORd sei #hte bitied 314 unoccupied
psseretligs 280 may include a semiconductor die 260 with a bumped
configuration to fit either the first recess pattern and/or the second recess

patternAAgeRisésf tAd st dntheEesnerretdsin shatBFp o wRyoa dh2Aad the
fiest suriacesdhrahtbecl e RS ruPsHiRte SR e QRIOARhe third

attachment of different sized semiconductor die and/or semiconductor die

foRRsaiPRirEmR4i2ed Bd QuHtiEesd Pateds Isdudinshien hioisRatigtg 2 in the first
FBNPRRia attachaSiin 242 RRINE HtespRsausHbsFaledd AnAspadhe fifst

embodiment, the semiconductor assembly 280 attached by conductive

Eferiits 299 thanecriiirrashRALr04 - shikrdts. Sopresimss stAkia e third
Yéths 2P athenassemilies R0y indhidually a1y hgpsuisiiate R d@ithe

then be either fully encapsulated or partially encapsulated by an

EitesprUtAtidn e FRBER 165 S RISBY 28 diSHRhbdt agan seshbyiBlgERpser substrate
despiberdds vofemilifyaothduht @iffdHerictd aitom Rlanxenaghaditient on a single

embodiment of the interposer substrate 310 of the present invention. As

IHBORFS SRt mENt, TS ASober BIgpRA e 812 i RidRcaPFagnt invention

suslages M4 andoassaeaneeavtiaes s withl/aspasivadirsbadhnesiveng different
element 352 and a second adhesive element 354 thereon, and traces 3

[ y 30
EQRSHATHG RBMP AR BISALSRRY BoAREBLn JpurESen et he ditsh sydpce 312
and e cesshawiiates SR FikdrpbdbresiMerpPeSEIsubsiae kO dpaieial

adhesjve element 352 and 354 is provided on a first die attach site 342

ARSI SRt SREP Vil 7o B e & AT BLEHP22 and second

recess pattern 326 share a common die attach site, namely, die attach site 342 as well as
common conductive traces 330 extending to a set of test pads 334. Likewise, the third
recess pattern 324 and the fourth recess pattern 328 also share a common die attach site,
specifically, die attach site 344 as well as common conductive traces 330 extending to a
set of test pads 334. The mounting and bonding of the first and second dice may be
effected as previously described with respect to the first and second embodiments of the
present invention.

Further, as in the previous embodiments and as noted above, interposer substrate
310 includes test pads 334 fanned out from recesses 320 proximate a periphery 316 of
interposer substrate 310 and exposed on the first surface 312 and/or the second surface
314 of interposer substrate 310. As such, subsequent to mounting semiconductor die to
interposer substrate 310 on the first surface 312 and/or the second surface 314 thereof,

the resulting flip chip semiconductor device assembly may be tested to determine the



10

15

20

25

30

30 surfaces 312 and 314 of interposer substrate 310. As such, the third
embodiment is also similar to the first embodiment in many respects,

except the interposer substrate 310 of the third embodiment includes both

a first recess pattern 322 and a second recess pattern -21- 326 in the first
surface 310 of the interposer substrate- 3310 and a third recess pattern 324
and a fourth recess pattern 328 in the second surface of the interposer
substrate 310. Further, a first adhesive element 352 and a second
sHisbaneabryh electisdantigtadtabiv entereonapttEnp)bsfe easpbe senyggoaductor

ARIGhPRILNQbIsSPaBivRfirsy surface 312 and second 5 surface 314 or
another portion on the first and second surfaces 312 and 314 unoccupied

by recddées! $25piss ddpr RanvieETeiisiapeh epbssbmapefihe dnfrgroser
LeeeRaPATe Y A%2And ih6SRE8R] FRCRSEPANSInERiMAaY D8 SIpas &bstrate

with respect to the recesses in the third recess pattern 324 and the fourth

rdesslgderetriss surasadl2 tid e secaiksgpiagn thé ish ap adbesderiament 452

%ﬁ@H@ﬁYspﬁlfﬁi@éM‘?b’, H?ﬁ@a%%@(ﬂ&éﬁﬁlﬁ?%ﬂ!%&&ﬁﬂ@?&6955'8?420 to testing
recesses 320 in the second recess Egattern 26. Likewise, the recesses

Bodritrthepirgd et distyatiariass 4 S e fafstrRssy mtydraigtditdips such, the
haP@SGABNHMERRS SRR [ﬁ@%§§@é&%méhﬁimaﬁyr%@§§ag%&%t the

328. With this arrangement, interposer substrate 310 provides versatility

{BAiBRRSE ahstetie ik afdhe frardrsabasopeas dsheit 8B sipges pattern 422, a
RO s&ISUPsliate210q Thad 18 cthe prtriposer suPstAIRMRe Qt thetern 428

present invention provides that various sized semiconductor die and/or

sarhitymestip s isasiHépasitle of Bsipsars by e fiflirations may
be optiapaibpraeuntedion toindhecfisst suriaaeRd Arandhie saeAd22 and the

surface 314 of the interposer substrate 310. Further, such optional

ATEORAiIFRS BT RAER AdACTEY e SPE8TIad SHHMIRS Firie FRTELSTStaRY dthe third

AN 3§HRRM2AD 106RFG OBHAEN RLEsShHafRd a0 MeRkie altaeldasies 420 in the first
namely, die attach site 342 as well as common conductive traces 330

ESGENAALCS 4y Rsrpar a3 doaiedmdth IRPeRhty trckessssatids tbthe

sadiaadessihiecessiealiRinnidhalsashane eosanman die:attash sitl@wise, the
specifically, die attach site 344 as well as common conductive traces 3

( ( _ 30
ESRETANTH thin thestbrd segsss aatenn “hamabiangvarth oy witheshest o the
andssecand wieremarthecdseifaated ampupaiavshhaeer nc WihdiesReataces

to the first and second embodiments of the present invention. Further, as

itPthe PHMVBIS EANSERIFREA SR S HBEEA G AU MikiposeEr dtiB¥daount

different sized die thereon. That is, interposer substrate 410 provides versatility in that
various sized semiconductor dice and/or semiconductor dice having different conductive
bump configurations may be optionally mounted on the first surface 412 of interposer
substrate 410, wherein each recess pattern includes a common die attach site 442. The
mounting of the semiconductor die may be employed as previously described with
respect to the first and second embodiments of the present invention.

Further, as in the previous embodiments, interposer substrate 410 includes test
pads 434 fanned out from recesses 420 proximate a periphery 416 of interposer
substrate 410 and exposed on the first surface 412 of interposer substrate 410. Test pads
434 are each common to two recess patterns, as shown in FIG. 14. As such, subsequent
to mounting semiconductor die to the first surface 412 of interposer substrate 410, the

resulting flip chip semiconductor device assembly may be tested to ensure that electrical
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310 includes test pads 334 fanned out from recesses 320 proximate a

periphery 316 of interposer substrate 310 and exposed on the first

surface 312 and/or the second surface 30 314 of interposer substrate 310.

As such, subsequent to mounting semiconductor die to interposer

substrate 310 on the first surface 312 and/or the second surface 314

thereof, the resulting flip chip semiconductor device assembly may be

tested to determine the _22_ mechanical and electrical integrity of the
interedirstgn v pbewe siceses Buhiienauedratidactny theckrapbéyéy exhibited, as

ALOSHRE L OobLE &ﬂlﬁ%@flfg@ R BIRNYIEWhTomBbdEmbRdiment of

the interposer substrate 410 of the present invention. As in the first.
emboditHeHariféppbdesceibpdiiagach afl hsiRidess £ mRedinieate Welmeigeser

SECARASH TRED AIWIER a1t G RS R 6 BB RLABR Pit the JstsVElaGferein the

412, and traces 430 extending from multiple recesses 420 to testing pads

HAArRQYSESERSEREhS firsakiifatls MoRAsWhRrHsIerl8dpsabiRast 1 oxlifferent
BUCRs thrictourti esbpdinaani s siilantoriclirgiRmROdimEnLIN e AYsembly

spects, except the interposer substrate 410 of the fourth embodiment

§ ddferentsrbcesapaadifuont impedeondgwatoapatichhcepsseomiryith the

RIESS RAltEITA ARESR fRHEhecass Walte R A2 eqrRdosmneddR e this
first surface 412 of the interposer substrate 410. As depicted in FIG. 14,

fhansEerdensby et vl ibiery pamerd 2onfighiptiansduayhg iaeaed face
PRSI AAGBO RS Rlagored withisesRessdor thdirsrSSaR dafiitie thifths on

recess pattern 424 and the fourth recess pattern 428. Further, the

thesedes disprisdriadirsbinaeby sesatvsrhin pEensy HIBEMAIGR IeResT

WithikaePerhdaiier S5 sReRtd ibh@ataRaNthtacsssi Rallgiu 42 @liced into
opening onto the same conductive traces 430. Likewise, the recesses

sBvidliRb s rRdudepsemblon RS AP AR NeusRRiF Pagpelar dice on
tadhereeerseasd 2Nt BdauHietesass Rata Ad aPening @edatBsquent to

same conductive traces 430. With this arrangement, interposer substrate
hei0pricrddriodrsiaristyta insiie sererlIct Y Aeyiarertrembdiss prcgrling to the
pHemesevsiddsirate 410 provides versatility in that various sized
semiconductor dice and/or semiconductar dice having different conductive

bump OMHPHEHEAIMBLR b gt Sy HiB Gt ondheXrap v EiR B of

Kieipesaicor asiRiedIdmmhesinedechreaess e igelasdly described
common die attach site 442. The mounting of the semiconductor die ma

B@%&B?éﬂ%%%@%%%w BQQSHBBBIWW%%%%&%%W&%%P’ such as
pesabaspmhadissentamsitie PIOSENABIERHSTIC system, such as a computer system

502. In the computer system 502, the circuit board 590 is connected to a processor
device 504 which communicates with an input device 506 and an output device 508.
The input device 506 may include a keyboard, mouse, joystick, cell phone, PDA system,
or any other electronic input device. The output device 508 may include a monitor, a
printer, a storage device, such as a disk drive, a cell phone, PDA system, or any other
electronic output device. The processor device 504 may be, but is not limited to, a
microprocessor or a circuit card including hardware for processing computer
instructions. Additional structure for an electronic system, such as a computer system
502 would be readily apparent to those skilled in the art.

Yet another embodiment of the present invention is depicted in FIG. 16 of the
drawings. Interposer substrate 610 is comprised of a single conductive layer sandwiched

between two dielectric members 636. The conductive layer may be patterned into a
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Further, as in the previous embodiments, interposer substrate 410
includes test pads 434 fanned out from recesses 420 proximate a
periphery 416 of interposer substrate 410 and exposed on the first
surface 412 of interposer substrate 410. Test pads 434 are each common
to two recess patterns, as shown in FIG24l4. As such, subsequent 30 to
mounting semiconductor die to the first surface 412 of interposer substrate
410, the resulting flip chip semiconductor device assembly may be tested

upktreftrardietiscancoso Ryt Re VB dBd ssRitbakbchynmgeRmprise
and-satirfastonyfraciapRlty s e Bitech RS Ao aS B PrVIRYEIY WMitBielectric

respect to the first and second embodiments. Similar to that described in

BXERDSTHRE Drélid aenéeRdfivA dhas R s aREBIgHSIRYStiaMahs Braied as a sheet or
RIGSENEIPRRPHaRfRAY AR BRRssRMaD &t W alRr deNeh-herait 3 (Pformed

interposer substrate is a wafer scale interposer substrate includes at least

Rys Ghfaectheretss. paReare A SosBiE IR swandr gl igtaigipler is superimposed

%HQEU@B%JH@&J@QQ&@&?a@ﬁﬁﬁ@m}ie‘iﬂ%&ﬁ@‘ﬁfﬁﬂ{dﬁ%%ﬁlﬁ@&i rEe‘éEi@é? BDO may be
bumped configurations which correspond with the at least two different

REEESEpA R S fF BRI cSEa R sHIBEFDSP-sUSiaES ifh ApssOmbathdiclectric
aRtignal gusfers vith diffarany Ryiped spnfisalionssnards atiasheskiace

10 (active surface) down to the wafer scale interposer substrate with

conductivélpRdipicss thE ks disbssinigrdinsetsisan rpdehisgand

LeRASSASUQONEM ThthadniRHReaQE pUbsiRied Theonaler ane-intePRssY
substrate may then be singulated or diced into individual semiconductor

seudvsHNe L UPHTAPE AR Y N BIC b FHENdd R B aERCLP 2Ide BPNthsE Goafkictive
phavafers MayRAREPRed Athewaleniour! akposempletesssulsrapent

to 15 being diced into individual flip chip semiconductor device assemblies

seedvaiig f3mes preser Giokini hetfinde s bibe K MBEFUMRTERTVEED
Edrd ukRiva b XGB! HiPasli h SEIRIRRBNY GRIUSIGR ASIRINBM DA Qksses 620,

the present invention as previously described herein with respect to

PARGYLB OIS HET AV RGeS R uher et uima s Jortisemers. sgmiconductor dice

BERVAAUBY (dissy 586 6spUbsiEle dRGctNt R QISR ANIC¥S e S HSd @S @bstrate 610
computer system 502. In the computer system 502, the circuit board 590

S BlT8Enb St OadAga B IRYAUEbhiRsEmiteel ditiregh a diclectric
wRUpslavigeRRGianesanvaittind ¢ WeamOSe vibes N R IRE B &BR HRAtherwise

include a keyboard, mouse, joystick, cell phone, PDA system, or a

SIS R i B ABURLCRHDS iR SRS S8R LR % 070 and it

BUPAULDE, delectric member 636 to fill the standoff area therebetween as well as any
portions of recesses 620 unfilled by conductive bumps 666 and 676. Further, and if
desired, semiconductor dice 660 and 670 may be encapsulated about their peripheries
and back sides as shown in broken lines to provide a fully encapsulated package 680. As
with other embodiments, enlarged conductive bumps may be formed at appropriate
locations on one or both sides of interposer substrate 610 through other recesses in a
dielectric member 636 for connection of the semiconductor device package 680 to other
packages or to a carrier substrate (not shown).

In lieu of stacking semiconductor packages 680, however, it is contemplated that
either approach to the present invention, comprising a flexible interposer substrate using
dual conductive layers having a dielectric member interposed therebetween or a single
conductive layer interposed between two dielectric members, may be employed to

implement a folded interposer substrate package according to the present invention. An
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25 printer, a storage device, such as a disk drive, a cell phone, PDA

system, or any other electronic output device. The processor device 504

may be, but is not limited to, a microprocessor or a circuit card including
hardware for processing computer instructions. Additional structure for an
electronic system, such as a computer-9gstem 502 would be readily

apparent to those skilled in the art. 30 Yet another embodiment of the

present invention is depicted in FIG. 16 of the drawings. Interposer

supapiYy 61hesleaenprisadwtididierhfelded dietresthyabserienackages is disclosed
hepugeniwo dielectric members 636. The conductive layer may be

patterned into a -24- plurality of conductive traces 630 including

condudiilfé pAdS IS, WHIRIRRAS coRibite Hhcehiptmaagsbaridsa-fBlghralual
BYAAIY RS 88 SR B RO MO IHINRATL B I AL iPa (RRRRER SRPhH present

is contemplated that the conductive layer may be provided as a sheet or

firepiebppidedasratr ey e ldie RearRorHensnd P8 38t Bo itk -to-back
YRR AAR frmed by S5 R €8PRAL: S HRS AR A IR B SEERNE0c on

dielectric member is superimposed on the conductive traces, although the
PRERRoN e ndtkBiRaRei RedRsESisod hay 9E PirfehineanfigHedbwith

bt dliglRotigpersbors iB36n LIHOENSfhiMRNR AL RAthSiRlRslicIMamRes in

636 after the laminated structure of interposer substrate 610 is formed. As

HIEIRISpTcTeRp i1 6L 01, A b FRibefs IR Baera s BosesA - 1the

semieANdusiYetir AbLka RSN ARMETIRR tes GONRUAIYEHBR®S interposer
630 by conductive bumps 666 and 676, which extend into recesses 62

0
foRrtsct bmaddn/BlipaddtB 38 cABRdaetivisESe fRof S HEWIh GRsyipleries and
dirirosask ipriaeasaas i Qbr eandugiie, lnme 86 end H760dPRR01d between

therein to enhance the connections between conductive bumps 666, 676

HHareeeESHBt I Pt 5 304 riE T ORohdaserd cosdustyselqmends 792 may be
BreyioHs]tslistinssethitheipsRETuIS @ERET BB AEUME NS o BERINY &uch as a

semiconductor dice 660 and 670 may be respectively adhered to exterior

ShisEsusiMtelp detoetbetamsiBied Birudhearde Esmais debiethintssnoser
BaINRAS AL FB0diRGsSeddlddasiiRep s iclpstige PACRRENROL may be formed

material 682, which may be any previously disclosed herein or otherwise

byitsREfor & RSy aratrder nsshice 0 and driiRdpdifarmsiciesof
ierpaditsuBQadigaenhdisferise smemparoaa o dillHa-stangdoftaiadent portions

therebetween as well as any portions of recesses 620 unfilled by

doHaaetive Bl 686'8ad6 A8 PER R & O Adbedie e aiaRdLktidise 760a and
s BRtkadba R, aray haiencapstbated@bail 1eel Redpheries to interposer

substrate portion 710b and encapsulation and bumping with enlarged conductive
elements may be completed. Semiconductor dice 760a-c may be of the same type or
origin or of different types or origin, as desired, and perform the same or different
functions.

While the present invention has been disclosed in terms of certain exemplary
embodiments and variations thereof, those of ordinary skill in the art will recognize and
appreciate that the invention is not so limited. Additions, deletions and modifications to
the disclosed embodiments may be effected without departing from the scope of the
invention as claimed herein. Similarly, features from on embodiment may be combined
with those of another while remaining within the scope of the invention. For example,
features of the fourth embodiment may be combined with the second embodiment,

wherein the first surface of the interposer may include four recess patterns and the



and back sides as shown in broken lines to provide a fully encapsulated
package 680. As with other embodiments, enlarged conductive bumps
may be formed at appropriate 25 locations on one or both sides of
interposer substrate 610 through other recesses in a dielectric member
636 for connection of the semiconductopglevice package 680 to other
packages or to a carrier substrate (not shown). In lieu of stacking
semiconductor packages 680, however, it is contemplated that either

sproveshedrtererd Hre seistnAsdStrasApIsiRg Wadxd ke qpte Rbissrs. Further, any

sHRERtS Hsing %Qt&%@'rﬁ&’y'ﬁy CHYG RIS having sutiRlecHiFSPPRE ond surface
interposed therebetween or a single conductive layer interposed between

fidhgiBlEcREThEbEs IpagPhehsBern iRl iEac e deereto.
interposer substrate package according to the present invention. An -25-
exemplary embodiment of a dual-sided folded interposer substrate
packages is disclosed in FIG. 17. FIG. 17 depicts an interposer substrate
710, which may comprise either a dual conductive layer or single
conductive layer interposer substrate according to the present 5
invention, folded over upon itself in two portions 710a and 710b, with
back-to-back semiconductor dice 760a and 760b therebetween and a third
semiconductor die 760c on portion 710a. All three semiconductor dice
760a-c are flip-chip configured with conductive bumps 766 projecting
therefrom into recesses (not shown for clarity) in interposer substrate 710
as discussed with respect to previous embodiments. The 10 standoff
areas between each semiconductor die 760 and its adjacent portion of
interposer substrate 710 may be filled with an encapsulant material 782,
as may the peripheries and back sides of the semiconductor dice 760a-c,
and the bight area 790 of the fold between interposer substrate portions
710a and 710b. Enlarged conductive elements 792 may be employed to
connect the interposer substrate 710 to higher-level packaging, such as a
15 carrier substrate in the form of a printed circuit board. Exemplary folded
interposer substrate package 780a results. Folded interposer substrate
package 780a may be formed by respectively connecting semiconductor
dice 760a and 760b to the same side of interposer substrate 710 in
unfolded or planar form over then-laterally-adjacent portions 710a and
710b, then folding the substrate 710 and adhering semiconductor dice
760a and 20 760b back-to-back, after which semiconductor die 760c is
connected to interposer
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substrate portion 710b and encapsulation and bumping with enlarged
conductive elements may be completed. Semiconductor dice 760a-c may
be of the same type or origin or of different types or origin, as desired,
and perform the same or different functions. 25 While the present
invention has been disclosed in terms opgertain exemplary embodiments
and variations thereof, those of ordinary skill in the art will recognize and
appreciate that the invention is not so limited. Additions, deletions and
modifications to the disclosed embo&ikASMS may be effected without
departing from the scope of the invention as claimed herein. Similarly,
&fgﬂi@,ﬁg{wﬁ%ﬁémbodiment may be combined 30 with those of another
while remaining within the scope of the invention. For example, features
of the fourth embodiment may be combined with the second embodiment,
whereid the fird dHSERB ST iFSrSOBBITHIAE include four recess patterns

anskibaridfngapend surface of the interposer substrate may include two
recess patterns. Further, any number of recess patterns may be provided

BItHePHrE EY rphcendhtbrctHacss rRNe s BF el RetEipBSE Sibstrate
foseepHianalaemicpRENter daAtAcHMBNS SPESRID sidk fof (Fd-AVSVARbISer;

claimed is: 5 1. An interposer substrate, comprising: a dielectric member;

AAIPSE MIFIRGF BT BURBLIER/ BPAAYTEACEINE LitldipletEcdRtaft ah diRIeE Hde

secondpliatity & KRR HIBEET AARIOBRASINGSIHE Hiph8disigstiche
member; at least one recess extending from a surface of the dielectric

membeheRcES BI5E88/Ie 219 thereof to expose a portion of a conductive

HeraseBib e-epReNRA diteRiihe sciplecticrpaletanskaidaash @Copposing
recess extending from a surface of the dielectric member on the op_posintgil
€

side théigoher EXpesERPPOARM S SHRNHEE YraEece RRrBerst il 6f
the dielegtdena@bee: 15 2. The interposer substrate of claim 1, wherein

each of the recesses is sized

2. The interposer substrate of claim 1, wherein each of the recesses is sized
and configured to substantially receive a conductive bump of a flip chip semiconductor
die so that an active surface of the semiconductor die lies immediately adjacent an

exterior surface of the dielectric member.

3. The interposer substrate of claim 1, further comprising at least one die

attach site having an adhesive element positioned on an exterior surface of the dielectric

member.

4. The interposer substrate of claim 1, further comprising test pads
proximate a periphery of the interposer substrate, each of the test pads conductively
connected to a conductive trace and exposed on at least one exterior surface of the

interposer substrate.

5. The interposer substrate of claim 1, wherein the dielectric member

comprises a flexible tape.



and configured to substantially receive a conductive bump of a flip chip
semiconductor die so that an active surface of the semiconductor die lies
immediately adjacent an exterior surface of the dielectric member. 20 3.
The interposer substrate of claim 1, further comprising at least one die
attach site having an adhesive element positioned on an exterior surface
of the dielectric member. 25 4. The interposer substrate of claim 1, further
comprising test pads proximate a periphery of the interposer substrate,

each ofthe tedhpadisipomiUeivaitccmisatel wharesndadiole¢rdee and
RRPSELOMAGEasE RAG SALESIOL SUINARS RhiBEaINEErPPRANSHASIAER3 A @ninate
The interposer substrate of claim 1, wherein the dielectric member
aBfsisBdCa flexible tape. -28- 6. The interposer substrate of claim 1,

wherein the dielectric member comprises at least one of a polymer

material, BT, FR4 laminate, FR5 laminate and ceramic.



