19 JUL 2004 Degani 54-35-69 1 H GH PERFORMANCE MULTI-CHIP IC PACKACE @ ﬁj'[]&j
O The Invention This invention relates to flip chip integrated cir uIJ

(10 packages and nore specifically to nulti-chip |IC packages with high

i nterconnect density. 5 Background O The Invention Milti-chip I C packages
are becogingsgtagdard in the ICindustyy because of increased device

packi ng dénsi ty, which translates into smaller packages with reduced cost.
Typical ‘multi-chi pyAGRKAERECHMANEE: MUL F1-EHIPICPACRAGE - chi p modul es
carried by a printed wiring board. Tn an effort to Increase to device

packi ng density, |C packages have been proposed and used with nultiple

chi ps noEil¢ OfThdventiotes of a printed wiring board. This approach
conplicates the interconnection strategy in the overall assenbly, but
reduces by nearly one-half the footprint of the |IC package. Mre, recent
devel opnent s THsSHRENt@EWSlates te Hip %mmtqgcatsacqtr&g'itr(gc aggeehdvant age

Versat 1 1P PefcFal TR 1€ st REeE R N B R B e e et s
used increasingly due to very fine, and thus dense, interconnection

pat t er nsBaékgeourid Of i TMHeelmiehtionat es  pernit sinple through hole
I nterconnections. It has al so been proposed to populate both sides of a
flexible substrate with active devices. Thin 20 interconnect substrates

that have t hrMufhChigllE parkagesare Seconingaiandard ivthe Koingdystit age to reduce

not T S itica ; ="

Subst r at RECRPE B0 eRSR0 VRS HERIE Hohu B wilGfhaBslfECRROSer 1) 1TET

reduci ngpé@l@giet%a&im tdtiugenamst. arypicdlichlitibehie packagusharCmudgsisagips ot has
pose

been pro ed to bond flexible substrates to rigid substrates 25 to provide
a st ur dymplttRhigemeosiules saaied by earidadedfing bpard | Iman effartdodneigasst es  t he

opt ilgn Oéeﬂgg ipré%k%v'e%%?ty,”f&‘%&?ag%% Ili)é)\}ehbéérEjS?opcgseﬁha%J Ll.lgé(d Witﬁ substrate.

multiple chips mounted on both sides of a printed wiring board. This approach

complicates the interconnection strategy in the overall assembly, but reduces
by nearly one-half the footprint of the IC package. More recent developments
in high density, low cost, IC packaging have taken advantage of flexible

15 substrates which'in some package designs allow more versatility for final
assembly of the system. Flexible substrates are also used increasingly due to
very fine, and thus dense, interconnection patterns. Also, flexible substrates
permit simple through hole interconnections. it has also been proposed to
populate both sides of a flexible substrate with active devices. Thin

20 interconnect substrates that have through hole inferconnections may be used
to advantage to reduce the interconnection length between critical device
components. Thinner substrates produce shorter interconnections. However,
there is a limit to reducing substrate thickness and still have a robust IC
package. It has been proposed to bond flexible substrates to rigid substrates

25  to provide a sturdy package with added interconnect levels, but this eliminates

the option of having devices mounted on both sides of the flexible substrate.




19 JUL 2004 Degani 54-35-69 2 Statenent O The Invention W have devel oped
a high density nulti-chip package using ultra thin flexible substrq@quzm&
with active chips on both sides of the flexible substrate. In the
preferred enbodi nent, |ogic chips are nounted on one side of the flexible 5
substrabﬁzgng$ _ﬁpry chips on the othey side. The thin flexible substrate
IS pro Fged” W mechani cal support by bonding the flexible substrate to a
rigid s ort qﬁp{ 0., a netal sheet or a printed circuit board.
Qpeni ng St he iverit rate are provided to accommpdate the I C chips
on the side of the flexible substrate that is bonded to the rigid board.

| nt er connect i yshade Betaepad tateighaginsitpmeliltimip packagesusing uladdhiosi ng vi as,
and the vias are exceptionally short due to thg_’é/ﬁ\ry tehi Qﬁ{{laﬁXi B%e

subst r at féexitiii sibstratemywite @ctive CHPsH1 bk Hees of feble LAty the IC
chips in, the recessed porfi,o I gl V& 1| el ecessed
portion the e rﬁ%‘i? |°ﬁﬂ“%r|]ta!}>eq?é gb{a)gfar rg%%'t%ta f&{)rﬂon?%(s e&rljtrhg\g/fm!%])égﬂ?S Fig. 1

IS asschgimdifie HPRINMAEMBIRERPS oif thensthenbiddi TRatthiof flaxilblecublstrete & ded
flexible substrate multi-chip | C package of the invention, Fig. % is a plan
vi ew of provited withohechanidal sxppPg bylending theflexiple substigtg to gigid,

schematic representation of a,seco ' @)(aélﬁl = Si-ded
f 1 exi bl es%ﬁﬂfg'l PUbIrai ?ig-"c"ﬁFﬁt?légﬁ%gﬁggbe&ﬁtgg%gcﬁﬁyé% ?'on; ar'lrﬁgszgdei g. 4is
a schemafeCq | ne§6’(5§tfétbcﬁﬂe9f'oﬂdé@itc5 dcesraidaanthelC thipsdouthessideioded
flexible su% trate nulti-chip I C package of the invention; Detailed

Descri pt trenfidkibleesdtistrate tizt is horded tathegigidiinardolatereanBactiith si des of the
flexible substrate is shown in Fig. 1. The flexihle e 11 carries a
bl Lt | ¢ bebreardinedomis g Memasy SR Rt KRser T P TS the top
of the 5898%&%&%11 AhchORlitd tReGrp tHiA fiesidhoBdBstratet Misielademndemas 16 to the
under si dé"of" su SYrate .

also allows efficient heat sinking of the IC chips in the recessed portion of the

rigid board by covering the recessed portion with a heat sink plate.

Brief Description Of The Drawing

15 Fig. 1 is a schematic representation of one embodiment of the double-

sided flexible substrate muiti-chip IC package of the invention;
Fig. 2 is a plan view of a portion of the flexible substrate of Fig. 1;

Fig. 3 is a schematic representation of a second embodiment of the

double-sided flexible substrate multi-chip IC package of the invention; and

20 Fig. 4 is a schematic representation of a third embodiment of the double-

sided flexible substrate multi-chip IC package of the invention,

Detailed Description

A flexible substrate with IC chips mounted on both sides of the flexible

substrate is shown in Fig. 1. The flexible substrate 11 carries a plurality of IC

25 memory chips 13 bonded with solder bumps 14 to the top of the substrate. A
iogic IC chip 15 is bonded with solder bumps 16 to the underside of substrate




19 J U L 2004 Degani 54-35-69 3 11. The flexible substrate has printed
circuit interconnections (not shown for clarity) on both sides of Qe
flexible substrate providing interconnections for the [IC chips. Z JUL 2004
flexible substrate 11 is bonded to a support substrate 17 which nay be any
approprlgggmg4ggg9board that has intergonnection sites on both 5 sides. In
thi s enbodi nent support substrate 17 is preferably a standard epoxy

printed it i ROAER suERG SRS biBidl EifolilréreBhaEdticHs (ot showader | ption 19

i nt ended to nean any oar struCture wth rigidity greater than that of the
f I exi bl ecriipgtarabethldided loé treufiedble subisitatapeovidingddtereonnentions|fevtie of

t d i
| orconbenins The bl pHesiste 13 5 berdefts S PibaHe U Shown
chi
| ower smﬁip%%g“?%\pﬁ%ﬁgég ?W‘gbggg} @L'r a[ﬁ gs%r%nﬁé&()ﬁrésﬂ@%ﬁ‘ngﬂhggl Eootn htehe

next oakiles. arahis Sfisodicherit agsporf siisstiatg 17 tbanrgierpbly(mstandam epbavel in
t he package is that support substrate 17 can .to a printed

wiring begintediwiring beage e Bom rs@}rﬂdarth%ﬁﬁ%ew?m PEBSCE'QFBB 'Rol der

I nt erconnecti,o are v ield. The
sol der dﬁﬁ ‘SZ% il ﬁ@YPéﬁ %ﬁgﬁﬁfﬁgngwgﬁg@gﬁrt%bFr)}&p%méded wth
under bufex(eR 3Libieatel BN THdMpporsatiirdty A7 csddya saopnd el ol der vt t abl e
pads of e.g. Cu-Cr alloy or Ti-Pt-Au. The sol der bunp SIt?S on the

flexible ustetxmmmomlafad bap tiosghio)e taecannestpos éﬁ‘@oﬁhﬁ’ﬁ’ 9% he copper

Coppét panerconecig she mafeiurs 3o il pAf AR B CAT Siowk st 3g. | 0°
accommdqbecmﬁ he |§%t€F&d?ﬁweE€éH‘tbetﬁeCBGN]ﬁ/ thedsrirtbdeirelitnehllewebl e

substrate. IS evident 1n the arrangenent of Fig. 1 that the footpr| nt of
the I1C Ch;quﬁaceZﬁ tneflekibte substrate dideTf e RGAfis chenecled;tpitee siddtiond |

gggz;;a:o? geﬁlgﬁh%%v% teargglen avrllngt g(?ar “e”;? %I'{[ atth Slte(/% iny thlé%%igbe i era\tcal

support substrate 17 can be flip-bonded to a printed wiring board using large

15 BGA solder bumps or balls. Large solder interconnections are very reliable
and can be made with high yield. The solder bump sites on the IC chips 13
and 15 are normally provided with under bump metallization (UBM), which
typically comprises solder wettable pads of e.g. Cu-Cr alloy or Ti-Pt-Au. The
solder bump sites on the flexible substrate 11 are preferably pads incorporated

20 in the copper printed circuits and the solder bumps can be soldered directly to

the copper pads.

The support substrate 17 is provided with openings 18 to accommodate

the IC chips mounted on the underside of the flexible substrate.

It is evident in the arrangement of Fig. 1 that the footprint of the IC chips
25 mounted on the underside of the flexible substrate is constrained by the
openings in the support substrate. However, typical expoxy printed wiring
boards, e.g. FR4 boards, have sufficient structural integrity that a large
percentage of the board area can be provided with openings such as opening
18. it is also evident from Fig. 1 that the number and arrangement of {C chips

30 on the top surface of flexible substrate 11 is unconstrained.




boards, e.g. FR4 boards, have sufficient structural integrity that a |ar
percentage of the board area can be provided with openings such alepﬂHﬂﬂ@'
18. It is also evident fromFig. | that the nunber and arrangenent of IC
chips 30 on the top surface of flexible substrate 11 is unconstrained. 19
JUL 2004 a[f)g\gani 54-35-69 4 As shown i‘p Fig. 1, the ICarray with the |arger
f oot pr il 4-$54% nounted on the top side of the flexible substrate, where

the footprint nmay exceed rea of . ' ke Withgtbgsubstrate
17. \Were tHeS & ‘t"f‘-"&ﬁ:ﬁ% J}'BEEQggaen%yomtgﬁﬁ%?%@%t)?%ﬁghgt Mlg?% chi gsd it is
preferr RE AR EExEIE BShdtrdle, wherd #he footmrivd reaylexcéed kiee f | exi bl e
substra rgtﬁe\tﬁgrgelaiént ercf)lﬁﬁgcr;% igl?)nsgrélbét ween rrermrf/mghi ps,.especially the VDD
and Vssareussfalie opeairumningheauppprt substiatedat dhemine melti-8NPogi ¢ chi ps
nounted on the other side of the flexible raRiGdi p array
will t ypRckagecantaingmemegs And 109G ¢ fﬁ?’ftﬂﬁﬁé‘%ﬁﬁ\% ttl—l-]@n'?nt Ee gr?hé'?\gerrent of
Fig, 1, on t i i f ' sybstratat whehaintéftanmecthonnst r ai ned,
i.e’ i sb%moug‘g%(?ﬁgge?rf)g ?'Egegdh%gl??‘%bst rate. The interconnecti og{ density of
the I1C @é\g\}g@g,emgfnd?t@hip]s, espebially ¢ Vo ghd \asis RESSPRL BIECCATHENEJIN circuitry
may be provided on both sides of the flexible . portion
of "t he atencnimodatashandthe ICslogkowPs MY ‘?‘92” th%szﬁér[ﬁggsog@g%'g’%?ﬁﬁ%l i s
provi ded wi.th throu i i ha&uanay andthpeovi de
i nter coﬁ‘r'l%%@qﬁnrs}r ﬁ\%@i%%&'@ﬁﬁ%@%ﬁ%@%%%%eer s?on_s ?ray provi de
i nt er chiRUnSE A W ptdngement as Gig.i Yrorotheaside Of Hie fexiblessidiwiiale bl 1n the
enbodi nent of Fig. 1 the through hole intercon@?%tions may be for

SRR .S

i nter coimentarstraingd,vigens not BaNGRd it Ee0f the flexible
substrate, or nmay be for interconnections between the top side of the

flexible 20 Sr‘ﬁ%ﬁ%f%&&ﬁé‘&i&;{‘&ﬁ% elthefietb?édkabé okTiglt cuhlbe weryapgheci at ed

by those skil'l thé a enent's inthe figures described herein
are not HRESRRAELhYeEGVEIrcUiIvy st Ibe pitvaded couih sslessofthe ftaredIpr i nt ed

circuits on the flexible substrate , . i1 Fig. 2
substrate. A cutaway portion of the fiexible substrate is shown in Fig. 2.
Flexible substrate 21 is provided with through hole interconnections 23.

15 Runners 25 provide interconnections between IC chips and shorter versions

may provide interchip interconnections. A portion of an IC chip is shown at 26.

In the embodiment of Fig. 1 the through hole interconnections may be
for interconnections between IC chips on opposite sides of the flexible
substrate, or may be for interconnections between the top side of the fiexible

20  substrate and the support substrate 17. 1t will be appreciated by those skilled in
the art that elements in the figures described herein are not necessarily drawn

to scale. The through holes and the printed circuits on the flexible substrate

are typically very fine.

An alternative embodiment of the invention is shown in Fig. 3. Here the
25 flexible substrate 31 carries the same IC chip contingent, i.e. memory IC chips
33 and logic chip '35, as in Fig. 1. The support substrate 34, with opening 36,
is used in this embodiment mainly to provide rigidity, and interconnections on
this support substrate are not required. Accordingly, the support substrate may

be made from a variety of materials, e.g. epoxy FP4, ora thermally conductive




are typically very fine. An alternative enbodi nent of the inventio ijugsz
shown in Fig. 3. Here the 25 flexible substrate 31 carries the sa

chip contingent, i.e. menory IC chips 33 and logic chip 35, as in Fig. 1.
The support substrate 34, with opening 36, is used in this enbodinment
mainly to provide rigidity, and intercgnnections on this support substrate
are not Megp ¥e3%%Accordingly, the support substrate may be made froma

Degani * 5masneh e risbert alhe Brajbrres] chate FoRprGr b ERi R hEr S Conper -
whi ch has nal j: WSk %&@lmggédjmt@ odridaceonmonl y used
I nt erconr?é(@?ﬁgls%ﬁb%qa‘r?é@gggflﬁ%cé&g%iﬁ%%e’glgfE?I‘rﬁ't erconnect i n[g the IC chips to

t he next duevghtdss Tis®BEA 3Bdopinbzodedecting:thel i ehips tetenextdaystisat e 31.

This enbodiment allows 5 a | arge. ar, faqr .routj,ng.on the | ' of the
f1'exi bl o soldsritumi bondes et EKEIR Slg?S‘EaR%%&ou Mg e@%%%%&%ﬁ%ﬁg
substrate assenbl y.of _ I ' ' i Lib|EsGpstfate Thi s represents

t he p? ef & g.le@Fr%%fﬂrrng{'ngPhqvgZé\é’%rqselgésﬁgweﬁere thSe fFexi bl e substrate
41 i s bonded to support substrate 42. A nenory IC chip array 44 is sol der

bunp bonded t qidtRet embiodihdet affthe ieubte Sidediflexible sbbstratecasgamliieofor nore
| ogic I C chips, represented by | C_chi e sol

rep d by f 46, ar er bu ond to the
upper si dbednventiorisshomreindugstr dnes Peﬂg@segtargli}%,p{e\%[[ggﬁﬁﬁggl eangorgeni ng 48
to accompdat e | hi. p ' depded ; I st itratdre

f 1 exi bl mﬁgéﬁ%&&%@ E%g%_ n)ﬁglréc%"nbnect | %ﬁs‘g%ggp &géﬁ‘étﬁﬁg gl. errenrtas are

i npl enentgdl AsnE@eey i edipphoae 44 Theolder tkingssonded & thecoswpsate oflitsst rat e
41 is nade to approximate the thickness of IC chig 46{ Q,E’l u]% t.he andof f
due tio t Hiexibledwibstratmanadwae ardronedogis ¢ diaipsTiarsessteddy-C ¢hB a1y

he. emboctiserioeaie HeedBag e UpBL S FhaFiaRibie SubWale” Bt D Has the
largest nybegrt efibdtfdteiastdiferiyg 48RO @ctmaitidatass enip 6. BEAI49 wany
bonded to the lower side of the flexibie substrate as shown. Interconnections
between the elements are implemented as described above. The thickness of
15  the support subétrate 41 is made to approximate the thickness of IC chip 46
plus the standoff due to the solder bump bonds for IC chip 46. This allows a
thermally condu&:tive heat sink 51 to be intimately attached to the IC chip 46. In
the embodiment shown, IC chip 46 is a logic chip which typically has the
largest number of 10s in the multiple 1C chip assembly, and in many
20  applications requires heat sinking to prevent overheating of the chip in
operation. The heat sink 51 is typically a metal plate bonded to the backside of
IC chip 46 and to the support substrate 42. The heat sink plate provides
additional structural integrity for the package and may serve also as a cover for
the assembly. Heat sink plate 51 may also be provided with holes 52 to allow
»s  underfill to be injected into the cavity 48, providing further package integrity
and protection from hostile ambients. The underfill and the heat sink plate
bonding operations may be combined for convenience, and use the same
epoxy material. It will be understood by those skilled in the art that in the
structure of Fig. 4, the support substrate 42 functions mainly as a standoff

30 member or spacer, and accordingly can be combined with or integrated with




20 applications requires heat sinking to prevent overheating of the chip in
operation. The heat sink 51 is typically a metal plate bonded to t he 19 ﬁ“-zmﬁ
backside of IC chip 46 and to the support substrate 42. The heat sink
pl ate p[OVIdES additional structural integrity for the package and may
serve a as ver for the assenbly Heat sink plate 51 I b

: sE5 LR % pl ate may al so be
prOV|ded§&fT%‘ﬁ%fes 52 to allow 25 underfill to be injected into the cavity

48, providag f WifIALicPar age diBineffd ¥ and RIPEEE diagleihembBeSIiviR

anbi ent s. _ and®t'he heat sink plate bonding operations may be
conbi ned £g5 beaipprotiansiiihattite fleabllineobfiemiblecubsiratmd éaidd in ¢reatingl  be

understood by those skilled in the art that .in the structure of Ei.g. 4
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spacer, accordingly ca ' i LR ' JUL 2004
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Si ng!g ff%mﬁﬁnum_t IMithé préfbaedirisanpe ephoéeedtisik plate id eopperl i ty of
flexible substrate 41 aids in creating intimte contact between the

backside of 1C chip 46 and the heat sink plate 51. Heat sink plate 51 ma
be formed of aTm@mquhmJ@@q:Kﬁega@fttap,In\éerglorb‘aff?dﬁrth%radsaaﬁa@ﬁﬁﬁﬁgh| n the g

preferred case th acer/ t Sl : IS | |t - chi ack
D S AR HY Bl oy T BBy Haesary “chi b package
f1ip- chi piniREshhe& JUBsHAtD arflinkstbnaéstRrr e IGrchipstreoaghittes substbater at e,
and interconnecting the | C chips through the substrate with ogilibem' zation

i

of b| ;aadt | wn%mfnﬁm}m piigatdengthrgeadiiing from theryse AT A venethinfle

substrate. Prefer t fl i bl t '

ol yihy desusiiats Brethrerybs TirHig sbRRaR N & ddly Bl RetiEs adUiio®l oo ¢ han
4 mls. T@ﬁﬁ ag{hgd@ﬁgs?f [&d4 thafM ERfAb aﬁhqﬁgﬁérablbgeéé gdrDd enisUDE at e

preferably has : I ckness in the range 0.5-20 mls. In the enbodi nent
shown, t hprifiteebditauit crubath atde o¢fdbe flexible substetrmseteraklydias. a IHGkARSS, t he

e e Abe OB 6 iRerla B Sritiieht HE, BRI EBLaE HEd U @
two interconnect levels. However, the flexible substrate may also have a
15 multilevel interconnect structure with, e.g., two polymer sheets and four
interconnect levels. Muitilevel structures can be made with overall thickness

less than 10 milé, which will provide suitable flexibility.

The IC chips are typically thinned at the wafer level to approximately 6-
20 mils, starting with, e.g., a 30 mil thick wafer. Thus in the embodiment of Fig.
20 4, the IC chip thickness and the standoff, typically 1-5 mils, result in an overall
standoff between the flexible substrate surface and the backside of the IC chip
of 7-25 mils. The support substrate 42, or alternatively the spacer elements in
whatever form used, have a corresponding thickness to allow effective thermal
contact with the IC chip backside. The vias through the flexible substrate will

25 typically be 0.5 - 2.0 mils in diameter formed, e.g., by laser drilling.

The flexibility of the flexible substrate described for this invention is a
function of the substrate material and thickness. A polymer substrate with a
thickness less than 10 mils and preferably less than 4 mils will generally afford

the appropriate fiexibility and the desired short through hole interconnections.




I nterconnect levels. Miultilevel structures can be nmade with overall
thickness less than 10 mls, which will provide suitable flexibilityg JUHhe,
| C chips are typically thinned at the wafer |l evel to approxi mately 6- 20
mls, starting with, e.g., a 30 ml thick wafer. Thus in the enbodi nent of
Fig. 20 thg Jsggchi p thickness and the standoff, typically 1-5 mls,

result i MBI 3VEr Al |  standoff between the flexible substrate surface and

the backside (gqrhg‘;aggggfshéfﬁhe%\{egﬁt?}ﬁ il B iMpRATHMBANitEMbSS tineiatd, o

alternatively el enen atever formused, have a
cor r espongjpagatdl, ek gsrintea vatihg boafdsand verarhisraviistratasnt 2@t eXATRle: he | C

chi p backside. The vial through the flexible substrate wl| typi call
be 0.5 - tRe@lating memanaphips ORrAsIaEide .Bg‘.??UetB‘;’r sjdad SURRYY %ﬁ‘%%té‘?hé/erm Y
flexibility. of .the flexible . | | SF i ap i1s a
function ‘8%‘%%"’% Bﬂéb?;ﬁtﬁérnﬁf g?ﬁ%q‘ﬁ&éﬁ%%? %ﬁ!:rl?%g@.'sgﬁi S?)dcﬁ ?/fntwﬁvfjtsj%st rate with
a thi ckng&g{,{rﬁgaaﬂé]@cﬁiﬁsﬁﬁ by eaasket etiprantzingeierd, havemadvantagegiand

generally afford the appropriate flexibility and the desired short through
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chi ps on one side of a double sided support substrate and |ogic chips on
the other, or gfioRAhRYbShAiBgARAMLIS cnnestios it the inventismaisdvelbkaown
accommodate I C chips in a recessed chip arrangenent, have agv?ntﬁges and
val uabl e mphkiarhandiisvavensoldenbampl handing of R AqiIR thasihsiate W

substrates in these cases nmn e t.hi. 1ls, mils.
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It should be evident that the IC chips bonded to the flexible substrate in
15 the cavity formed by the openings in the support substrate are approximately
aligned in the vertical plane to the 1C chips bonded on the other side of the
flexible substrate so that through hole interconnections align with regions
containing both chips or groups of chips. The term “opposite” when used in

this context either herein or in the appended claims is intended to define this

20  arrangement.

Various additional modifications of this invention will occur to those
skilled in the art. All deviations from the specific teachings of this specification
that basically rely on the principles and their equivalents through which the art

has been advanced are properly considered within the scope of the invention

25 as described and claimed.




the active surface of the IC device fromhostile environnments. It should be
evident that the I C chips bonded to the flexible substrate in 15 the Iyl 2004
cavity fornmed by the openings in the support substrate are approxi mately
aligned in the vertical plane to the IC chips bonded on the other side of
the flexible substrate so that through hole interconnections align with
regions containing both chips or groups of chips. The term "opposite" when
used in cﬁghﬁscontext either herein or in the appended clains is intended
to defin = 20 arrangenent. Various additional nodifications of this
invention will occur to those skilled in the art. Al deviations fromthe
speci fi c 1 eaghCngrkabetdonsorigpegi fication that basically rely on the

princi ples and their equival ents through which the art has been advanced

are properly considered within the scope of tg | t Zyrfagedandratbed
and cl ai med2. BAGEBURIEEY MBS :'“Q?RMQPF&S §8 é;\égecdo%g’r%rsi ng: a. a rigid

support W‘%as Zéaegﬁ éﬁ%gﬁ*}&%ﬁé tSeuGRARe a0Ppartiwebestrofmate upped at | east

one openi 'ng ough™t he Support nmenber fromthe upper 5 surface

to the | auRfaceUbitpeowbr safédeexi bl e substrate having an upper surface and a
| ower” surface with the lower surface bonded to the upper surface of the

support nenber thereby conbining wth the opening ext i . he

support nerbes flesibieosyhsdradalaying ag upger P'érg%ct %Jhia??i‘“%rhsﬁ‘ggf: P?‘B&‘%‘?gg‘ggﬁded

to the lower surface pf LiBpbi eherabed hereby eédmbiedsy one 1 C
Sutac hoif (eIt RRaRE A0 sl ergby

chip flip2 e pper surface of the substrate, and . e. a
pl ural i t yyah thdbpeaihdwttendingehmugheti supportmemben tretarmng CeWd at | east

c. at least one IC chip flip-chip bonded to the lower surface of the substrate

10 in the cavity,

d. at least one IC chip flip-chip bonded to the upper surface of the

substrate, and

e. a plurality of through hole interconnections interconnecting the at least
one flip-chip bonded to the lower surface of the substrate to the at least one IC

15 chip flip-chip bonded to the upper surface of the substrate.

2. The IC package of claim 1 wherein the at least one IC chip flip-chip bonded
to the lower surface of the substrate is a logic chip and the at least one 1C chip

flip-chip bonded to the upper surface of the substrate comprises an array of

memory chips.

20 3. The IC package of claim 2 further including an array of solder bumps
provided on the lower surface of the support member and through hole
interconnections through the support member interconnecting the array of

solder bumps to the lower surface of the substrate.




one flip-chip bonded to the | ower surface of the substrate to the at Iﬁast
one I1C 15 chip flip-chip bonded to the upper surface of the subst r atgeJUb 200k
The | C package of claiml| wherein the at |east one IC chip flip-chip bonded
to the Il ower surface of the substrate is a logic chip and the at | east one
| C chip flip-chip bonded to the uppergsurface of the substrate conprises
an array of nenory chips. 20 3. The I C package of claim2 further

gﬂg'p(‘;?{ nﬁfeﬁﬁgﬁb;ﬁ%c@)a‘:gesﬁgﬂ&hbﬁ’ RSP\t fleshe el ibechip s calp bangeof the

0 I At erconnections through the support

Tember | #q8RBPSLIfEGe oh atr sistate isah deny bfimEmony dtips Boddne Sir f ace of
the substrate. 1 9 J UL 2001, 9 4. The |IC package, of claim 1 wherein

the..at leassbnené dhip dip-phiplbqndesity thenaear Sukagehef | SU@§ ace of said
substrate is an ar[s%\gﬁof rmr%liﬁchi ps and the at |east one IC chip

f1i p- chi porpBFaRY 3 8“83‘5%%0 ‘face of the substrate conprises at |east
one logic chip.. 5 5. The IC package of claim4 further including an array
of sql deg % pRERYdSIBECI8T UHartHBPRICILBING an@raly offeidersumpse with the
array of “sol der Burrps I nterconnected to the at |east aone |C ch|B flip-chip
bonded t praviedippene sippeaserfacs of the suhstratewith tae aftey PIGPIAYBPSf claim |
further 1ncluding an array of sol bupmps ' pger
surface #itetopansgissd one 'i??ﬁtt%dlg?qg%'cégﬂ %Perﬁjet?/ufr?g@g | teté:ggtr)%nect ed to
the at | chip flip-chip bonded to the upper surface of the
substr at §f&%58'5}.§5t}fgel C package conprising: a. a support substrate having:

I . an upper surface, '
6. The IC package of claim 1 further including an array of soider bumps

10  provided on the upper surface of the substrate with the array of solder bumps

interconnected to the at least one IC chip flip-chip bonded to the upper surface

of the substrate.
7. An IC package comprising:
a. a support substrate having:
15 i. an upper surface,
ii. alower surface,

ili. atleast one opening extending through the support substrate

from the upper surface to the lower surface,

b. a flexible substrate of a polymer with a thickness less than 10 mils

20 having:
i. an upper surface,

ii. alower surface, the lower surface bonded to the upper surface
‘of the support substrate thereby combining with the opening in

the support substrate to form a cavity,

25 iii. a first printed circuit on the upper surface,




ii. alower surface, iii. at |east one opening extending through the
support substrate fromthe upper surface to the | ower surface, b.9a UL 2004
flexi ble substrate of a polyner with a thickness |less than 10 nilé Zé

having: i. an upper surface, ii, a |lower surface, the | ower surface bonded
to the upper surface of the support sypstrate thereby conmbining with the
opening in the support substrate to forma cavity, 25 iii. a first printed

circuit on the uppgy §%ret:8ﬁ8’pri%9?d]{:ﬂr{:®t 3A%e Iwévsurpacgecond printed circuit
|

on the | ower surface, v. a plurality of through hole interconnections
interconnecting the first printed circuit and the second printed circuit,
c. at |east one | Cvirearphyalithich thioughdinle interchamectonsintafsganesting e of the
5 flexible substrate and i nterconn to the {E}%{%Ié?p inted circuit, d. at

onnect ed
| east one I C | ogi cka?ﬁFif'rftPﬁjﬁleHﬁtﬁ“gothaesﬁcpﬂdtpﬁ' “Surface of the
flexible substrate in the cavity and interconnected to the second printed

cireult, e oan A gngfcafbaBly ONBIpRIAY bIRdO iruppRsURald opcol  he

flexible stb rray of sol der bunps interconnected to the at
| easts ongjekible sabseaterandintercoanected ta thefitstgirinteghcuceit,at t ached to both the
| ower surface of the support substrate and the at |east one IC logic chip.

SO e e L N S L A g
ePoxy 1Bl LGflsithiel RAnERAUH) anllintBhGorfediaf e SodriAbéawieurl n the

support strate an he heat” sin

e. an array of solder bumps provided on the upper surface of the flexible

substrate with the array of solder bumps interconnected to the at least one IC

10 memory chip, and

f. a heat sink plate attached to both the lower surface of the support

substrate and the at least one IC logic chip.
8. The IC package of claim 7 wherein the support substrate is a metal sheet.

9. The IC package of claim 7 wherein the support substrate is an epoxy

15  printed wiring board.

10. The IC package of claim 7 wherein the support substrate and the heat sink

plate are a single member.




plate are a single menber. 19 J U 2004 |i 11. An | C package conpri 9prgl 2804
a rigid support nenber having an upper surface and a | ower surface, and at
| east one openi ng extendi ng through the support nenber fromthe upper
surface to the lower surface, b. a flexible substrate, with a thickness of
|l ess than 10 m s, having an wupper surface and a | ower surface with the
| ower surface bonded to the upper surface of the support nenber thereby
conbining with the opening extendi ng fhrough the support nenber to form an
open cavity, c. at least one IC chip flip-chip bonded to the | ower surface
of the substrate in the cavity, d. at least one IC chip flip-chip bonded
to the upper surface of the substrate, and e. a plurality of through hole
intercongscti9€$mint rconnecthﬁ the at least one flip-chip bonded to the
| oner surface RRCEIFSTIREIY the at 1east one IC chip flip-chip
bonded to the upper surface of the substrate.

a. a rigid support member having an upper surface and a lower surface,

and at least one opening extending through the support member from the upper
surface to the lower surface,

b. a flexible substrate, with a thickness of less than 10 mils, having an
upper surface and a lower surface with the lower surface bonded to the upper
surface of the support member thereby combining with the opening extending
through the support member to form an open cavity,

c. at least one IC chip flip-chip bonded to the lower surface of the
substrate in the cavity,

d. at least one IC chip flip-chip bonded to the upper surface of the
substrate, and

e. a plurality of through hole interconnections interconnecting the at least

one flip-chip bonded to the lower surface of the substrate to the at least one IC

chip flip-chip bonded to the upper surface of the substrate.






