J, q 1 8 OCT 2005 Integrated Circuit and Method of Fabricating an Integrated
rCircuit That Includes a Frame Carrier Interposer 5 Technical Field The
present invention relates generally to an integrated circuit. Mnes OCT 108
particularly, it pertains to an integrated circuit and nethod that include a
frame carrier interposer. 10 Background Integrated circuit technol ogy
relates to integrating nunerous different types of electronic devices to
formul ate 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 smaller packages. One challenge is to 15 devel op
i mproved nethods for electrically connecting and packaging circuit devices
whi ch occupy | ebsegrated{gucuifand Mathad ehFahrigating 2n Jntsgrated €ireSbne conputi ng

systens are fabricated wW i t di fferent functions.
The chi ps are packaged r%%%gﬂgpx?b '%?ﬁﬁgﬁ%%ﬁpté @sgysten1 One common type

of integrated circuit uses a patterned conductive 20 | eadfranme as an

i nterposer. The | eadf ranme i nterposer Ir%psfers currents anong related
devi ces. The thickness of a conveiﬁ&%ﬁ%LJﬂgadfrane is typically between |

00 urn and 200 umryd, sc'h@ih@éﬂu*égk@!atb@geﬁéaﬁ)hio%@nﬁ@@a@a chdvhr. | magdf rame typically

generates a larger than desired inductance within the current paths of the
| eadf rant wheprticwlpihs pitpertaigy whnantegyaied piggat agd methegddbat ingludg gramie | eadf r ane.
The 25 thiCkﬂﬁﬁﬁiﬁk seauses fine pitch process |imtations when the
| eadfrane is apricated. The design rule in conventional |eadframes
typi cal | yltexceeds 200/ 200. | n addBe¢kgmunidnt egrated circuits that include

conventional |eadfrarnes .are nerally larger (i.e., thicker) and sl ower
because the el ect t?ﬁé‘fte‘gﬂfcﬂ’é tegﬁléo?ogy relztes o1l le-gragmg numerous different

types of electronic devices to formulate vast arrays of integrated circuits. The
complexity of these circuits 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 methods for clectrically 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 typc 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
leadframc when currents, such as VO signals, travel through the leadrame. The

25  thickness also causcs fine pitch process limitations when the lcadframe Is
fabricated. The design rule in conventional leadframes typically exceeds
200/200. In addihon, 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.

o - 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 liave a

i



typipally | onger in a |leadframe interposer than other types of interposers.
30 Another type of integrated circuit uses a rigid substrate as part of an
i nterposer. Interposers that include rigid substrates are rel ati vyl §CTtHick
such that the integrated circuits which are produced with rigid substrate
I nterposers have a | 180CT2005 | arger than desired profile. An integrated
circuit that includes an interposer with a rigid substrate is al so

general!ly nore expensive to ]Droduce because jt nust be fabricated in batch
form and r equpteesthaedesired prpilen Agriniegpted equtdhat ingldes a0 iRtemeEs™itn, t he cost

of AL er | a1 S ASSRClALAY AT Lchabh] £akl B0l SUPSLLALE 5 B B o Posers <

relatively high? e rigl strate is typic roma pQyrner resin
with fiber, fBouwdatcdsn Bitenfokmiand cguitasirelatively Higlefabadatien ¢cB%) filn epoxy resi ns,

which lend to ,.absorb isture.and n ti.V I.npact T performance of the
package. Theraéldmgp’e&ﬁltqggof’?%?r&%? ﬁ““bﬁ%ﬁ‘&?’sﬁéabﬂgﬂﬁgﬁﬂ%sw h pol ymers such as
BT. In addptiigrrpodéls pektivdykible resins that formrigid substrate interposers

degrade at relatively |low tenperatures. Tlie | ow degradatjon tenperatures
reduce the range dfeTigeisybitzeds b@calapadsfrom s pefyaeteasie MBJIbEN package, which

includes a riﬂkﬁaéﬁﬁgﬁlegﬁﬁeTﬁ&hﬁfﬂ&éﬁferBﬁﬁb@éjrﬁﬂ%ﬁi@hmd%ri ng fabrication

and operation. R gid substrate interposers afe typically manufactured
accordi ng t o zks@bheisiere shdynegativedy impact MST prrformenpe obtheipatkege. aftedt circuit uses
a flexible substraf}e. ?1? grt .Of an, L;pwgtgr oser . 'Lhefbl gﬁi ?‘#‘If substrate wl|
hereafter be Tefe} PREDCUESTREROPIENE With RURTFLS SERF B 2 21t % posers i s that
they are nel ahbsyef the kdring tigd fdrineigldisubsiite inRigdsert Begridaat relitieelphaer generat e

| ess i nductance during_aperation.. In addition, the flex interposers can
typical |y be 'FRPEETEE LT BUIOW deRTadatisateareraiuey Ruce thegangs®fh as 30/30 20 or

even | over. GREp&uawk aaKaintdgradddichinpRkNRSEGk:sh inshuidal risidsibsaire rel atively
expensive to product. Another drawback is that flex is typically formed of

a pol ymer t apaterpgperf ininba dxapsed indising dabsisationignd opesativn. Rigid pabsette noi st ure
thereby eff eqhgeﬂﬂsé??ﬁjé %qy?cally manufactured according to a 65/65 design rule.

15 Anather type of integrated circuit uses a flexible substrate as part of an
intcrposer. The [lexible substrate will hereafter be referred to as flex. One
advantage of flex interposcrs 1s that they are relatively thin so the current paths in
the interposer generate less inductance during operation. In addition, the fiex
interposers can typically be manufactured with a better design rule, such as 30/30

20 oreven Jower.

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 terids to absorb a large amount of moisture thereby effecting package
reliability. It is also typically difficult to adequately adhere anything, including

25 copper foil, electronic devices andsor solder masks among others, 10 the flex
during fabrication of an integrated circuit that includcs a flex interposer. The
inability to adequately adhere anything to the flex results in integrated circuits
that have poor reliability. Another drawback with flex interposers 1s that they arc
difficult to hé]:]dlle during fabrication of integrated 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



reliability. It is also typically difficult to adequately adhere anyt hing,

si ncl'udi ng 25 copper foil, electronic devices and/or sol der nasks ?ﬁnqtq 7005
others, to the flex during fabrication of an integrated circuit a ’
includes a flex interposer. The inability to adequately adhere anything to
the flex results in integrated circuits that have poor reliability, Another
drawback with flex interposers is that they are difficult to handle during
fabrication of integrated circuits due to their lack of 30 thickness and
rigidity and asgcdpfighes suptrivh dekigy mRd. Rhduhkagebe dsitable if Hiuserpwdent i s needed
arean inproved integrated circuit and nethod which utilizes a relatively
thin and | owiesdedediliffiecar 5o palymetsde radycef mejptirepbeaiption and outeaeingg t o superi or

design rules. It would also be desigghlg.if the interposer included little
or no polyners to reduce noisture agm‘%xli on and out gassing. Summary The
above nentioned [Thebbwemeniidred pribégrsatiddneentdicirsuiaraee aidebsedded by 5 an
integrated circuit and nethod that inc]yde_.a frame carrier _jnterposer. The
frame carr eF“i‘WF%’?‘S@%‘éﬁ““(aﬁgFﬁgngg}m Eé“;ic Afigme SR BTEROS T ﬂ"i‘?)atch tape or
reel  form WitdheRafiép SidrdsetBbretiter FUNGnay HRGrdduted ifi bh@h alpk ¥eley] thin so that
it can be used to produce |low profile integrated circuits. The current

pat hs in t he femg wigh 8 supegjandasign sule.oWnd Fefue relabively thir snipebipeandieivssd because t he
FCl is relatively thin, 10 In sone.enbodinents, the. FCl_w || include no

pol yners such® PW\QIP“E@T' pﬁ‘éﬁe '"Feﬁagedrfﬁﬁcg?su&écéﬁw B’Z“Fﬁ)‘r‘? tﬁ%ﬁ&foﬁc’gassi ng probl ens
than other typReSxBIRCHARRIRS du 2A88n bebBRe Hfe FdI1Ss R1Z9eGasA! Y configured
with a die pad area such that I/0O devices can be routed to an integrated

circuit tHat i nclbuthee enthodingnts, tha Fehwill inglyde en polymernrsisdithas KCT hasn i nt egr at ed
CLaCls el R St thy Bl AR RSO B cullshs Ut (o,
filmand el ephtlaged IThe EChpatso@dsilycotfipiradt wittemdie padavea sickdtat B@i ¢ device. In
anot her enbo%iemggstc’an A rcjupctdei\g b 1t n?e%ra(fnsidrc?rléti:iE ﬂliatr\i%tlzlggceﬁhcafbl!zg and a die
In an illustrative cmbodiment, an imtegrated circuit includes an FCI and at
15 least one electronic device mounted to the FCI. The FCI includes a conductive
foil that is laminated to only a dry film and electrically connected {o the at least
one electronic device.
In another embodiment, an intcgrated circuit includes an FCI and a die
mounted to the FCI. The FCI includes a copper foil that is laminated to only a
20 dry photosensitive film and electrically connected to the die.
In unother example embodiment, 2 method of fabricating an integrated
circuit includes laminating a conductive foil 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, d method fabricating an integrated circuit
includes laminating a copper foil to only a dry film to form an FCI, and
patteming the copper foil afier the copper foil bas been laminated to the dry filim.
The method may also include patterning the dry film. _
In yet another embodiment, a method of fabricating an integrated circuit

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

patleming the conductive foil; and photo-imaging a pattemn into the dry film.



nmounted to the FCI. The FCl includes a copper foil that is lamnated to only
a 20 dry photosensitive filmand electrically connected to the die. In

‘anot her exanpl e enbodi ment, a method of fabricating an integratedjggrept

i ncludes | am nating a conductive foil to only a dry filmto forman FCL ‘and
patterning the conductive foil. The nethod may al so i nclude punching a
pattern into the dry film 25 in still another enbodi nent, a nethod
fabricating an integrated circuit includes |lam nating a copper foil to only
a dry EEmto _forman FCl, and  patterning the copper foil after the copper

foi | has beerfheaRhedieay 3lse indledephotorimaging 2 priem i e SRl matsh i ncl ude
patterning thgnfhingd thé Rndltivéesi RN g HrRNDOdi ment, a nethod of fabricating
. I i G5

an integrated circuit 30 includes |amnating a conductive foil to only a
dry filmto formimgnotier exampe embadimeptiateetonid fericotéingfapiintegratad phot o- i magi ng

a pattern intg t. arv £ilm. 3.1 B 2005 T thod may al so
i ncl ude phot 81’F§%g§?‘n &gdepszﬁrf"él%tﬁlg%g&{%ﬁ‘ée t&?‘)}o ?’fqﬂ\d%@&w%@%&nati ng the
conduct i ves f EQT; fattednbiey tHE Yontidtive il apd@inbieihy @ yatopd eeibadiffimnt, a nmet hod of
fabricating an integrated circuit that includes |amnating a conductive

foil to only Heaeogimay Al ipdudnpanching sxagernatodls 4oy fgn brarConduct i ve foil ;

and punchi ng |gnRakdahe b Qive &1 Arife ,jr'[g),lﬁm,_ The method may al so include
punching a patterninto the dry filmbefore |amnating the conductive foil

to the dry film Itanctheoerrenplesnbndiment @b duegrand cirait iaudsgpmFEdaci rcui t

i ncl udes an ECl,.. f i I t.aqne | e Lre.. Ih | includes a
conductive fol tdfeghrﬁdr?%[%%ogi%m?‘ggeoﬁﬁ?@ F%}Jﬁa?ﬁﬂ%ﬂ%c ?“r'%?“%éﬁg i's nmounted
to the cob@ucs brie afdey filnoThelfestfddd is apdnikd® thé cdndasive dibord tha®Gl s el ectrical ly
connects the condquctive- e first die. i tﬂjer e>éarrpl e

foil to.t i.n 0
enbodi nent, A ‘E"é‘g@ﬁﬁ%’&wﬁ%wa}ﬁyﬁei’rﬁﬂﬁg’e n‘?‘—"(‘ﬂ”%ﬁg to thedird Bfount ed to the
F CL The FC i nclpugfthed cfidighibodtndndiah idtehtoatinditiRLeses ¥n BCI and

a die mounted to the FCL. The FCI includes a conductive foil laminated fo only a
dry film. The die includes solder balls that electncally connect the die to the
15 conductive foil.
In another example embodiment, a methed 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 to the conductive foil in the frame carrier interposer and
20 encapsulating the electronic device on the frame camrier 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 laminated 1o only a
dry film and a svldermask adhered to the conductive foil. A dic is mounted to
25 the frame canter interposer and elecirically connected to the conductive foil.
These and other cimbodiments, aspects, advantages, and features ol the
present invention arc set forth in part in the detailed description which follows.
The aspects, advantages, and features of thg inveniion uare realized and attained
by mcans of the instrumentalities, procedures, and combinations particularly

30 pointed out in the appended claims.



dry film The die includes solder balls that electrically connect the die to
the 15 conductive foil. In another exanple enbodiment, a nethod off § 0CT 7
fabricating an integrated circuit that includes |amnating a conductive
foil toonly adry filmto forman FCl and patterning the conductive foil.
The nethod further includes adhering an electronic device to the conductive
foil in the frame carrier interposer and 20 encapsul ating the el ectronic
device on the frame carver interposer before renoving the dry film In

] AL | theiLrawings | ncl udes an FCI and a die

anot her exanpl e enbodi nent, &neiy pLEOn
mounted to the FCL. | S ' [ ppated to only a
dry filmand a so %eégggggggh‘gﬁégg%oc?hoe%gg%%ﬂ@?ﬁ/egfa{&ie*ﬂg,&gdi e is nounted
to 25 t he framaboedigiestrofianireegomsderircand el ectrically connected to the
conductive foil. _These and other enbodi nents,. eGl.s ant ages, and
features of the pPIESEEE & FHRFERYS Efﬂssésrc‘émé‘é't“‘f%FWaﬁFW%ﬁ%P? (fllcfl SHHEEdet ai | ed
descri pti ors WajgtherfeRhhgl¥embodiaentas Rehtegrata@dyait.ages, and features of the
invention are realized and attained by nmeans of the instrunmentalities,
procedures, and cbigsicds p sehismetie epesaceiangl vigpsipolantoddewed Hiustreting appended
clains. 4 18 _ | I 4, awings Figure 1 is a
schemati c crogés?%g%%%%ﬁawe\%&g?v&ﬁ%{u%gﬁ?ﬁgﬁaﬂﬁg%ml e enbodi nent of an

i nt egrat ed cir cui Figufeidgs n eclidmiac @osscagivatblivieve siosler edigurohdlusvateny simlar to
Figure 1 illustratin 5 another exappl.e _enpqdi nent of an integrated
circuit. Fi gut“éIF @ciﬂk':gﬁxaé’tpi%?‘f’étﬁ 3’1@8@-@@5@&%5 ‘“Ci ew sinilar to Figure 1
illustratimg YyetFgiRtsiek seemahd GosndaibnbBidw dimilantol ARl Alue@atiigr CUi t .
Figure 4 is a schematic-.cross-sectional viewsimlar to Figure 1

i | Tustrating 2Ratheriexampie RePodRepof & BB IR of an integrated circuit. 10

IF: ?3; ter Zt : r5] a schepghlelehs G sORBREEEbIsARa onYl G Sinffd BFifRe FRENERing
J another example embodiment of an integrated circuit.

Al

Figure 7 is a schematic cross-sectional view similar to Figure 1 illustrating
15 another example embodiment of an integrated circuit. .
Figures 8-12 illustrate one embodiment of a method of fubricating a FCL.
Figures 13-16 illustrate another embodiment of a method of fabricating a
FCL
Figures 17-19 illustrate one embodiment of a method of fabricating an
20  integrated circuit.
Detailed Deseription
In the following detailed description of the invention, reference is made to
the accompanying drawings which show specific embodiments in which the
invenlion may be practced. In the drawings, like numerals describe substantially
25  similar components (hroughout the several views. These embodiments are
described in suefficient detail to cnable those skilled in the art to practice the
invention. Other embodiments may be utilized and siructural, logical, and
elecirical 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 lisa schema?ic cross-sectional view illustrating an example

embodiment of an inlegrated circuit 10, Integrated r:ircuit 10 includes an FC112



anot her exanpl e enbodi ment of an integrated circuit. Figure 6 is a schematic

‘cross-sectional viewsimlar to Figure 1 illustrating another exanpl 8CT 78"
enbodi ment of an integrated circuit. Figure 7 is a schematic cross-sectional
viewsimlar to Figure 1 illustrating 15 another exanple enbodi nent of an
integrated circuit. Figures 8-12 illustrate one enbodi rent of a nethod of
fabricating a FCl. Figures 13-16 illustrate another enbodi nent of a nethod
of fabricating a FCl. Figures 17-19 illustrate one enbodi nent of a nethod of

fabricating amnd 20egsheregplestrenic deviequpuch apdiediti roeprrdge FChI2-0FCI R t he fol | owi ng
det ai | ed descr.

acconpanyi ng heideo cBigubiife 00| QML SRAES dep SIF G ablls | "D

raw ngs OW specl enbo sin Ich the
i nventi on may chketrpeihctdnastkd tb dietlHe Candusti ngfej] 15 iisgeattanesd roprevidescr i be

substantially 25 simlar nent s .1 hr oughout .the several views. These

enbodi nents afE™ ip B%‘ggg‘]ﬁ _ "I“é’lg"é?l‘gc"ci’é‘t‘"‘gf"i"f‘ B%"“B‘ﬁa ¥Mhose skilled in
the art to 9raghbsitrechREFCT MHANE iHdknesdiethaft ThORIERL S May be utilized and
structural, logical, and electrical changes nay be nade w thout departing

fromthe scope of Dihet issenyendiio FChieweingom sdipsveddopée b mehke gsewseent i nvent i on
I's defined only c&‘éu&'lg é‘&ii Eﬂl 5&1&9'&% it fﬁ".‘%ﬁ}ﬂé'&nbﬁ&i%ﬁt iBhsoatbd iy ﬁhﬁg{lt s 1o which

the clains are entit gure 1's a schematic cross-sectio Vi ew
il lustrating dpdiexdmpinshe eeridociivedmi 1 bfideel ROA2pithownd izpthetsi t 10. | nt egr at ed

CLicunt 10 I nehiehdl 6ol e i e o 5E1 PRI 5L
foil 15 theld ioserhasidedieglad encapulatedl Sicyorling 1 chfvenfigndl sechaig@st ri cal |y
connected to dje ]54. C]Ionduct il:vei f oi | a;‘LS i s pat tce_‘rf n d_lt 0 ‘%O%jyde circuit
paths to and EREHRSHAlE 13 mayfaiead indt e pattambek copgct Verkowl 1o @rdior dry dme 5
enbodi ments, kgl 12 has a thickness |ess than 150 m crons.
In some example emhodiments, die 14 is clectrically connected to
conductive foil 15 using leadwires 19, while in other ernbodiments die 14 may
15 alternatively (or in addition to) be electrically connected to conductive foil 15
where die 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 coﬁductivc 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 film 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 connected to first die 14. Die 24
1s 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.
Figurce 3 illustrates another example embodiment of integrated circuit 10.

In the.example embodiment illustrated in Figure 3, dic 14 is 2 stacked die that
30 includes a second die 34A stacked onto a first die 34B.



Die 14 is secured to FCl 12 using an adhesive 17. Die 14 may be secured to
conductive foil 15 and/or dry film16. In the enbodi nent il ustratiep)tnIos
Figure 1, die 14 is on the conductive foil 15 side of FCI 12, although in
ot her enbodi nents, die 14 maybe on the dry film 16 side of FCI 12. Die 14
maybe 10 over-nolded wth an encapsul ate 18 according to conventi onal

techni ques. Encapsul ate 18 may extend into the pattern of conductive foil 15
and/or dry film16. In sone exanple. enbodiments, die 14 is electrically
connected to corfkalof dies showh inBgures 21gnd emdnptrosy 1iod be ggminkaicd i oot her

mbodi dj . i vel ' ddi ti I icall
Connect ed o TEAURI Y fsio FLRAYIE, ¥ehBhe bhc &Rk hPebhldfe® 57 1T e

sanpl e enbodi foHn® ahd leadtikatied in Figure 1, dry film16 is patterned such
that an array of solder balls 20 extends through portions of dry film16 to
engage at |east gneref ifusEateHBEpls srbofiment qigntegrgted ciromtlvhessdiyi res 19. 20

As used hegei g Cdyc] %iﬁﬁn{(ﬁidlat RERBR RiMiRNOBlexhd CARMRE FCY £ iR eri al

(e.g., copper) wth a thickness |ess than 40 mcron. In addition, as used
herein dry fsl¢ctriosbenmsequion tatbidicokd. cobirst sngapsalater 184l coveradie ldend el der - mask in
filmform In e i j IS hot osensitive film
Figure 2 ill usgfnﬁjggggapg‘ﬁ%g}gﬁrrg%"zméﬁ%éd%dr?{eﬁeji%fdh’?rﬁ?gg'r ated circuit 10 that 25
i ncl udes anot her Hiee 24histisiés ampsheb@mplecettodinadnt §f intepmrdtechit® first die 14.

Die 24 is mounted 1qQ conduct.i oil 15 adjacent to 14,on_t.he, sane side of
PCL 12, In | SUMEN GRS oAt B 12 Boeed 5t PO ARFoBUBHHG. ALk a6 24 onto
die 14. Figurigeldddslsbideduafll 85 oRSudhd RRer RUERihaPrUAALtHER Mhat @feckidbiRgr at ed

circuit 10. In the exanple enbodinent illustrated in Figure 3, die 14 is a

stacked di e taearectsghe jhiolcaadustive ®ddénd di e 34A stacked onto a first die 34B.
omnccas oo Ml RSO0 S SRl B, T 1ol be
nore of the cuowditiz®.i Inghe example embodiment illustrated in Figures 6 and 7, integrated
circnit 10 includes an FCI 12 and a die 14 mounted to FCI 12, FCl1 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 [orm of connection.
Conductive foil 15 is pattemed to provide cireuit paths to and from die 14 and/or
other electronic 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 encapsvlale 18 that may extend into a pattern on dry film 16 (Figure 6) or
soldermask 21
(Figure7).
An example embodiment of a method of fabricating an FCI 52 to be used
in an integrated circuit is shown in Figures §-12. Figure 8 shows FCI 52 after &
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 pattermn in

7



foil 15 and leadwires 19. Figure 4 illustrates a sanple enbodi ment of
integrated circuit 10 where dry 5 film16 is in a pattern and at18eggt}ifine
| eadwi re 19B extends through FC;1 12 into electrical connection with die
14. A first encapsulate 1 SA covers die 14 and a second encapsul ate 188
covers the at |least one leadwire 19B. Figure 5 illustrates another sanple
enbodi nent of integrated circuit 10 which includes die 14 and FCl 12
arranged in a flip-chip configuration. Die 14 10 includes sol der balls 40,
or sone ot her drydrimehtt ilwsrabe euredintiitsodry filinds medent TiveadllJgpancnderect s die 14 to

conductive foil .15 Fj heh|d UStrat e anot her ex | e enbodi nent of
i ntegrated cfnPgéi"tos'IJt}?y{ogﬁlﬁ%g@ﬁn{BF :"eﬁr]bo(ghl %‘é’ﬁ?‘ﬁwﬁ“&s‘ﬁ QF'EH in Figures 6 -
and 7, integr BuRéhi PeraluxB@1020, or SomilleSFRI2FGhd 122a sdiland #2 mounted to FCl
12. FG 12 includes, a 15 conductive foil 15 that is lamnated to only a dry

film16 and i 308 &l 4T FpIuepARIED s Peradelerel usi ng | eadwires 19, or sone
ot her for msof - CONAghAAarpiO3ARHEHkNIE ol B BBk ah Refisd & r OVi de

circuit paths to and fromdie 14 and/or_ other electronic devices. A
sol der mask 21ujed imathistegthtadorizeuih thusbewvia Hipires 1851 boFigurh &3 shioke dof conduct i ve

foil 15 that [Vell 16, 1n S0 nbodi ments. 20,soldermask 21 is a
protection cog{%ﬁ?%gﬁgg ﬁlﬁﬂa%é}ag ‘A “é@‘regﬁ ]f'tgagﬁtgpr%p%ﬁ/’megglﬁ%ﬂﬁ‘g@f’on In the
enbodi ment i | dtySilineitedtsian a meghunéabearttr €or bdnsporistkaiane 66 hadefndPvgask 21

usi ng adhesi ve while in the enbodi, .1l lustrat in_Figure 7, die 14
is secured t%‘%ﬁ;ﬁ ?‘T’f?”r%"i‘%erﬁg “%E‘ﬁtéggggﬁ‘iqf.e I%S]éo“isfcﬁéﬁ affer Ver-nol ded with
an 25 encapsHintbehdsSnlylen MRYin£¥d BREIdubl® 181l B&L Fighids R ath 16 shbwm 16 (Figure
6) or soldernmask 21 (Fi.gure7). An exanple enbodinent of a nethod of

fabricating aRCHE afgpcengupévefaibds hes bsen pafe@gdat ed circuit is shown in
Copper foi 1) has Bagk TARPAGdhin 3Fa BebBho R PROUERING SBU 0 2 Tt Rer
conduct i ve fo7®is5bowen indfigurés 175 Fipae hehows patgraeheituitFiogierss 9 and
conductive foil 75 (¢.g., copper foil} 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 (o a second side 82 of conductive foil 75 and encapsulated with
an encapsulate 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 1s adhered to the first
side 81 of conduclive 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 io 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 that include interposers with polymers.
‘the FCl may be pr;)duc-cd 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 fow

profile integrated circuits that generate low inductance during operation.



10 show FCl 52 after dry film56 has been photo- inmaged to create a pattern
in 7 19 OCT ?005 dry filmb56. In sone enbodinents, dry filmis WBEﬁCP¥W5
Tayi o of Japan under nodel nos. AUS402, PFR-800,'Il'R6315, In othe

enbodi nents, dry filmis DuPont Pyral ux PC 1020, or Sumlite UP 1123 and
1122. Figures I | and 12 show FCT 5 2 after conductive foil 5 5 has been
patterned. 5 Anot her exanpl e enbodi nent of a nmethod of fabricating an FCl 52

to be wused in an integrated circuit is shown in Figures 13-16. Figure 13
shows dry fibn ®dthapghespecifiyembadimeds ks besadlusrated wedidesprbsddersi t ern. | n

sone enbodi S £ . ; i L r

transpor at | an iy Phéciaied By ¥:AR RaiRdy SuTRPREI Bk fALbBlnd O

mat eri al s, Fivguehas tdcditodu delillevdtBe sdrisgrurphsy mbPbé idbstitheed farghe-nl v been

| am nated to conductive foil 55. Fiqgures.15 and .16 show FCl 52 after
conducti ve f&P?legﬁsefﬁ%PgifB?é‘éﬁanB‘gﬁ Eﬁﬁg@hcﬁﬁméiwpé‘g&fﬁbﬁia%nt of a method of
fabricating agajtitioB8 b RidtiSslof telpresdfd inv@nGdIO Wis folbe b @diitesd thirtfld. Figure 17
shows integrated circuit 70 after a conductive foil 75 (e.g., coppcr foil)
has been | ani®hexeci@serption isyntgnded o be Jipstratve. gnd motaestnatiyesf r anc carri er

i nterposer 720G pﬁqﬁ' bod : die 74 is
adhered to a%;econaglgfsi'l e éSAZID%g%&g%onﬁéﬂ??\g/%obﬁggl%&H%egﬁgﬁgégsuI ated with an
encapsul at e %pparém t¢ thiose dekuliph eantipdi rerizwving thaaeve desciiption. rfther poser 72 acts
as a carrier duri f.abri.cati of integrated circuit 70 Figure 18 shows
integrated ciSF?Hfi"? n%ﬁ?’%?'“&&?%ﬁ“?’ﬂ&?’ﬁ?&q%gmé’" "?W‘Bj?‘r‘? Y20 first side 81
of conductg varh@ides AR BHGEaBEn REthads £F u@ UBE scBfd dahSBvbBioadstrgl Figure 19
shows integrated circuit 70 after a soldermask 94 is adhere to the first

side 81 of cosdeermiped vih reference do B arncadedsidmedlangivitighe BYFeeRSt i ve foil 75.
The exanpl e ipLagh AR GiiGUWubS a0 afRdnpiagls described herein utilize a
relatively thin and low cost FCI. The FCI is fabricated according to-
superior 25 design rules thit allow circuit designers to increase circuit
density. In sone enbodi nents, the FCI will include | ess polynmers such that
the FCI has | ess




noi sture absorption and out gassi ng probl ens as conpared to other types

el ectiruni cs packages that include interposers with polynmers. The FCI nmay
produced in batch tape or reel formw th a superior design 30 rul &.8 847 2009
addition, the FCl is relatively thin so that it can be used to produce | ow
profile integrated circuits that generatle | ow inductance during operation.
8 1 8 OCT 7005 Although specific enbodi nents have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the
art that any arwaageeRmbedisthi ch is calculated to achi eve the sane purpose
may be substituted far the, specific .enbodi nents shown. This application is
i ntended to cover W?ﬁ@&ﬁl‘gﬁmnﬂf@vari ations of the present invention.

It is to be under sty@nheldafter infposdRRASnURBES Eidhative fs] InhitBRdeslodlp be

illustrative, and not restrictive. Conbinations of the above epbodi nents,

and ot her enbodk 47 it suqhithas ghe feampscamicr ieapaserds rrged auly pf the ponduehive, ¢ ypon

review ng the agfvfafe ﬁ'lﬁﬁ' . The scope of the invention includes any
ot her applications (lln \?ﬁirc the above 10 structures and fabrication nethods

are used The scope sbicastione tlnaronicidevicsmowntefl tothe fiRmecarrien serpgsetandef er ence to
t he appended cl gj I ‘lg' ﬁ cope of equivalents to which such
clains are enti{:}%c%augc'%[ﬁg %%g%g%folﬁs claimed is: 1. An integrated
circuit conprising. a franme carrier interposer that includes a conductive
foil lamnated o ly a dry. fil uch that the frane carrier.interposer is
formed only of i-m%ﬁ%&?ﬁé@%ﬁ%h@ﬂh%%%@%&%ﬁ one

el ectroni c devi kRt sethat 050 BRrdnl aMe carrier interposer and electrically
connected to the conductive foil. 2. The integrated circuit of claiml,

wherein the frane carrier interposer has a
3. The integrated circuit of claim 1, wherein the dry film is a photosensitive
ﬁ] . .' . ’ . - EE .

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. '

6.  An integrated circuit comprising:

a frame carrier interposer that includes a copper foil laminated to only 2
dry photosensitive film; and

a die mounted to the frame carrier interposer and slectrically connected to
the copper foil.

7.  The integrated circuit of claim 1, wherein the frame carrier interposer has a
thickness less than 150 micron.

3. A method of fabricating a frame carrier interposer for an integrated circuit,
comprising:

laminating a conductive foil to only a dry film to form a frame cartier
interposer that includes only the conductive foil and the dry film; and

patterning the conductive foil.

10



t hi ckness | ess than 150 mcron. 3_ The integrated circuit of claiml,
wherein the dry filmis a photosensitive film 4. The integrated gi @wgm&of
claim1l1l, wherein the conductive foil is a copper foil. 5 The int gH e
circuit of claim1, wherein the at |east one electronic device includes a
die. 6. An integrated circuit conprising: a frame carrier interposer that

I ncl udes a copper foil lamnated to only a dry photosensitive film and a
di e mounted to ghe ﬁemaaaffuaﬁﬁswmﬁﬂm& the bRk iveddil kothé @nect ed to
the copper foil. 7. The |ntegrated circuit of claim1l1, wherein the fiane

carrier mterpoﬁbnmn!aéesdmmmmn’@b@ﬂnm B0 nicron. 8. A nethod of
fabricating a frane carrier interposer for an integrated circuit,

conprising_ lanm nating a conductive foil to only a dry filmto forma frame
carrier inter pb&er'ﬂietm&thodmflcm&\mhﬂrgtnpﬁt@nmﬁagmel%d‘mlmalmd&st he dry film

5. whorei n | am RAPTHSE BR LRt ] e plherly B foddotv o e BTN O <1

| am nating a copper foil to the dry film 10. The rrethod of cIa|m8 wherein

patterning the ndycti v at.terni ng the,canductive foil
after |am natingi)'td'\te‘h ﬁﬁ‘lé%"kfé‘“go%mg %”Eﬁ‘gf’ tﬁ“ldry  met hod of claim

8, further conprising patterning the dry film 12 The met hod of claim 11,

wherein patterning the dry filmincludes photo- | ng the dry film 13.
The nmethod of chai nfhermethpbofciaimdawhersin pijterning Glvrles plpte-
imaging the dry film.

13.  The method of claim 11, wherein patterning the dry film includes
punching a pattern into the dry flm. '

14. A method of fabricating a frame carrier interposer for an integrated circuit,
the method comprising:

laminating a copper foil to only a dry film to form a frame carrier
interposer that includes only the conductive foil and the dry film; and

patterning the copper foil after laminating the copper foil to the dry film.

15. The method of claim 14, further comprising patterning the dry film.

16. A method of fabricating a frame carrier interposer for an integrated circuit,
the method comprising;

laminating a ¢onductive foil to only a dry film to form a frame carrier
mterposer that includes only the conductive foil and the dry film:

patterning the conductive foil; and

photo-itagini a pattern 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 after laminating the
conductive foil to the dry film.

11



punching a pattern into the dry film 14. A nethod of fabricating a frane
carrier interposer for an integrated circuit, the nethod conprisiT%ﬂCszs

| am nating a copper foil to only a dry filmto forma frame carrie

i nterposer that includes only the conductive foil and the dry film and
patterning the copper foil after lamnating the copper foil to the dry film
15. The nmethod of claim 14, further conprising patterning the dry film 16,
A nmethod of fabricating a frame carrier interposer for an integrated
circuit, the nethod conprising, |lamnating a conductive foil to only a dry
filmto forma frame carrier interposer that includes only the conductive

foil and the dry, fi|m atterni.n he conductive toil: -imaging a
pattern into thﬁﬁ-dr‘%ﬁ@ﬁ\“%&}“ﬂga#ﬂ‘?’ﬁ%ﬁ“%ff‘ﬁ%‘rpaf% qfél,]mv%%g?ﬁ%p%ot o-i magi ng
the pattern int@etdethodcympsidgn i ncl udes photo-inaging the pattern into the

dry filmafter lampating the conduyctive foil. to the dry film 11 1 8 OCT
2005 18. A method CAmMAHRE 2cenpeiive taRB‘Yéé'mLﬂé'}t"'ftﬁ‘Pb? 8PS an

integrated circCifdposed it ikPRdBPSHLF BIFRbAR M foil aH BeddyTama conductive foil to
only a dry filmto forma frame carrier _interposer that includes only the

conductive f®il andpatteraingthe sondygtivesfollasnder ni ng t he conductive foil; and
punching a pattern ] ‘.g[.‘y j The nmethod of claim 18, wherein
punching a pattern #\%%@n%ﬂga rymﬁqlér;aryi ncl udes punching a pattern into the
dry filmbefore lam nating the conductive 10 foil to the dry film 20. An
integrated circuit £onmpri sjng;..a&r . rier i [ i ncl udes a
conductive foil T?-anf%;%hﬁ%gb‘ﬁﬁ%%hﬁg”%&%&m
includes punching a.pattern into the dry film before laminating the conductive
10 foil to the dry film. -

20. An imtegrated cirewit comprising:
& frame carrier interposer that inclndes a conductive foil laminated to only
a dry film such that the frame cartier interposer is formed only of the conductive
15  foil and the dry film;
a first die mounted to the conductive foil on the frame carrier interposer;
and
at Jeast one leadwire electrically comecting the conductive foil to the first
die. _ _
20
21. The integrated circuit of claim 20 further comprising an encapsulate
covering the first die and the at least one leadwire.

22. The integrated circuit of claim 21, wherein the conductive foil is ina
25  pattern and the cncapsulate at least partially extends into at least a portion of the

pattern.

23. The integrated circuit of claim 20, further comprisig an adhesive that
secures the first die the conductive foil.

12



a dry filmsuch that the frame carrier interposer is farned only of the
conductive 15 foil and the dry film a first die nounted to the cangpct ipae
foil on the franme carrier interposer, and at |east one leadwire electrically
connecting the conductive foil to the first die 20 21. The integrated
circuit of claim20 further conprising an encapsulate covering the first
die and the at least one leadwire. 22. The integrated circuit of claim 21,
wherein the conductive foil is in a 25 pattern and the encapsul ate at | east
partially extends into at |east a portion of the pattern. 23. The
integrated circuit of claim 20, further conprising an adhesive that secures

the first diet ndyct i f oil 2 Ber e e . [ ntegrated
circuit of cl ai%(?Zgﬁm\’#”eﬁl L'.‘ﬁ'éog?lé;%ﬁqlm 'S in cSa}gpa ?se?-hﬂ,qﬁan urt her
conpri sing an afurthyt cofnpasihgiar artaglof oldex ballsexrgdinginto thiapatpat tndhendryn t he dry
filmsuch that fhe sol.d bal, | re electricall n d t | east one
of the conductﬁgl{fﬂgﬁa?ﬁ’fﬁ@@?’?&“ﬁ%ggﬁ YEREe é?g%eaggeggtg'ﬁ‘ees adwire_ 5 25.

The integrated &inaedtive f6if, thelfist diedd therat loest onolkpdwisd Ng a second die
electrically connected to the first die. 26. The integrated circuit of claim
25 wherein the second die is stacked onto 10 the first die. 27. The

I ntegrated circadt ; L {74 2R W LR SLipHsifE 8 sécenddiect rical Iy
connected to thieg'fi%tlﬁ%%ﬁgé a Ieg%gmﬂ%%hﬁ?S 28. Thgegi ntegrated circuit of

cl ai m 26 wher ei electtieplly gommected fothe Sirstdient ed to the conductive foil in the
hone carrier interposer.

26. The integrated circuit of claim 25 wherein the second die is stacked onto
10  the first die.

27. The integrated circuit of claim 25 wherein the second die is electricaily
- connected to the first die by a leadwire.

15 28. The integrated circuit of claim 26 wherein the second die is mounted to the
conductive foil in the frame carrier interposer.

29. The integrated circuit of claim 20 wherein the dry film is in a pattern and
the at least one wire bond extends through the frame carrier interposer.

20
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.

25 31. Anintegrated circuit comprising:
a frame carriey interposer that includes a conductive foil laminated to only
a dry film such that the frame carrier interposer is fonmed only of the conductive
foil and the dry film; and
a die mounted to the frame carrier interposer, the die including solder balls
30  that electrically commect the die to the conductive foil.

13



29. The integrated circuit of claim?20 wherein the dry filmis in a pattern
and the at |east one wire bond extends through the frame carrier 180CT 2005
i nterposer.. 20 30. The integrated circuit of claim29 further conprising a
first encapsulate covering the first die and a second encapsul ate covering
the at least one leadwire. 25 31. An integrated circuit conprising a frame
carrier interposer that includes a conductive foil lamnated to only a dry
filmsuch that the frame carrier interposer is forned only of the conductive
foil and the dry film and a die nounted to the franme carrier interposer,

t he di e including sol der baIIs 30 that electrically connect the die to the
conductive foil 1, 205 te r at ed circuit, of claim3l
further conpri S:Pngagﬁ §218'6'\‘/€lr 0 e pFH] i nt egrated
circuit of claigpvédng ®befei n the dry fllntls in a pattern and 5 further
conprising a second array of solder balls extending into portions of the
pattern in the dry filmsuch that at | east one of the solder balls is

el ectri cal |y - ca3NORathliol CemfUUEL bl Stk o 34, A {FHAeland 21 | cat i ng

an integrated circult met h o conpri sing 10"l am nating a conductive

foil to onlySa Mﬁﬁqomnmgﬁmn@wmlégMWWMB%mq{&e i ncl udes

adneri ng ool oRIH Byl A Sk oy baet b B nBAOEI PR BB T o

I nt er poser suchcdunadted oehedonddaatioanfod. device is electrically coupled to the
conductive 15 foil; encapsulating the electronic device on the frane
carrier interposer, and renoving the dry film

34. A method of fabricating an integrated circuit, the method comprising;
10 laminating a conductive foil to only a dry film to form g frame carrier
interposer that includes only the conductive foil'and the dry filn;
patterning the conductive foil; .
adhering an electronic device to the conductive foil in the frame carrier
imerposer such that the electronic device is electrically coupled to the conductive
15 foil;
encapsulating the electronic device on the frame carrier interposer; aud
removing the dry film.

35. The method of claim 34, further comprising adhering & soldermask to the
20  conductive foil.

36. The method of claim 35, wherein laminating a conductive foil to only a
dry film includes laminating the dry film to a first side of the conductive foil,
and adhering a soldermask to the conductive foil includes adhering the

25  soldermask to the first side of the conductive foil:

37. An integrated citcuit comprising:
a frame carrier interposer that includes a conductive foil laminated to only
a dry film such that the frame carrier interposer is formed only of the conductive
30 foil and the dry film;
a soldennaslg adhered to the conductive foil; and

14



35. The nethod of claim 34, further conprising adhering a soldermask to the
20 conductive foil. 36. The nethod of claim 35, wherein |amnating ﬁ'] CT.2005
conductive foil to only a dry filmincludes |lamnating the dry fil QBB

first side of the conductive foil, and adhering a soldermask to the
conductive foil includes adhering the 25 soldernmask to the first side of the
conductive foil. 37. An integrated circuit conprising: a flanme carrier

i nterposer that includes a conductive foil lamnated to only a dry film
such that the frame carrier interposer is forned only of the conductive 30
foil and the dry film a sol dermask adhered to the conductive foil; and 14 1

8 OCT 2005 a die nounted to _one of the sol der nd the frane carrier
i nterposer such th&f“etﬂ\‘fémmién%@@@WM@E%@E’F@MﬂpﬂPs@onduct| ve

foil. 38. The i gl@GhatRticiskfetidcalff corhedictPihe BHIEEW fhile Sol dermask is in a
pattern 5 and the die is nmounted’to the sol dermask 39. The integrated

circuit of claim37, wherein the dry filmis in a pattern and the die is
mounted to the dgy fl'héﬁbggaﬁcdcmmtofclmmr?whercmthesoldurmasklsmapatham

5  and the die is mounted to the soldermask.

39. The intcgrated circuit of claim 37, wherein the dry film is in a pattern and
the die is mounted to the dry film.

15



