SELEEEE e e f e e e e~ *@0002*  Integrated Circuit and
Met hod of Fabricating an Integrated Circuit That |Includes a Fr '

I nterposer 5 Technical Field The present. invention rel ates qm@nmm@ mm
‘an integrated circuit. More particularly, it pertains to an

circuit and nethod that include a frame carrier interposer. 10 Ba€®&#qund
Integrated circuit technology relates to integrating nunmerous different
types of electronic devices to fornulate vast arrays of integrated

circuits. The conplexity of these circuits requires the use of an
ever-increasing nunber of |inked devices that are fabricated in ever

smal | er packagamtegfiited ChduliaRd Méthod 6 EdbrRaied 01 tBha Mt rdmit hods for
el ectrically connecting and packagi ng circuit devices which occupy |ess

surface area on a chi p/ ditatdpcludes atrame CarxipreIngipieri ng systens are
fabricated with many chips that perform different functions. The chips are
packaged together to forma conplete system One conmon type of integrated
circuit uses a patterned conduct ileshmoalFeeddif r aune as an i nterposer. The

| eadf rame interposer transfers currents anong. related deyices. The

t hi ckness of a co \Fé’rrl?sl’:%rllg cn{l%rér&%}céﬁﬁnef%gg@ﬁ’?@éﬁgf%;&bcértc ew“"ioo um and 200
um The r el aparii@llathyl, Apegeaidtb ok itasataf citchie ahEnethodie hylpdcafinte generates a
| arger than desired i nductance within the current paths of the |eadfrane
when curr ent @MEIUFPYEN ) O sjgnal s, travel through the |eadfrane. The 25

t hi cknesggal so causes fine pitch paQg@send i Mtations when the leadfrante is
fabricated. The design rule in conventional |eadfranmes typically exceeds
200/ 200. | n addi tintseratedsitegt igelaglogy Fedaipste inlpgmptingmymgepas didisteant i onal

| eadframes Wi ARG doidit ﬂf}%rﬁﬁlat@vasj by 6P inlegPith clofifieTpgeCauSe 1 he

el ectrical s are typica onger 1n raane I nterposer than
ot her types oimnlexityofthesy @rcuits requires the use of an ever-increasing number of

linked devices that are fabricated in ever smaller packages. One challenge is to
15 develop improved mecthods for electrically connecting and packaging circuit
devices which occupy less surface area on a chip/dic or substrate.
Some computing systems are fabricated with many chips that perform
different functions. The chips are packaged together to form a complete system.
One common type of integrated circuit uses a patterned conductive
20 leadframe as an interposer. The leadframe interposer transfers currents among
related devices, The thickness of a conventional leadframe is typically between
100 um and 200 um., The relatively large thickness of the leadframe typically
generates a larger than desired inductance within the current paths of the
leadframe when currents, such as I/O signals, travel through the leadrame. The
25  thickness also causcs fine pitch process limitations when the leadframe is
fabricated. The design rule in conventional leadframes typically exceeds
200/200. In addition, integrated circuits that include conventional leadframes are
generally larger (i.e., thicker) and slower because the clectrical paths are
typically longer in a leadframe interposer than other types of interposers.
30 - Another type of integrated circuit uses a rigid substrate as part of an

interposer. Interposcrs that include rigid substrates are relatively thick such that

the integrated circuits which are produced with rigid substrate interposers have a
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.30 Another type of integrated circuit uses a rigid substrate as part of an
I nterposer. |Interposcrs that include rigid substrates are relatively thick
such that the integrated circuits which are produced with rigid substrate
interposers have a 1 ~lI~lIl ~~lI~ 1M ~~~~~ HIl IM Il 111 *159159*

| arger than desired profile. An integrated circuit that includes an

I nterposer wwth a rigid substrate is also generally nore expensive to
produce becalaggr tHan desied p@fild, alf inegiaed cirtuibdidhclddes Bh Rbdlp dsEOWtT €S
relatively high fabrication cosfs. In addjtion, the cost of materials
associ at ed \Aﬁ‘%ﬁ‘dfsﬁlbﬁ“ia@d% lRyesneig i mSTRFXPSISVE to Boduce BpGusedl Bustder el at i vel y

hi gh. The ri gbfeca4838 bah SornSml YRuGE et VeRdG off £ ' . resin with
fiber. such asc Bi srmal ei mrdenTreingzi ne t(lhere%lf tagﬁﬁa?é_?_ !%ée(sgg{l(y resins, which

tend to abswidiampthscot of magripleawedived yith fabrieating/BTidsubsraierrance of t he

package. ThepaRLS idebavii¥Rifal | y outgassing problenms with polynmers such
as BT. In adc?itqi)on, 118 rﬁ)s%l 6%; the resins that formrigid substrate

i nt erposers degr able rigid subbteaté isdypyealipwede BompepalymeessinTht fitsw degr adat i on
t enper at ures rcﬁgyﬁi%mt {%?mirgg?ﬁgzii%f@ﬁrtﬁﬁ%% ’tegclg&srgsthpsat%@{%ﬂ l%{)gigoegr ated circuit

package, whi B hel iaes rpo be exposed to
during fabri stabibanocistog 2 aEgtivaNimpAcOVST perisiinande®  tHeafapO SEieFe ar €
typically manufactured according to a 65/ 65 design rule. 15 Another type of
i nt egrat ed cif&l§p typirelly oufesspiag proplems yildpolimerssycagBT. op addition.nt er poser. The

f1exi bl e 13ubsLL geWbdins (HE TG 4 86 s1t%§u4:@fneerq|5£9¥s UGrAR ot lfc%ivelm advant age of

flex interposers is that they are relatively thin so the c nt paths in
t he i nt er postempgrhegsaflac lovsdeosradatinn temparatugs fedecedherengd dn. | n addition, the

flex i nter POsBERnfad R ifadus SR ABRUACLHER oty ABSigL  desi on rul e,

such as 30/3 or even ack w Intérposers is that
t hey are r el iatepastymax peegiosed to tharingrfeltication afd opérationd Ragiladistrats t hat flex is
typicallyfalrpe 0 absorb a |l arge

anount of nor s} Sorsgrfs ta%etfrpgll %‘%@é@a? tlg%eggécggﬁ%egta%kstd%g"s rlé
15 Another type of integrated circuit uses a flexible substrate as part of an
interposcr. The [lexible substrate will hereatter be referred to as flex. One
advantage of flex interposcrs is that they are relatively thin so the currcnt paths in
the interposer generate less inductance during operation, In addition, the flex
interposers can typically be manufactured with a better design rule, such as 30/30
20 oreven lower.

One drawback with flex interposers is that they are relatively cxpensive
to produce. Another drawback is that flex is typically formed of a polymer tape
or film that tends to absorb a large amount of moisture thereby effecting package
reliability. It is also typically difficult to adequalely adhere anything, including

25 copper foil, electronic devices and/or solder masks among others, {o the flex
during fabrication of an integrated circuit that includcs a tlex interposer. The
inability to adequately adhere anything to the flex results in integratcd circuits

" that have poor reliability. Another drawback with flex interposers is that they arc
difficult to th.ldl.e during fabrication of integfate_d circuits due to their lack of

30 thickness and rigidity and a higher than desired shrinkage factor.

Thus, what is needed are an improved integrated circuit and method

which utilizes a relatively thin and low cost interposer that is fabricated
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.reliability. It is also typically difficult to adequately adhere anyt hing,

i ncl udi ng 25 copper foil, electronic devices and/or sol der masks anong
others, to the flex during fabrication of an integrated circuit that
includes a flex interposer. The inability to adequately adhere anything to
the flex results in integrated circuits r that have poor reliability.

Anot her drawback with flex interposers is that they are difficult to

handl e duri i i 1] rcu to their lack of 30
t hi ckness a%gcor li%Plctioc %;E;‘?&#g? Lg#ﬁﬁ ta‘{?cﬁl% Ef)ebscl dcélaﬂbg%‘ eGPt or . Thus,
what is needﬁ@luqutm%ﬂﬂwo%ﬁek tb%d@gélﬂbﬁﬁrecdbb&ﬁhén a%ta%u@&sh@,d whi ch

utilizes a relatively thin and Iow cost interposer that is fabricated 1)

according to superior design rul esSummagoy| d al so be desirable if the
| nterposer i nChydtlolelrhdudindprdterhOl ek ctil%@ ¢ Rkabeife absorption

and out gassi ng umrary ove nmentlo i nt egrat ed
circuits ar @némdglaséemcwnd&mdltm oghude ecﬁammcmumtmannbsereﬂhad that include

a frame car rflr cag's ?rrﬁgrﬁos[er cregfter mayabr rﬂrrrﬁ?%? tng;Eitggzag)r Pg{‘e%{jeaf ter FC)

may be produce e or r for esign vile.
The FCl is rf@ﬂnaMthelsypetriDr st rbleatThd Ecnareldmelusmd so that ipeacheared ow profile
integrated circuits. The current paths in the FCI also generate |ow

i nduct ance dQPT%‘QC%‘ﬁé’ﬂﬁ?ﬁ'6Fﬂt%‘t§%fbf3’é§utt9nénﬁelm¢f§P#@i mtthgBClalschi n, 10 In sone
enbodi nment s cl.ude n at. ECI has | ess

roi ot ur e apastaedey i JL rsPo R e S TP s ol ect romi cs
packagesl10 The F@Gh sd1ﬁeﬁhl&ﬂ1rﬂﬁl$d the TODRAI aludeinmpdliamers Gidh thadCrhga such t hat
UO devices can be ro n_inte aéﬁd circ t that includes the FCL In

an illustrat Fﬁ?énoéﬂ)t% ’t‘m a& O‘?tﬁatsé‘ﬁ msthag gier [yRes URF¥E™sh FO and at

15 | east oneaetaged, rMImlwgo@51mﬂﬁgﬁkdﬁtﬁmelﬁ§aareﬂl@hlﬁ@kwncl udes a
conductive fojl that is lamnated to only a filmand electrically

connect ed t dlevises %PbFé%Pé‘id‘OGHB‘t%SF’é‘?,‘WGWM‘aH@Vli“é@ thg FClanot her enbodi nent, an
integrated circyjt nmg&a«eﬁeemla@uﬁgh ANfke a@a%mmuaa&q sh@cth@ O . The FC

i ncl udes a copper amnated to onl
15 least one electromc dcvice mounted to the FCI. The I'CI mc]udcs a conductive

foil that is laminated to only a dry film and electrically connected to the at least
one electronic device.

In another embodiment, an intcgrated circuit includes an FCI and a die
mounted to the FCI. The FCl includes a copper foil that is laminated to only a

20  dry photosensitive film and electrically connected to the die.

In another example embodiment, a method of fabricating an integrated
circuit includes laminating a conductive {oil to only a dry film to form an FCI
and patterning the conductive foil. The method may also include punching a
pattern into the dry film.

25 In still another embodiment, a method fabricating an integrated circuit
includes laminating a copper foil to only a dry film lo forim an FCI, and
patterning the copper foil after the copper foil bas been laminated to the dry tilm.
The method may also include patierning the d‘ry film.

In yet another embodiment, a method of fabricating an integrated circuit

30 includes laminating a conductive foil to only a dry film to form an FCI;

palterning the conductive foil; and photo-imaging a pattern into the dry film,



.20 dry photosensitive filmand electrically connected to the die. In

anot her exanpl e enbodi nent, a nethod of fabricating an integrated circuit
i ncludes lam nating a conductive foil to only a dry filmto forman FCl
"and patterning the conductive foil. The method may al so include punching a
pattern into the dry film 25 In still another enbodi nent, a nethod
fabricating an integrated circuit includes |amnating a copper foil to

only a dry fﬁk%&ﬂ»&%ﬁmna%eqh%&dmagg.gfa%ﬁ@n%qbg ggonﬂggﬁﬂgiml after the

copper foil has been |"amnated to the may al so
i ncl ude pat tlemimiating thheorluytivei fbirto thndly'eftlmanot her enbodi ment, a nethod of

fabricating an i.nteqyated |rc am nat.in conductive foil
?ﬁ gamp e cmgﬂtlmen palfﬂ g?djn t?fﬁfabr{c téngcan r}ﬁtﬁg‘ﬂ%s .

to only a dry fi e foil; and

phot o- i magi ngrcait pat ineluﬂesl mhmamrgea abnyludtiivé fail t3 ollla deefilod femyaral so i ncl ude
photo-imain a§attern|nto g y. filmafter Iamnatlngthe conducti ve
foil tot 1 patiermine ‘Pﬁ“%"&lf‘ﬂérfm RRAPIENBRA BeftGT O the dRiiRod of

fabricati ng mmaﬁ&ﬂw £5b m@l'u&é:;HJnEhlE%@Eaticﬁﬁhqugcgdﬂy@i%'B@fol‘d"g a conductive
foil toonly a dry fil'mto form an atterning the conductive foil;

and punchi ndamingting &e ponduetdvetfhid tethg dtyifilim The met hod may al so incl ude _
punching a patt%%mdtﬁetr%ﬁ{g&ﬂ e Bh¥odis Lﬂpéﬁ%tgérﬁtcdkﬁﬂnq élﬁc{lgaﬁ? gonductive foil
n ano e

to the dry film exanp eenb ]éa circuit
i ncl udes an fiE€klie mddtﬂeasttondﬂaadwmd Htcﬂtéasrluden&dndacdmrfcﬂl laffiteBCl i ncl udes a

o the coRaBerye PR oths i sl eonondle e bedfme ' ° ™

el ectrical | yhearnercok leehlenmrbdmmmnﬁsatslthet @nllingivé foilsb t1difRst dld n anot her
exanpl e enbodi ment, an int %grat ed circyit |n€I udes an FCl _and  a die
mounted to the RERotheigxaeyle pbodiment a iptegraied eird pdvdes Pt haded to only a

v, 17 TRk Se e rCrohdse han abuskepi s oGP ECL {1
fabri cati ng dfilm: Ehg die éngludes solder balls that electrically connect the die to the
15 conductive foil.
In another example embodiment, a method of fubricating an integrated
circuit that includes laminating a conductive foil to only a dry film to form an
FCI and patterning the conductive foil. The method further includes adhering an
electronic device 1o the conductive foil in the frame carrier interposer and
20 encapsulating the electronic device on the frame camier interposer before
removing the dry film.
In another example embodiment, an integraled circuit includes an FCI and
a die mounted to the FCI. The FCI includes a conductive foil laminaied to only a
dry film and a soldermask adhered to the conductive foil. A dic is mounted to
25 the frame camier interposer and electrically connected to the conductive foil.
These and other cmbodiments, aspects, advantages, and features of the
present invention arc set forth in part in the detailed description which follows.
The aspects, advantages, and features of the invention are realized and attained

by mcans of the instrumentalities, procedures, and combinations particularly

30 pointed out in the appended claims.



.circuit that includes |lamnating a conductive foil to only a dry filmto
forman FCl and patterning the conductive foil. The nethod further

i ncl udes adhering an electronic device to the conductive foil in the frane
‘carrier interposer and 20 encapsul ating the el ectronic device on the frane
cagier interposer before renoving the dry film 1In another exanple

enbodi nent, an integrated circuit includes an FCI and a die nounted to the
FClI. The FCl includes a conglgipnes&intioh bf hemiahgd to only a dry filmand a
sol dermask adhered to the conductive forl. e is munted to 25 the frane
carrier interpostgurahds :e:*oce@maticmatbswcqtﬁgmiétﬂwéﬂu&t@tinm@ exemglect i ve foil .

These and oth rodﬁnen?dl%eﬂﬁegratet%%ﬁ}g1 , advant ages, and features of the

present i nverlt are’ se I'mn"part in the detailed description which
foll ows. The askigota,s asbhaﬂttasgmss -samidndl eamnimdardd Figne 1 ilvartinpn ar e
realized and attained. b mea f .t he {5?51 rumentalities, procedures, and
conbi nat i dns*35ef F’@mpécr?%‘m %8 HRGEBEE Y he appended claims. 4 Bri ef
Description of tiguPsays stlismbticisse-sdctiohal FieSChaiT@id bigufoSugRehg onal vi ew
illustrating an exanple enbodinent of an integrated circuit. Figure 2 is a
schemati c cryssgnaiearerapile epbedimentef pyintegrtadicfeie 1 illustrating 5 anot her
exanpl e enmbodi ey Purg 19*95 %gt r&%@@e&:‘oﬁﬁ"&ie‘v sithl1 46 Bi ?r@ré lslllﬂstﬁaﬁﬂ matic
cross-secti onal ew si m rgure 1 1llustrating ano her exanpl e
enbodi nent o§tilieamothet agnmieeamlmdnmt of anfitegrated dirqug. a scherratl c
cross-segtional wiewsimlar to Fi ot her

exanpl e ghbodl s N A T °°é’i°‘€%‘d§ew H@B&&E %@gre 't“thlauﬁ chemati c
Cross-sect i ogkhey bxeimipic m‘rboaliméxmoFarguregafbdlcird:ulst rati ng anot her exanpl e
enbodi nent of a |nt gr at d cLrcuit ure 6 1 gﬁl ¢

cross- sect i onal ??ﬁ"l gpaticy crﬁsdﬁ‘in@n I e ?ﬂ%‘re 3t ngg exanpl e

enbodi ment  ofnoper bﬂinﬁﬁk! é}ﬁlﬁﬂnﬁéxﬁ@ﬂaﬁmteﬁla&ukmuh is a schematic
cross-sectional viewsimlar to Figure illustrating
Figure 7 is a schematic cross- sectlonal view similar to Figure 1 illustrating

15  another example embodiment of an integrated circuit. .
Figures 8-12 illustrate one embodiment of a method of fabricating a FCL
Figures 13-16 illustrate another embhodiment of a mcthod of [abricating a
FCL
Figurcs 17-19 illustrate one embodiment of a method of fabricating an
20 intograted circuit.
Detailed Description
In the following detailed description of the invention, reference is made to
the accompanying drawings which show specific embodiments in which the
invention may be practiced. In the drawings, like numerals describe substantially
25  similar components throughout the several views. These embodiments are
described in sufficient dctail to cnable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and
clectrical changes may be made without departing from the scope of the present
invention. The scope of the present invention is defined only by the ¢claims and
30 the full scope of equivalents to which the claims are entitled.
Figure 1 is a schematic cross-sectional view illustrating an example

embodiment of an inlegrated circuit 10, Integrated circuit 10 includes an FC1 12



.15 anot her exanpl e enbodi nent of an integrated circuit. Figures 8-12

illustrate one enbodi nent of a nethod of fabricating a FCl. Figures 13-16
illustrate another enbodi nent of a method of fabricating a FC. Figures
17-19 illustrate one enbodi nent of a nethod of fabricating an 20

integrated circuit. Detailed Description In the follow ng detailed
description of the invention, reference is nmade to the acconpanying

drawi ngs whi g sthenst SiR@tdcirbric 8VRROISIE RS &e I 4) Ml «§ hel 12. egnhi on may be
practiced. In the draw ngs, |ike nunerals descri be substantially 25 sinilar

conponent s t HicBlghseandpgiareday B Gpt iy Jamipptedtn erly admpbilen Heandds are ~ descri bed
in sufficien { : h i I e art ractice the
i nvention. Clglﬁgtﬁrc%%cg |eﬁgeﬁ?$s)hl§é%f géﬁdﬁl #Ye!flgggs gﬁjéhs ?clﬁtgtpﬂér"g‘?e? | ogi cal, and
el ectrical chaaggsthsay abifromdie Idiahdioudthalepatridindeviceanintsbmescope of t he

present inventiaon. T e of the prese invention is defined only by
the cl ai ne aﬁ’&“’%‘gmﬁﬁt&%ﬁﬁ?‘gﬁ:&b iekpgss 5’8%&%[%“?@‘1“8 which the clains are
entitled. FigureDie i4sis 8ectfdedBC] 12 (iR %8 a8IRGive ONabievidqiny el ssikdgat i ng an

exanpl e enbodinent, of an integrated circuit 10. Integrated circuit 10
i ncl udes an kcyongyetive fojl i apd/or Erydiimdfe bpihe crpefimentddusirated isFigieas die 14,

mounted to FEl4id 24 istdaltheldondbidlivt YHES BdeCRAYES, iaMRodaRid other that is lam nated
toonly adry film16 and is electrically connected to die 14. Conductive

foil 15 is pambedimerfsidie Wy breon the dydilm 1pa1dpof TGl Radiedémabe 14 and/ or
ot her el egf rQui i I . . a thickness
| ess tha‘rall%l58w$9%$§%ds‘§ﬁsmeén?%§?lgﬁ s1 23 gérgg(gg% %%Eﬁt\%ngg%tse%}ﬁﬁa%?\ adhesi ve 17.
Die 14 nay bEncapsulateds map crtomblingt the pattem df cdriduatine/ foil 18 end/dr dryfilk®. |1 n t he
enbodi nment iiéustrat ed in Figure 1; die 14 is on the conductive foil 15
si de of FCl , although in other enbodinents, die 14 nmaybe on the dry

film16 side of mGomb2xahhle ehbodimyhg diell4ay lbctigdigleeunstielitcan encapsul ate 18

according to conventional techniques. . . . .
conductive foil 15 using leadwires 19, while in other embodiments die 14 may

15 alternatively (or in addition to) be electrically connected to conductive foil 15
where dic 14 is mounted to FCI 12. In the sample embodiment illustrated in
Figure 1, dry film 16 is patterned such that an array of solder balls 20 extends
through portions of dry film 16 to engage at least one of the conductive foil 15,
dic 14 and leadwires 19.

20 As used herein conductive foil means any sheet of conductive material
(e.g., copper) with a thickness less than 40 micron. In addition, as used herein
dry film means protection coating material, such as solder-mask in film form, In
some embodiments, dry {ilm 16 is a photosensitive film.

Figurc 2 illustrates an example embodiment of integrated circuit 10 that

25 includes another die 24 that may be electrically cormected to [irst die 14, Die 24
is mounted to conductive foil 15 adjacent to 14 on the same side of FC1 12, In
some embodiments, FCI 12 may be folded over to stack die 24 onto die 14.

Figurc 3 illustrates another example embodiment of integrated circuit 10.
In the example embodiment illustrated in Figure 3, dic 14 is a stacked die that
30 includes a second die 34A stacked onto a first die 34B.



.Encapsul ate 18 may extend into the pattern of conductive foil 15 and/or dry
film 16. In sonme exanple enbodinents, die 14 is electrically connected to
conductive foil 15 using leadwires 19, while in other enbodinments die 14
may 15 alternatively (or in addition to) be electrically connected to
conductive foil 15 where die 14 is nmounted to FCl 12. In the sanple

enbodi nent illustrated in Figure 1, dry film16 is patterned such that an

array of sol der mm&m%@sr@atneﬂﬂgure&b@wmap@mbpﬁa betoﬂ{e&e&wdﬁ'elﬁ to engage
at | east one of the conductive , die 14 and leadwires 19. 20 As

used herein enstibnby pyseconpintionsd sashniaey inshiding op¢ omerdué thewendvatier i al  (e. g.,
copper) V\Athfoz?1 ltstyng ?Qﬁgﬁ)ss than 40 mcron. In addition, as used herein
dry film means I'on coéating material, such as sol der-mask in film

form In sone ehbmﬂmrmm:sces alsanyile érﬂboﬂﬁnmﬁoﬁm&bﬁleﬂ&:&ﬂlﬁt 10 wheré 8dym Fi gure 2

illustrates a nboi nt of t.eg II‘CUI 10 that 25

i ncl udes fﬁ‘éﬁ( a?ﬁt %Stﬁée 1§’P‘g {9 ?"I“’SP EB‘FHP@EF&&I%B'“N rst die 14.
Die 24 is m%ﬁ@mc&@e&mﬂdﬂmlym f Qifikst daphlAC BN odvers ik WhnliRe sane side of
FCl 12. In sone enbodinents, FCl 12 maybe folded over to stack die 24 onto

die 14. Fi gusesons sneansuiatedSBeouayhpal lewsk anpdralwined8Bi nent of i nt egr at ed
circuit 10. In h@m%mmiaﬁsﬁma&mmemﬁdauﬁéﬁa%mg{?&gcirau{ fp3 dieldis a

stacked die that 30 i ncludes a second die onto a first die
34B. 6 Each whichinstndshdion4 and BClgZragranged amal {1-ohitycanfigerajorn @dic bé connected to

0N L 2NOUer AN EOONEAD! 28k LEGNARend RSLUILAdANE RLafpr e OF the

conductiv W T es ustrates
enbodi ment ofonnediedie 44 excondudtive foilllG. vvhere dry 5 film16 is in a pattern

NSO TR R R SO S B
encapsul at e difBitaoVa{ the E%;ﬂ& exmﬁﬂﬁﬁen@naqtlrﬁ&nwme;re%%E’and Frigliegtea i1l ustrates
anot her sanpl e enbodinent of integrated circuit 10
circuit 10 1nc1udes an FFCI 12 and a die 14 mounted to FC‘T 12. FC1 12 includes a
15 conductive foil 15 that is laminated to only a dry film 16 and is electrically
connected to die 14 using leadwires 19, or some other form of connection.
Conductive foil 15 is patterned to provide circuit paths to and from die 14 and/or
other clectronic devices. A soldermask 21 is adhered to conductive foil 15 on
the side of conductive foil 15 that opposes dry film 16. In some embodiments,
20 soldermask 21 is a protection coating layer made of an acrylic and epoxy
combination
In the embodiment illustrated in Figure 6, die 14 is secured to soldermask
21 using adhesive 17, while in the embodiment illustrated in Figure 7, die 14 is
secured to dry film 16 using adhesive 17. Die 14 may be over-molded with an
25 encapsulate 18 that may exiend inlo a patiern on dry film 16 (Figure 6) or
solderimask 21
(Figure7).
An example embodiment of a method of fabricating an FCI 52 to be used
in an integrated circuit is shown in Figures 8-12. Figure 8 shows FCI 52 afier a
30 conductive foil 55 (e.g., copper foil) has been laminated to only a dry film 56 and

before either conductive foil 55 or dry film 36 has been patterned. Figures 9 and

10 show FCI 52 after dry film 56 has been photo- imaged to create a patlern in

7



.which includes die 14 and FCI 12 arranged in a flip-chip configuration. D e
14 10 includes solder balls 40, or sonme other conventional connection,
that electrically connects die 14 to conductive foil 15. Figures 6 and 7
‘illustrate another exanple enbodi nent of integrated circuit 10. In the
exanpl e enbodinent illustrated in Figures 6 and 7, integrated circuit 10
includes an FCl 12 and a die 14 nounted to FCT 12. FCl 12 includes a 15
conductive f t dis

el ectricall &&(@grﬂfﬁgcihe rde%n Eeﬂr%g&ij&?’mn% d%igﬂ%]rar}g%d?}g ot her form of
connecti on. m@mamwusaoz dfiFlR 4, TR6JAt tlnroﬂmdemlmdpnmm dg filrigui t pat hs to

adner od 1o aELETOEn PP SHA T GITER 88 miand? VBT 15 ¢ hat

opposes dry shbivRCYB2 ahbr @ﬂmﬁmemehsrmm@npmn&ql dermask 21 is a protection
coating Iayer made of an acrylic¢ and conmbi nati on In t he enbodi nent

illustrated in PAfes epmpie @“E%“'P%m %‘t‘:@P@E“ plofakinatiagsni®l 5239 bgisi ng adhesi ve
17, while lms&m TRQEH R R rcidif llsyﬁvwnamguye@1Eh@ur€gm7c,x3§h§ws1&{h ansecured to

dry film 16 using adhesive 17. may be over-no
encapsul at e il dwrfter denfilonioene beantpunched e epatteom Ielsqm«f ¢thimdingentssi gure 6) or

sol deri nask 1f|l:rglgbg§r?s7ggecmlc QM}&E%ggrg‘ﬁ% L, nfal Bm% f

fabricating used Th an | CIrCUI i'S 'shown in

Fi gures 8- 12orPFfIF@wnmn§oﬂhﬂpdyxﬁ&icﬁélemﬂid?igme 1430100/@&5‘@]62 afee dhoi | 55 (e.qg.,
copper foil) been ated to onl Im56 a g before either
conduct i % @SBPW&’FV‘ Q’M‘W%é" ﬁ‘ﬁ‘g %E’éﬁm[)%sr B 9 and 10
show FCI 52 }&Eﬁﬁraﬂ@f%nﬁh&t{%iﬁl msla@@rpagaﬁéd) |rraged to Create a pattern in
7 dry filmb56. In sonme enbodi nments, filmis nmade by Tayi o of Japan

under nodel nosh® WWmWW%B“m*mféachﬁuftﬁtqﬂéﬁte%fﬁ%éEI’FWE‘nt s, dry film
I's DuPont F’M)’u@kl&@ﬂwﬂa QJEQg'{Pes 1@'1195‘#‘1@1&& i”ﬁsh%ﬂﬁe%%téﬁrﬂi‘rc&&?@aﬂé:'agureS 11 and 12

show FCT 52 after conductive fo has been patterned.
conductive foil 75 (e.g., coppc1 toﬂ) has been laminated to only a dry film 76 to

15 form a frame carrier interposer 72 and conductive foil 75 has been patterned. A
die 74 is adhered to a second side 82 of conductive {oil 75 and encapsulated with
an cncapsulatc 78. In this example embodiment, frame carrier interposer 72 acts
as a carrier during fabrication of integrated circuit 70.
Figure 18 shows integrated circuit 70 after dry film 76 is removed from a
20 first side 81 of conductive foil 75 and an array of solder balls 83 is added.
Figurc 19 shows integrated circuit 70 after a soldermask 84 is adhered to the first
side 81 of conductive foil 75 to provide protection for conductive foil 75.
The example integrated circuits and methods described herein utilize a
relatively thin and low cost FCI. The FCI is fabricated according to superior
25  design rules that allow circuit designers to increase circuit density. In some
embodiments, the FCI will include less polymers such that the FCI has less
moisturc absorption and outgassing problems as compared to other types
electronics packages tl_lat‘include interposers with polymers.

"The ¥Cl may be produced in batch tape or reel form with a superior design
30 rule. In addition, the FCI is relatively thin so that it can be used to produce low

profile integrated circuits that generate low inductance during operation.



.5 Anot her exanpl e enbodi nent of a nmethod of fabricating an FCI 52 to be
used in an integrated circuit is shown in Figures 13-16. Figure 13 shows
dry film56 after dry film56 has been punched into a pattern. In sone
‘enbodi nents, dry film56 acts as a nmechanical carrier for transportation
and is made from PVC or PTFE anong other polyneric materials, Figure 14
shows FCI 52 after dry 10 film56 has only been | am nated to conductive
foil 55. Figureqdhdudiecific GHOOEImESH ha9e behntiRistraRd duddstshell BbdeinD5 has been
patterned. An exanple enbodi ment of a nethod of fabricating an integrated
circuit 70 it willdteamareriptedby thosssofpopdinayy skifl gnythe arl thas proiesrapganeegt at ed circuit
70 after a JCHL Ve d Qi L LLb o | ami nated to
only a dry fvlﬁﬁ%]qggalklgﬁi@gf%}rz%éﬁ?%énn?%géggﬁéﬁg‘% %‘%”8*5‘%%22‘?% and conductive
foil 75 has shenific g@eliddenenekhoyn. @hie applicat®ndsingmed] beoeraarond si de 82 of
conductive fqil 75 and encapsyl ated with. apn.encapsulagte 78. In this
exanpl e eﬁb@g?%}ﬂnf OF Y OI}?a??ﬁ\eé’FeSF’Hf’é‘FﬁtbospeB’%‘?%ﬁ&"gﬂ&&%‘i téaté}?frri er during
fabri cati on abbvd deb@iptiah @dntehdedwd be MOstrabiveg uh@nckPeshitping. | ntegrated circuit 70

after dry film76 is re ed froma 20 first side 81 qf conductive foil 75
and an arraﬁ%b‘%lc’ﬂ%‘?ftg% oye b‘?@%é‘&‘%‘hﬁg‘ﬁi’@&i‘f?"?% ®i ntegrat ed
circuit 70 abhfREntdo HRLASTKMAS heStk upsn AVRSMEANE BB Besbiifiln, TREde 81 of
conductive foil 75 to provide protéection for conductive foil 75. The

exanpl e i nt sgeREtothednyention knclydes ang pherpplieations inadidhdhetbovat il i ze a
relativehy tgng&m%pgnd ﬂ%c%ﬁ?r?}m?&hﬁlﬁ a5l Crnd {eo%gaé}ftheci%&%oﬁ%%fdd' ng to
superior ~257°designh rul’'es that allow CITcul esigners To I ncrease circuit
density. | n eadrensmnbddithesiérencetdithe bfgenddd dlaimsalangdevithabsfuficteprer s such t hat

the FCI has |.ess i sture absarption d, out gassi ng probl ens as conpared
to ot her tyﬁégqm@lg@? @d%‘%‘ss“qé%ﬁ'gﬁéée el"ﬁg'fd'i ncl ude interposers with
polynmers. The F'C may be produced in batch tape or reel formwth a
superior design 30 rule. In addition, the FCl is relatively thin so that
it can be used to produce low profile' integrated circuits that generate

| ow i nduct ance during operation. 8 Although specific enbodi mrents have been
illustrated and descri bed herein,



it will be appreciated by those of ordinary skill in the art that any
arrangenent which is calculated to achieve the sane purpose nay be
substituted for the specific enbodi nents shown. This application is
intended to cover any 5 adaptations or variations of the present invention.
It is to be understood that the above description is intended to be
illustrative, and not restrictive. Conbinations of the above enbodi nents,

and ot her nwgb @ewsll be apparent to those of skill in the art upon
revi ew ng the above description. The scope of the invention includes any

ot her applications in which the above 10 structures and fabrication nethods
are used. Thg sc 1%1t0f tt helcmvcglr]]]tlgn should be determned with reference
to the appended ﬁ%aegfn W PR tHe ful | scope of equivalents to which
such cl ai ms are eﬁbjnbbﬁﬁcr 19th¢aérth1£lmluﬂbiﬁaﬁbnﬁmﬂiv&tbilAElminlateégiaily?d circuit
conprisin a frame carrier interposer that includes a conductive foil

| ani nat ed >t o®dR{ Him;gn dry film and at |east one el ectronic device nounted

to the frame car pigfs bﬂ&c%ﬁ@aemoﬁt&% ﬂie"ﬁ%lﬂe)éaﬁ@f‘ﬁh?c%cﬁ& dn@ the
conductive foil. 2. The integrated circuit of claiml1l, wherein the frane

carrier inteelsgserliiggnesicd totheigpedandeedoiless t han 150 micron. 3. The
integrated circuit of claiml, wherein the dry filmis a photosensitive
film 15 4. The integrated circuit of claim1, wherein the conductive foil
is a copper 2foi The mteghite dinbitgf ddimd , whereini the Himetaaimniicrpodeehasian t he at

| east one el ghctronl Cc ewl§§ .dncludes a die, 20 6. An integrated circuit
conpri si né) ‘fl?‘zi%esé ¥ m‘f{f”érposer that includes a copper foil

|l am nated to only a

3. The integrated circuit of claim 1, wherein the dry film is a photosensitive
film.

15 4. The integrated circuit of claim 1, wherein the conductive foil is a copper

foil.

5. The integrated circuit of claim 1, wherein the at least one electronic device
includes a die.
20
6.  Anintegrated circuit comprising:
a frame carrier interposer that includes a copper foil Jaminated to only a
dry photoscnsitive film; and
a die mounted {o the frame carrier interposer and electrically connected to

25  the copper foil.

7.  The integrated circuit of claim 1, wherein the frame carricr intcrposer has a

thickness less than 150 micron.

30 8. A method of fabricating an integrated circuit, comprising:
laminating a conductive foil to only a dry film to form a frame carrier
interposer; and

pattcrning the conductive foil.

10



dry photosensitive film and a die nounted to the frame carrier interposer
and electrically connected to 25 the copper foil. 7. The integrated
circuit of claim1l, wherein the frame carrier interposer has a thickness

| ess than 150 micron. 30 8 A nethod of fabricating an integrated circuit,
conprising: lamnating a conductive foil to only a dry filmto forma frame
carrier interposer; and patterning the conductive foil. 10 9. The net hod

of claim8, ghergidinbfsd AaidiNS, iGein UHR I R Jogu&mwf&lhg gy Film _
includes amnating a copper foil to the dry film 10. The method of claim
8, wherein plm schideglamirativpnenpoer foidofthé dryitdol udes 5 patterning the
conductive foil after lam nating the conductive foil to the dry film 11.
The nethod of claim8, further conprising patterning the dry film 12. The
met hod of cl #.m THe mwhed & chaignat tridérbin pattdriiay theyoddukive it instldss phot o- 10
imaging the dry film 13 The oethod.of, claim 11, rei.n pajterning the
dry film igncl’%é@g"%ﬁh‘ﬁE‘Pﬁdﬂawcjo‘ggﬁef "ﬂtﬁ’?ﬁbhet“ﬁg‘}‘lﬂ‘ffmgﬁlt%hef%' é‘&?' A met hod of
fabricating an integrated circuit, conprising: lamnating a copper foil to
only a dry filmto forma frane carrier interposer; and patterning the
copper foil &FteFhqmethethefichymSyBurtbespmprisipg patiepungthe dpnfilmy | m 20 15. The
met hod of claim 14, further conprising patterning the dry film 16. A

met hod of fabricating an integrated circuit, conprising: lamnating a
conductive ft3.l The moethed ef cthim 1] Wimr¢in péttsrmmgth darfdmdgaeludee photont er poser; 25

]E)Ialt Ener ni ng tﬂﬁagﬁ%'lﬂy&tyiﬁ‘{,%_ foil; and photo-imaging a pattern into the dry

13.  The method of claim 11, wherein patterning the dry film includes punching

a pattem into the dry film.

15 14. A method of fabricating an integrated circuit, comprising:
laminating a copper foil to only a dry film to form a frame carrier
interposer; and

pattcrning the copper foil after laminating the copper foil to the dry film.
20 15. The method of claim 14, further comprising patterning the dry film.

16. A method of fabricating an integrated circuit, comprising:
laminating a conductive foil to only a dry film to form a frame carrier
interposer;
25 patterning the conductive foil; and

photo-imaging a pattem into the dry film.
- 17.  The method of claim 16, wherein photo-imaging the pattern into the dry

film includes photo-imaging the pattern into the dry film aller laminating the

30 conductive foil to the dry film.

11



.17. The nethod of claim 16, wherein photo-inmaging the pattern into the dry
filmincludes photo-imging the pattern into the dry filmafter |am nating
the 30 conductive foil to the dry film 11 18. A nethod of fabricating an
integrated circuit, conprising: lamnating a conductive foil to only a dry
filmto forma frame carrier interposer; patterning the conductive foil;
and 5 punching a pattern into the dry film 19. The nethod of claim 18,

wher ei N punciy. NgA e eddto? Fabricsting aﬁhﬁegtdityd ditdull) cofpeikiigles punching a pattern
into the dry filmbefore |am nating the conductive foil to the dry film
10 20. An i nt egriambwties 2 eenductivedit fosinhip dry fitm smisrm arframsrcairist er poser t hat

i ncl udes a cq\%qlg&gli.ve foil lamnated to only a dry film a first die
mounted to the tonductive foil on the frame carrier interposer; 15 and at
| east one | eadwi pattexmimecthe candhdtive d@hmmct i ng t he conductive foil to the first
die. 21. The integrated circuit _of aim 20 further conprising an

encapsul ate 20 FB%\?@WMM{%“’H ‘ngirygjfh@' and the at |east one |eadwire. 22,
The integrated circuit of claim?2l, wherein the conductive foil is in a
pattern and the encapsul ate at |east partially extends into at |east a

portion of the Prnehed ofpipimds, wheacip pensdingrgatien ittefhe dof i) ai m 20, furt her
The i nt ear at ma o ro P fen R B Lokt B RROHE | L attern,
and foil to the dry film.
10
20. An integrated circuit comprising:
a frame carrier interposer that includes a conductive foil laminated to only
a dry film;
a first die mounted to the conductive foil on the frame carrier interposer;
15 and
at least one leadwire electrically connecting the conductive {ovil to the first
die.

21. The integrated circuit of claim 20 further comprising an encapsulate

20 covering the first die and the at least one leadwire.

22, The integrated circuit of claim 21, wherein the conductive foil isin a
pattern and the encapsulate at least partially extends into at least a portion of the

pattern.

[N ]
th

23, ‘The intcgrated circuit of claim 20, further comprising an adhesive Lhat

secures the first die the conductive foil.

24, The integrated circuit of claim 20, whercin the dry film is in a pattern, and
30 further comprising an array of solder balls exiending into the pattern in the dry
film such that the solder balls are electricully commected to at least one of the

conductive foil, the first die and (he at least one leadwire.

12



.30 further conprising an array of solder balls extending into the pattern
inthe dry filmsuch that the solder balls are electrically connected to
at |l east one of the conductive foil, the first die and the at |east one

| eadwi re. 12 25, The integrated circuit of claim?20 further conprising a
second die electrically connected to the first die. 26. The integrated
circuit of claim?25 wherein the second die is stacked onto 5 the first
die. 27. Theid ntmghiat@ates tikditidf cRim 20 AirfrXdmpishgh Becbi®disecond die is
electrically connected to the first die by a leadwire. 10 28. The

i nt egrat ed calecigally gennested i thofisghdit-ei n t he second die is mounted to the
conductive. foil in the frame carrier interposer. 29. The integrated
circuit of claim?20 wherein the dry filmis in a pattern and the at | east
one W re borb. exkhenutsgreted oyt of hlainh 2 5wbergiarthe sseonidiieis pogked ontb5 30. The

i ntegrat eg ct'hr ﬁus'itieof claim?29 further conprising a first encapsul ate
covering the Fitt fl die and a second encapsul ate covering the at |east one
| eadwire. 31. An integrated circuit conprising: 20 a frane carrier

i nterposer that jincgludes, a conducti oil lamnated to onl adry film
and a di e notht SRCERHCETAED Fircet el ¥§WL?rﬁ‘PélFep§8§ ,d‘et‘ﬁégﬁ‘Féalﬁ'ncl udi ng sol der
balls that @lng&kgditgﬁelmstw@s@&a&h@, die to the conductive foil. 25 32. The
integrated circuit of claim31l further conprising an encapsul ate covering
the die. 33. The integrated circuit of claim31l, wherein the dry filmis in
a patterioants, filibigiich iR oF Lidfin B SRESAIAIELMA O ispbAgA Pl | S _ext endi ng
into portions of the 30 pattern in the dry filmsuch that at |east one of
t he sol der baintisctive el in dler framesd dayrier oterpeset ed to t he conductive foil. 13

29. The integrated circuit of claim 20 wherein the dry filin is in a pattern and

the at least one wire bond extends through the frame carrier interposer.

15
30. The integrated circuit of claim 29 further comprising a first encapsulate
covering the first die and a second encapsulate covering the at least one leadwire.
31.  Anntegrated circuil comprising:

20 a frame carrier intcrposer that includes a conductive foil laminated to only

a dry film; and
a die mounted to the frame carrier interposer, the die including solder balls

that clectrically connect the die to the conductive foil.

25 32. Theintegrated circuit of claim 31 further comprising an encapsulate

covering the die,

33. The integrated circuit of claim 31, wherein the dry film is in a pattern and
furthicr comprising a second array of solder balls extending into portions of the
30 pattern in the dry film such that at least one of the solder balls is electrically

~ connected to the conductive [oil.

13



.34. A method of fabricating an integrated circuit, conprising: lamnating a
conductive foil to only a dry filmto forma franme carrier interposer;
‘patterning the conductive foil; 5 adhering an el ectronic device to the
conductive foil in the frame carrier interposer; encapsulating the

el ectronic device on the frame carrier interposer; and renoving the dry
film 10 35. The nethod of claim 34, further conprising adhering a

sol der mask t34. t emethod d{fabiicabng @i integ@&d cifhet, nenpristhgdf cl ai m 34, wherein

| am nating a conductive foi nly .a dr m i ngl udes .| am nating the
dry filmto a fq‘?’g'f’até’fgci’ecoa‘flucf‘h%ﬁ)@d?lé‘ﬂ}éF%f?}émf"otf’Ifomhﬁﬁmﬁ%caéﬂﬁer| ng a

sol der mask tigrepdgerconductive foil includes adhering the soldermask to the
first side of the conductive foil, 37. An integrated circuit conprising: a
frame carrier i medsTpRsde comdiictivefeiludes a conductive foil laminated to only

20 a dry §ilm a@éhamg%qezmme@fébmdcmuam 1&Pm4H&&+,T{@cJ£&r , and a die

nmounted to the frame carrier interposer electrically connected to the
conducti ve fiofetpos83. The integrated ci rcwt of claim 37 wherein the

sol dcrinask is ip Slﬁgn ?Iléc CI?C%%]I'II@BQV %70% L\Hi\%ﬁ'al{‘lgcaq%f# mtgt%oge?ﬁt Qe sol demmask.

39. The mtegrate%fpmrc mis in a
pattern and t heerdbwng the dmufiined to the dry film 14

10 35. The method of claim 34, further comprising adhering a soldermask to the

conductive foil.

36. The method of claim 34, wherein laminating a conductive foil to only a dry
film includes laminating the dry film to a first side of the conductive foil, and
15 adhering a soldermask to the conductive foil includes adhering the soldermask to

the first side of the conductive foil.

37. An integrated circuit comprising:
a frame carrier interposer that includes a conductive foil laminated to only
20 adry film and a soldermask adhered to the conductive foil; and
a die mountcd to the framc carrier interposer and electrically connected to

the conductive foil.

38. The integrated circuit of claim 37 wheremn the soldcrmask is in 4 pattern

25 and the die is mounted to the soldermask.

39. The integrated circvit of claim 37, wherein the dry filn is in a pattern and

the die is mounted to the dry {ilm.

14



