STRESS RESISTANT MICRO-VIA STRUCTURE FOR FLEXIBLE CIRCUITS BACKGROUND OF
THE INVENTION [0001]Embodiments of the invention relate generally to chip packages and, more
particularly, to chip packages having vias formed through dielectric and adhesive layers down to die
pads of an electronic chip, with the vias having stress-resistant metal interconnects formed therein
having an increased thickness. [0002]Advancements in integrated circuit (IC) chip packaging

technology STRRESER B BISEANTT I#ASIRDNYeASSPRADITRVRE FEIRFEFRI BIaRCE| BEAIETS
miniaturization and higher reliability. Most semiconductor devices, such as bare chips, have electrical

contact padsAC KiEREdS DooataeHen R VENIitBNr active surface of the device to provide input/output
(I/0) connections. IC chips first packaging technologies such as the embedded chip build-up process

(ECBU), gelfieilly agphletimstatitdeatrit éayrvgptign pelpiaide figrglyvap gievikagpssarfdcandoem vias in
he dielectri h ) ; _ . :
0 the die pLA AL DB B e e B e e

dielectric laglenviFdoyidikl padsedibsilityelesires)ithehmetalitkdibesehpun gesieeatiyresisingt bestahd the

opening of m?eyé'%h'ﬁQE@W&Mdg}{gﬂ@t‘tggﬁﬁ%qﬁg}@%ﬁiﬁ%ﬁutes the peripheral bonding pads of

each chip to an area array of metal pa e evenly deployed over the chip's surface. The solder
balls or bumps used in connecting the device to the application circuit board are subsequently placed

over these MRERAl padddjEIEEIRS Aim EliHEEKAE | CIE7EHi bl b Skiig o ehadACRRAU hereaHIMAR number
of die pads n &y CiHBrEIREReRE 876 BB Mad R Petté PRRrea §réare? HEhAIRIARSERERMEEN

adjacent die pads) is reduced, such as to 50 micrometers or less. This reduces the space available for

via interconi§beio tRbaME e MORInRESMHRARI WS téleWeRDIRIES, BREhENIRG ahavaleleslieter).
Often, the tRigkRReSRIAIGRROMHR I9ERIS ARSI e Chip SHBRIDE iHsesd IRy breausepf

impedance requirements between high frequency layers or due to dimension rigidity needed for

pattern oveRESVEIRARReHOtIRYS (Wil carnartineter HEtaBINGE Rarkagng e MRUIEth RIAR RSof the

vias extending Rl ifleBlitdaysryRbais ERRRWNRISRIIRN. HhearebYirssiling|iyeras
having an increased aspect ratio (i.e., height-to-diameter ratio). Smaller diameter vias, however, are

harder to fil(Svith RRIATIRSIAYDI QMRS SRNE, [RREHECRATOBIEMIE dhendigiesiEsdayRiiteHeBbRlias

may pe |e$$tf@{/ %@MQHé*ﬁ%'ﬂﬁﬁﬁsQﬁm@r@Hiﬁ? E\f‘ﬂ%&i@%&ﬁﬁrﬁeﬁ@ﬁﬂ%&ﬁdﬁ@ﬂi ﬂ%%@%@ﬁd@bom
the via openings on the top surface of the dielectric layer may be of a given thickness, the thickness of

metal presePAGHEa AT R BRTBIcF WL RS aB8L kHAR MENIGSNQRickNRBsHERSE o tHiesmaller
diameter angaadineraaser aspactialip dhysEREHite g Ml MepiPetrldpvae yibgiavmat is

desired. [0004]This reduced volume of metal present in a reduced diameter via can lead to durability

issues with @EERRSaPRYSRDIhEcOReRING, BLIARE thdrmal B iARualii Rl 8 sKHErcannectiem
coefficient oEHistipekexpraendhdre) FosaIRLpRE e ehdh fonetalEhtBer HipsfandiHIoHady enading

dielectric material eventualIY causes metal fatigue and cracking, resulting in loss/failure of the metal

interconnec & HRYERYPEREINNGE RMEKIIEHERPIS 1845358 PBroadht & RS e Yatgud
[0005]Accordinabeifiyene adees iotimesapifivadnd BiribRMI rehipaskasity thiced over these

metal pads.

[0003] As functionality on ICs/chip packages continuesnicrease, the number of
die pads on the chip is increased and the pad fiteh the center-to-center distance
between adjacent die pads) is reduced, such & maicgometers or less. This reduces
the space available for via interconnect to theiagvorcing smaller vias to be used
(i.e., vias having a smaller diameter). Often, ttiiekness of dielectric layers applied to
the chip cannot be reduced, either because of iampedrequirements between high
frequency layers or due to dimension rigidity nekdier pattern overlay alignment.
Thus, while the diameter of the vias is reduced keight/thickness of the vias

extending through the dielectric layer remains sehs constant, thereby resulting in



provides for reliable metal interconnect connection to die pads on a chip. There is a further need for
such metal interconnects to resist fatigue caused by thermal stress, especially in high density
interconnect (HDI) IC packages that include vias with a reduced diameter and increased aspect ratio.
BRIEF DESCRIPTION OF THE INVENTION [0006] Embodiments of the invention overcome the
aforementioned drawbacks by providing a system and method of chip package fabrication in which
vias are foriigd Huvinghatidlaneieseadageesivatiaytes, desitidiatietpadatiof) anSHegieonitachinewith the
vias having stress-resistant metal interc .r]ne.cts formed therein Crgﬁlvin%1 an Lij%c eased thﬁkness.
10007]in acliFeRRASHEN GHE BEPRet B IENHORRELR] e SRRl e e O L YRHE S
having a plunality pfekiepadstiinnedioviatomayriaeedseep{antizpolgiside fipatayetpasitened on
the electronic chip, with the polyimide flex layer having a plyrality of vias formed therein such that each
of the pluralior Uisk Bortuso M mS ET SoYELRATS SR B RPERID IR B8 s SHERRR OLhe
adhesive layiieeposits@ betwgdietiod alagitronichitipesy) thiekobdmiok Miexdapessntt avithirality of
metal interconnects formed on the polyimide flex layer, with each of the plurality of metal interconnects
further ol TS SUGEHIEN BN R IR e o e PR e Ay el
extending dawehdroimdieaseteagprtaratit)roughrdvuciaglhepepemeelicintiiesedt, aetba haisat
connected to the sidewall and forming an electrical connection with a respective die pad, wherein a
thickness o e3Ch 6f the base and the sidewall is equal to or greater than a thickness of the adhesive

layer. [0008]In accordance with another aspect of the invention, a method of forming a chip package
includes th¢efls of Phisvitidycediicdnneiel el geesiené gnadetediusamh@e) tiercan deadatplurality

of die pads for - t f, ' Vel t he silicon
wafer, adhe@n%ﬁégsiﬁggg%vmﬁ?ﬁ a re@s‘t%%r%‘%%qrﬁ%g ﬁgﬁ‘gﬁ%@ v%@?@ﬁ t@é@cﬁ%@i&\}}e layer,
and formindgesphgasitiess Vrasiaerifnian: atbetmaliagpenisicnids flrigmngiendeiweeadhesietddyer,
with each o [ ias ing to ' ' | ethod
also includergtt eé) &t‘(% o] %rﬁ%né%g@%ﬁaﬁw 0@%?5%@%(%}%@&@%%%@%@&%@% %%T%&%a@e flex
layer such ttrackiith oeshiéipuiraligssinikieg iptdhsonrialeerints. tAfvedraapespevwre vaiesly
electrically : j [ ' é@iﬁg the plurality of metal interconnects further
includes de@ﬁrﬁ%ﬁéqgg fﬁ?ﬁ%@éﬁﬁ%&%%%ﬁ@@ néss based on a thickness of the adhesive

layer, depositing a metal material on the free-standing polyimide flex Ié%er and in the plurality of vias
having the &Q‘%@%d meEAaHEIEbh I eLRcRRRI JAH P AYSERMLAIE i ORTKRIRAIBAA to form

the pluralitypbpigsal iprerepamectadiayingcie siestieddhirdeseid0gRas hACsHRYICEr nelfe it another
aspect of the invention, a chip package includes a silicon wafer having a plurality of die pads formed

on a top sufHEEBRSH, T S4SBsE Al dMEERINIRE D IANEBHgHR warseA Ry AR sHRRs:
dielectric laggpagixpy ta thigrdnasivs larercsithbayingm plictalibyekviaafaroedehorathigighaeach

extending through the adhesive layer to a respective one of the plurality of die pads. The chip package
also includd8 A HRAHF T M IRFEHHFLASREFHERLGN the freestanding polyimide flex film such that
each of the plurality of metal interconnects extends through a respective via to form an electrical
connection with a respective die pad. Each of the plurality of metal interconnects further includes a
cover pad covering a portion of a top surface of the free-standing polyimide flex film, a base forming an
electrical connection with a respective die pad, and a sidewall extending between the cover pad and
the base along a perimeter of the via, with each of the base and the sidewall being constructed to have
a thickness equal to or greater than a thickness of the adhesive layer.



[0010]These and other advantages and features will be more readily understood from the following
detailed description of preferred embodiments of the invention that is provided in connection with the
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0011]The drawings illustrate
embodiments presently contemplated for carrying out the invention. [0012]In the drawings: [0013]FIG.
1 is a top-side planer view of a bare electronic chip for use with embodiments of the invention.

[0014]FIG. B R DESSRIONaNioF af-Hh INSENTIOship package incorporating a laminate layer
attached to a bare electronic chip according to an embodiment of the invention. [0015]FIG. 3 is a
cross-secti¢fad@jew Ehavodievtnisiothie pavkageinovgrooatiaghe aforeraratd drawbacks by

providing a system and method of chip package ¢aban in which vias are formed
through dielectric and adhesive layers down topdids of an electronic chip, with the
vias having stress-resistant metal interconnectsdd therein having an increased

thickness.

[0007] In accordance with one aspect of the inventionhip package includes an
electronic chip having a plurality of die pads fenon a top surface thereof and a
polyimide flex layer positioned on the electronitig; with the polyimide flex layer
having a plurality of vias formed therein such tlegtch of the plurality of vias
corresponds to a respective die pad. The chipggechklso includes an adhesive layer
deposited between the electronic chip and the midig flex layer and a plurality of
metal interconnects formed on the polyimide fleyela with each of the plurality of
metal interconnects further including a cover padeting a portion of a top surface of
the polyimide flex layer, a sidewall extending dofrom the cover pad and through the
via along a perimeter thereof, and a base conndotdbe sidewall and forming an
electrical connection with a respective die pademen a thickness of each of the base

and the sidewall is equal to or greater than &«ttass of the adhesive layer.

[0008] In accordance with another aspect of the inventioomethod of forming a

chip package includes the steps of providing aailiwvafer having an integrated circuit
(IC) thereon and a plurality of die pads formedaotop surface thereof, applying an
adhesive layer to the top surface of the silicoriewaadhering the silicon wafer to a
free-standing polyimide flex layer by way of thehadive layer, and forming a plurality

of vias through the free-standing polyimide fleydaand the adhesive layer, with each
of the plurality of vias extending to a respectorge of the plurality of die pads. The
method also includes the step of forming a pluradit metal interconnects on the free-
standing polyimide flex layer such that each of gherality of metal interconnects

extends through a respective via to electricallynaxt to a respective die pad, wherein
forming the plurality of metal interconnects funtliecludes determining a desired metal

interconnect thickness based on a thickness ohdtlinesive layer, depositing a metal



additional laminate layers according to an embodiment of the invention. [0016]FIG. 4 is a
cross-sectional view of a partial electronic chip package illustrating via diameter and metal
interconnect thickness according to an embodiment of the invention. [0017]FIG. 5 is a cross-sectional
view of a partial electronic chip package illustrating via diameter and metal interconnect thickness
according to another embodiment of the invention. [0018]FIGS. 6A and 6B are graphs illustrating a

rﬁlalt(ionshiprb@tf&v@mmﬂtalﬁmi@rmm%fpﬂuﬁmmmaaﬁa‘mmm@qilm’@r@pommsblaaﬁ@g\gﬁdewall
thickness. DETAILED DESCRIPTION OF THE PREFERRED . EMBODIMENTS [0019] Embodiments
of the prese&ﬁﬁﬁ@ NS roNRIE 8PS ghPﬁﬁﬁ’ rﬁ@ﬁw@@%‘?%ﬁﬁ& 'Qﬂiﬁﬁa@é@iﬁ%&rﬁﬂiﬁ%ackage

includes viasormedibralighot chetacintlapehdowmtvitig pedsed afickaetionic chip, with the vias
having stress-resistant metal interconnects formed therein having an increased thickness.

pe used wioCabociie R SRR b & S e S B R e el TR ce 2
substrate 1m@gssiﬁcﬁﬁmafmf@|nma\4ﬁtlgai1waaditg péd&am_ﬂlmem.dniaﬂan§mﬁapaﬁlm@@dﬁced on
mplemenied LGAE BV HEb T S IREIESP AR FELaTan g didiadmier,
photolithogedfikgdriaythis@tbdsiptelagateah Oirayints a Pheaihuies duomdotitoetiiaugitiedes a
thereot. A2 BUATIRILO To U ARG R T, (Rt S, BITALGER) e RE,
relative to oheeanbipgragkagech|seatitibsiase auplurality peidmatklisan picts o hed vstvieeritee-
standing polyimide flex film such that each of tpkirality of metal interconnects
extends through a respective via to form an elsdticonnection with a respective die
pad. Each of the plurality of metal interconndatsher includes a cover pad covering a
portion of a top surface of the free-standing pulgie flex film, a base forming an
electrical connection with a respective die pad] arsidewall extending between the
cover pad and the base along a perimeter of thewith each of the base and the
sidewall being constructed to have a thicknessldquar greater than a thickness of the

adhesive layer.

[0010] These and other advantages and features will be meadily understood
from the following detailed description of prefadrembodiments of the invention that
is provided in connection with the accompanyingadngs.



[0021]Embodiments of the invention may use bare electronic chips having their die pads arranged in a
manner different than that shown in FIG. 1. For example, other bare electronic chips may have
multiple perimeter rows of die pads, rather than the single rows of die pads 14 shown in FIG. 1.
Additionally, semiconductor devices may be used that have arrays of die pads located on any region of
a substrate or one or more rows of die pads generally arranged over the center region of the substrate.
Further emizriiEre E SER IPAVE Ni©Pats R4 RIBSY less than all four side of the perimeter of a
substrate. Still further, embodiments of electronic chips may include die pads arranged such that the
spacing bet\@e&h die Paelslkawiew J (022 Riefemitig chove bsHvG szl siceptadedofca chipypagkadge 20
(i.e., integr%ediﬁl/rgaﬁéhC) package) is shown incorporating bare electronic chip 10. In manufacturing
chip packageez , a free-standing dielectric layer, such as a polyimide flex layer or circuit board 22, is
applied to a top surface of bare electronic chip 10 by way of an adhesive layer 23 applied
therebetweE?DIgith tHe Heale@uingsic chip 10 being attached to the adhesive layer 23 in a face-down
orientation using a die attach mechanism (not shown) or some similar procedure. The polyimide flex
layer 22 is ipthe]fornFat a preformesh lsiménriseeslionfibn thaisan SealaeRmb o balseeigtonic chip
10. For example, the polyimide flex layer 22 can be formed of Kapton(r), Ultem(r),
polytetrafluSFOBRRBEE PR 1S I¥eMRRer polymer film, such as a liquid crystal polymer (LCP).
According to an exemplary embodiment, adhesive layer 23 is comprised of an epoxy-based dielectric
material, af @iely reSIG. 2phetaaosh gatiatal, \aevaofi@axideattantipqeatikagtaigsbquoratipgraling to

the photoacid gengrator, so as vide an adhesive that promptes product reliapility and yield.
Adnesive 90T VGG NGB e S B R RO R Db DAL o Gimice

flex layer 22na&edtedactronic chip 10, such as a thickness in the range of 12 to 25 micrometers, for
example. [0023]Upon application of polyimide flex layer 22 to bare electronic chip 10 by way of
adnesive layg§15. 2 pisaly LS Re G BIEIAN e dArupRiFdRB b AbE Ve SR AE AIRREd bY
way of a laser ablation or laser drilling process and are formed at positions corresponding to die pads
14 located 8dditipsahtampate dayers neg@UingstoAmeoRadione s RyentIINthus serves to expose
the die pads 14. [0024]Upon formation of vias 24, a metal layer/material 26 is applied onto polyimide
flex layer 22day gyay @hdor expmiplecrSBLERNid ArOGRSE: SlealrQRIAINT FERFESSnRY GraBRiRRtion of the
two. The deposited metal layer/material 26 is then formed into metal interconnects 28. In gne
exemplary fﬁﬁﬁmﬂﬁ@, Matdivneemandiane’!dpaianrecshbest ReE ARG AReBNRREI K Hects 28
are formed ghapexteapderm a top surface 30 of polyimide flex layer 22 and down through vias 24.
Metal interconnects 28 thus form an electrical connection with die pads 14. In this manner, polyimide
flex layer 2@@{;15 aﬁgﬁjis ibution Iaeéer that ﬁcts to redistribute the arran eme(r:létiof die pads 14,
which may ow FIG. 'f’) e § z§|§g%%c Bod é’&(\lipﬂer? P IEEBN R %gfo into an
area array dfustestingnedss disimietéed aver thetaliriacerob ehectickheshimpeokdigg 20 [@62%As shown
in FIG. 3, one or more additional polyimide flex layers 32 are applied on polyimide flex layer 22 by wa
of associaBTRALIGET e AR Prilecon poy ver s by ey

[0018] FIGS. 6A and 6B are graphs illustrating a relatiopsbetween metal
interconnect failure percentage and metal intereohbase and sidewall thickness.



construction of chip package 20, according to an embodiment of the invention. Similar to the steps set
forth above, a plurality of vias 24 are formed in the additional polyimide flex layers 32 by way of, for
example, a laser ablation or laser drilling process. The vias 24 in each of the additional polyimide flex
layers 32 are formed at positions corresponding to metal interconnects 28 attached to a polyimide flex
layer (e.g., polyimide flex layer 22) positioned immediately therebelow so as to allow for the further
re-distributigETIhE D E)E STRIFONICO RSTAE RIREGERREDIEAMBEDH IMERITISterconnects are then
again formed on the additional polyimide flex layer 32 via a deposition (e.g., sputtering or
electroplatif@d I cesnambsnests wérthpaftiersdny andestchingrovide Jsysiem @ndefoathocktail

interconne t0 exfer ro Vi into. ica ] efal,i nects
28 on a po@?&ﬁgglgx%%rs %ggpoiﬂ%neé@ ﬁrﬁe £ el)}ﬁ{ﬁ(aﬁfye%el‘!égv%q %\i@eﬁréﬂgﬁ%‘gﬁ ﬁc{g FIGS. 4
and 5, detalkyevidowofa fierpadobElkip phskaya@0hipe Bhibwinadeavitiggstoessbesistantsnsfidhe
invention. k e | f chi Cl and described in FIGS. 4 and 5, a
thickness o r%ez?aﬁﬂﬁ%‘%ﬁfﬁﬁ%@%@&%@ﬁ@n Iﬁ%t?ﬁg%%eﬁig of the adhesive layer 23 applied
between substrate 12 and polyimide flex layer 22. That is, it is recognized that there is a high

coefficient dPEOImalR&iSEABDEO(EHE ) Ink tRRtStiBdNAah RV itaghmtdibeaskaged rRipglsanis via 24
and the adhggy e RAJPHRINEaNRHILenibbRmdn (G B MISTRIGseANINALCRSYRSHANSARLE!

interconnect 28, eventually causing metal fatigue and cracking and resulting in loss/failure of the metal

interconnecg! iRt FHASiRalHEIRF R itldDath AR (frter Sl Rdanh ot A incHiyselodisidasitsss that
fills a largerpaicsigge wrupRIA Miay Hdg5seaPrisialy hlg daenyas) ity R ERRIqYed. rgiptance to

metal fatigue and cracking, as compared to a thinner metal interCconnect. [0027]Referring to FIG. 4, a

chip packagx2m i raViria/ ieabemmiasess ambislike marmrenaiedeenaaiidie BgtKlyimide flex
layer 22 forgpd 1Q,haynard shickpasaiR Otehmisied siris svetic il ibisfirmaliigirg aug Hiee-standing

film to which electronic chip 10 can be affixed. Adhesive layer 23 positioned between electronic chip

10 and polyARidEReNaPiac2 IS Padbkrvay thdrasbrexirRasiyor atrdnsudes & ¥arietyrelide

adequate bapgisieheteeen Ralyimidedianianer 2R ANAuRIeCESERRNgRehcerdingbrela 3f formed
through polyimide flex layer 22 and adhesive layer 23 has a height h1 of approximately 39
micrometer§O[DBTERCRRIRBIRBFcoNReeN P8 isiFofrHéd %n%lﬂﬁ%%éﬂ@%@@?ﬁrﬁ%ﬁ%ﬁ@@gy

applicatiqn @ﬁé&w%&@'tlﬂ%ﬁﬁm%ﬁﬁ@bcﬁ%f&ﬁ%bﬁbQSh@'%QBM%U%P%ﬁ%%éHE%Wé tterning
and etching. Metal interconnect 28 is formed to include a cover pad 31 formed on top surtace 30 of

polyimide fIBR3:3BHOAELMRIEPIRUEBR- 34 that forms an electrical connection with die pad 14, and a
sidewall 36 extending up from the base 34 along a perimeter of the via 24 and onto top surface 30 of
polyimide flppoljer 22mbeetindrgs@three mbendiiivent af foée. Balknetddchipssitenall Beiofdiectal
interconnect 2& are formgd to have a thiq?ﬁness tlhin trhe ra ew%‘fpm mErometers, SO aé to provide a
metal interdAnea 28 AL It At TAHAth HAIR R ARA L Ak ’}a%[ by 6OLPHRABIE RTRGERELS
imparted todleztmetial thgrsanagdhdennauiple npisrimadtbrbeniiekn taels)athoriing thetalingle
interconnect 28 and the surrounding materials forming polyimide flex layer 22 and adhesive 23. That
o, Tor 2 via SHE AP ARG SIRAHONT Gt dppR SR OA S S GHANETE FRR R Y RHSSY ta of
adhesive lagreat 2@ 1 aye ahdie (sadsnetateoteicamyecioiGrizanisgaidasedd ancheidersals3F
thickness ti of 14 mjcrometers, provides a metal interconnect having improved reliability itﬂfncreased
resistance (9aA8 e ARG b HATHEH cWfg 502k EBORE S 05 rebdishd that
an adhesiveagedi23emizyrhayphavid atid pbrsesr suirsich e dr iy Hadsah) fodmslddlex lhggrettrieteing a
thickness ta greatey or lesser_than 14 micrometers. In.ge , it is recognized that a thickness ti of
pase 54 ang I S il HELHEbELLHH CRO R PRIR ) 0 P ap SAfEa TR ACSs ta of
adhesive lagemafgedus Hohaxdre@patimgbetdieesivdidgyaR8draving a thickness ta of 16
micrometers, a metal interconnect 28 having a base 34 and sidewall 36 with a thickness ti of at least

16 microm oul i ing t [ t of: %eﬂy Proyid etal
interconneiwgg%lvavinﬁggé@ﬂ@g gi‘i%an?ﬁ%gwgn %6§ vﬁy%h at i%%s@ﬁpgqﬂéa to 0 ger'éa%:af?gr?gltw@gn
thickness te£¢ @it iEsIvealek@g@3spsboBg ReashabRing reaisEoRIa PRl infe roentéaetRsng

chip package 20, a free-standing dielectric lageich as a polyimide flex layer or

circuit board 22, is applied to a top surface ofebalectronic chip 10 by way of an

adhesive layer 23 applied therebetween, with tme bkectronic chip 10 being attached



[0030]Referring now to FIG. 5, a chip package 20 is provided according to another embodiment of the
invention that includes a polyimide flex layer 22 having a thickness tr, of 25 micrometers, such that it
is constructed as a free-standing film to which electronic chip 10 can be affixed. An adhesive layer 23
positioned between electronic chip 10 and polyimide flex layer 22 has a thickness ta of approximately
14 micrometers, so as to provide adequate bonding between polyimide flex layer 22 and electronic

chip 10. Aceorghagivinesive ipyareztinoadhdeeiowideflextaysing 2 add adihesivedayeniihasot height

h1l of approxjmately 39 micrometers. [0031]Accarding to the embodiment of FIG. 5, a metal
interconnecaTBENE b ABHF R PEoen 5 S0 ROAHAIB I Bodsa Hh SR e Biayer 22,
along with ddilpase sestinateagtiésidewalimirtibe tem oé sprasidotacarisesbdf: theaidilisaor For
substantially fills) via 24. A variety.qf "splid via plating" metallizatipn techniques may pe implemented
to create pcéﬁﬁig\r‘éon ct ggiyguxé%eas ﬁfffc! %g ggéoﬁarf‘n & iﬁo\r/fﬁ ri’r]i%\ me&ﬁﬁ@selective
pattern platpayet ffieotegtstirie, (POEE)) rnechasikers pdgifiémntalcichmoaliduithtnygseates,
implement a pulsed ing that alternately plates and etches metal. Thus, post interconnect 38 can be
described LBt Lonr At SR R 20528 KR A S ARG Feiret dRough
thickness tradm@igdd o ahstpobighysedaiigieiely fiaditigeaby fesning phpasdditieyenerstot, As post
interconnect 38 fills via 24, it has a "thickness" greater than the thickness ta of adhesive layer.
KRN BT B [

er.23, and
thus provid &SSO RBHB: % i) RS AR ERELH st B R
resulting fram thehesilyeythiaig p[oa3aEo pesdhco friireitith caialdyntadaekivin iayelGS . féramstiStat is
recognized that a diameter d1 and aspect ratio (ratio of height to diameter) of via 24 may affect
formation o 8 Aol KRR OB VAL b R B A R P N Y 22
interconnecamtiiplpatbaie orierethsystctad G (FHBkigdeindngaliofpb2lsd 25 wémmaseel st for
recognized that asliameter d1 of each via 24 is also decreased in order to allow for formation of vias

correspond%xgapap fe pads 14 and the minimized pitch therebetween. However, while the diameter d1
of via 24 can be reduced in order to provide for an electrical connection to die pad 14 of electronic chip

10, there arnd®0&3ks rddpadirapalicaiianion polyithidrries leyer galjintigdetsorgani? 1.5y wayinimum

polyimide fl ] ﬂg?éﬁsz%i ' [ j ﬁ?t?%{f fii gy etween
high frequeﬁfééﬁgﬁ%ﬁggor ue to Umgc%‘la%@ﬁ? Hmese e oﬁ%ﬁéﬁ@%ﬁ%ﬁ%nﬁ@%erefore, a
reduction imgefmmebww\tm/e@ém/i@ser r@@dmtm @wi@ﬁ@mdg'lmq«aeﬁ@g@éd a@r@é@rmﬁ(iaé., ratio

of height to g&%m&?&r)cﬂ%%ﬁmlﬁrfgefd%ﬂé%ﬂ?ﬁl%&%&%%ﬁ%‘?dﬁ%@%ﬁmiﬂ&&%ﬁ;&a@e“ ratio

of via 24 makes it harder to fill via 24 with metal during electro ng, thereby causing inconsistencies
in the thickie obipitediexdayestdRiecennas meexnreedioifidalls the decreased diameter d1 and
increased height-to-diameter aspect ratio of via 24 can lead to a thickness tc of cover pad 31 being

greater thangaiicknessoth of pasfidh asvd vidlewall 38. hastarapyRlgnfatehi@s shawplied entd for a via

24 formed having a bottom diameter d1 of 25 micrometers and a height of 39 micrometers, a thickness

tc of cover PRY BRI I&E BYRIcRMBYENAVNE JQhiBKABYG AUSIRIINGABESBe RSFEBRIMBe

approximatpp, &z 4nigfonitimdiRse @O hbawd erenedtitpdsiediilling yimPtevith vetd dueng
electroplating. [0034] Referring now to FIGS. 6A and 6B, and with continued reference to FIGS. 4 and
5, the relatiBTERGS HEHR SRR dRAPTRRNIEE AITeEBrell ARG S8 TRIRERAKYLEY BEI JavEs/ Biitidbwall 36

is illustratehgvighpatiearidtnehtaidice ¢ siesiagast4liheintin o8 et aedinwithasesdeeivatbm
thickness axis 42. As examples, a via string failure percentage is shown in FIG. 6A for a 8 micrometer

top surface &R FHEREANEL: BlaRAYILdE, (GKKIME! of £0dBF pdaMioYa MRS A MiefdSiRkct) of a

plurality of viaszsmnéted dBghas2 i RCEPMatRttiamesenvdiih3giansaamater dinmpeiendanand a 45
micrometer diameter via, wijth via string failure percentage being illustrated for thermal cycling of 750

cycles, 1008 XYHUECaf8* I8YEy des HDShBWEIH EIRBIRHEANRLI RISk R seAIfle the

base/sidewaHraﬁgéﬁémmrddw tbéc& ML O tﬁ@;ﬁ%d@@bhﬁﬁmvmyiﬁbaﬁ%ﬁ]@éﬂ%@m ciameter,
with the base/sidewall ihickness in the 25 micrometer via bein roximately 5.6 micrometers, the

5 \ ap :
base/sidewBFHRARAEES FRANORE S RISEIRRS FMPoEthdUBERRRHALIH e ESIRERIRE [ISTRMieS
base/sidewal}¢higlienesFardhss 4fettioinmersp Yadkaig 2pproximately 7.7 micrometers.

[0025] As shown in FIG. 3, one or more additional polyimiflex layers 32 are

applied on polyimide flex layer 22 by way of assbed adhesive layers 23 during



[0035]Referring now to FIG. 6B, a via string failure percentage for thermal cycling of 750 cycles is
shown for a 8 micrometer top surface metal interconnect plating of a plurality of via sizes, including: a
25 micrometer diameter via, a 35 micrometer diameter via, and a 45 micrometer diameter via, for
thermal cycling of 750 cycles. Additionally, a via string failure percentage for thermal cycling of 750
cycles is shown for a 4 micrometer top surface metal interconnect plating of a 25 micrometer diameter

via. As showtnsticlétiopBoftoRipgiaaktijekpesadttithg na@/siiewall ShthsSifenadhy Simlar
micrometer plating varies based on the via diameter, with the base/sidewall thickness in the.25

T crometor D B S 0 BRONS, A e e i G RO TR rometer
via being afilesokipeateB26h§ migy @ dtarexantplibedaseistitstaal || Hack dedinig phecéSdniTiomgter via
being approxjmately 7,7 mijcr m%(a(i_. For fhe micrometer plating in the 25 miérometer via, the

base/sidewal thitk %%IQ i?'lét fo %W%B% XV@r’ﬂgte S.X[O U PFIES. B Bﬂa'%%ﬁt can be
seen that theouiaspiongifigjlute pescdniagedornevstap tattameitipeligipiits igexfuagtonefghe

thickness ti of base/sidewall 34/36_qQf the metal interconnect, and is independent from the metal
intorconmad T B JRler 223 oiened dr B ey FhRaTarraby Asaian Aar TREtHE e
thickness tduntiven es-pigstradutbthefnietahietatdorereonn8zid e fdiaheerteet loahvibdde] methhffect
metal interco%%lect reliibili%{g

Iif’j\therait IS tlfe thickness t1 of%h.@ m?tal iatterﬁonr@;t b and sidewall
34, 36 withill 90" 5 G sHsa VSt ORI T Ge i Hite ATALRY IR IR VR stadiRdve layer
23, that detdeposisareli@dity syuttermgtalrindércoophatiridf) aexbsresidtasutesty (ahirgatisuting feord
thermal cyclipg..[0037]Thus, it is recognjzed that in formin | intercgnnects 28, it is the thjckness
11 of base QI RIBKETES s (ARG M BT R REB G A B 2o
polyimide flardaiyeo 2Pegtritaitoonsazd with theetaliadhdityoridds roatal pulictdedtt2&gariag tidermal
cycling is depergdentdon the éot?l volume of metal present within via 24 (i.e., the thickness t1 of base 34

and sidewall 36 I,OIE]?S i itsta l

gélstﬁe(rﬁ%%lg(\_{y 34 and sidewall 36 relative to the thickness ta of
adhesive layer 23 that is taken into account, rather than a thickness tc of cover pad 31 formed on top

surface 30 {ﬁ’Qi’(ﬁL_/ir_niB@fﬁfdrl@y@ﬁwztoﬁlﬁ@ﬁjiﬁg@ndjﬁrid@t@i&druiﬂmgtoﬂmwﬁﬁMDW@@Qﬁaperial
26is applleggsgfgcw fé’é@bﬁd?@f&%ﬁ@dﬁ‘ﬁ@?ﬂ?'b?%@fi #BP&%?HW%?%M@ sired

thickness t1 (i.e., a thickness t1 equal to or greater than a thickness ta of adhesive layer 23), or

entirely fillirf \@ai94qa@k,mtaﬁt@*@@wne@f@sﬂgﬁdrib@ récdgmzdtdkrat a tmmt@i)fmgt@r pad 31
may be 'af%fémﬁé@ﬂ%@?é%%fﬁ%%%?{fg{‘% sidenris3G Lk bagiore S eflroieRRen

embodiment of the invention, a chip package
substrate 12 and polyimide flex layer 22. Thaitiss recognized that there is a high

coefficient of thermal expansion (CTE) mismatchwestn the metal interconnect 28
formed in via 24 and the adhesive material formayger 23. This high CTE mismatch
can induce stress on metal interconnect 28, eviéntaausing metal fatigue and
cracking and resulting in loss/failure of the matderconnect. Thus, it is desired to
provide a metal interconnect 28 having an increasgeckness that fills a larger
percentage volume of via 24 (or completely fillse thias) to provide improved
resistance to metal fatigue and cracking, as coedpiar a thinner metal interconnect.

[0027] Referring to FIG. 4, a chip package 20 is providectording to an
embodiment of the invention that includes a polgenflex layer 22 formed to have a
thickness g of 25 micrometers, such that it is constructecaasee-standing film to
which electronic chip 10 can be affixed. Adhesiager 23 positioned between
electronic chip 10 and polyimide flex layer 22 tmshickness,tof approximately 14

micrometers, so as to provide adequate bondingdsetvpolyimide flex layer 22 and



includes an electronic chip having a plurality of die pads formed on a top surface thereof and a
polyimide flex layer positioned on the electronic chip, with the polyimide flex layer having a plurality of
vias formed therein such that each of the plurality of vias corresponds to a respective die pad. The
chip package also includes an adhesive layer deposited between the electronic chip and the polyimide
flex layer and a plurality of metal interconnects formed on the polyimide flex layer, with each of the
plurality of mietettinferepimends fteerdimiiigingaaznierred aayeringyinmiodidlefiayep Zuréaee of the
polyimide flex layer, a sidewall extending dpwn from the coyer pad and through the via along a
perimeter tl‘?é%% k! %&%ﬁ%ﬁﬁ@fﬁ%é%@%?&]é% ﬁ‘i’%eéﬁactrical connection with a
respective die pad, wherein a thickness of each of the base and the sidewall is equal to or greater than
a thickness[0083 adAesietalaptard0080TALE dsdivynedamo thely enitie dimyen2af ainel imventidh by method

 formi : i ! - i : ) ted circuit
() thereon LA e SR A B S e B DR B e o
the top surfagbssithendileitermaigr sadnetdhinthe Mitahintafecina isciorstemtting poiydmidectigrriayer by
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of die pads anhelentrihadcalsodntihnl@gtthdist@adflibranth @l rahtexiemaizd infe foomndedasahe

reestanding pOTIce Jeimer 1o a2 AL AL SRR RIS Sylersls throush

a respective via to rically connect to a respective erel g the plurality of metal
interconnecdtstandhisgite |tz etdedineingad HESirdd basal3Atarsbrakaaotimetal iseecbonect

thickness o W=y eRasiil r free- [ vimide flex layer
and in the p%g;glrl%;@)?@{l\é% r@l\ﬁ%\;ethgeqﬁﬁ%%e %mﬁcﬁfgﬁﬁ%g@@@gﬁ%%ﬂ g g‘n? e%ching
the metal nragiahlintefeonnretpt& disissandaimetactatigusscmckingtiead enmyg dtokimsed on

[0040lACcoxyRadg. h ARRIPY S ThOSHBEN ARG N Roef & AAdkan s eludrs e o arer

having a plurality ds formed on a top surface thereof, an adhesive layer deposited on the
silicon wafdiQranoc fetastutelingriericlic angbthefised abltdradmeds, orpncanalianiag deiurality of

vias forme etyo nging t the adhesiye t tive: he
plurality ofcjjzli gpFa(?sTl THPE(-:-B chip pgﬁgg%@élsmﬁ%ﬁ%és?%?paﬁﬁy%%%r%tgp ?&Eﬁﬁnﬂ%@ﬁ%ﬁd on the
freestar)dinQM&W@éGﬁﬁ&nf@l@éﬁWﬁ@ch?tﬁe @Idmwwﬁét&dhﬂéi‘&nm@tﬁ aﬁteﬁQéLﬂwrough a
respective ja o fapman sloeisAl AEAISEHOR Wi AlRRPeCHUR AR RALFAPRENhaRaliy of metal

interconnects further includes a cover pad covering a portion of a top surface of the free-standing
polyimide flé4 filticemeie®ripinyg deselactmeipbolifiemsingsth hadsprenes dielakilibhdvwRidewall

extending Qﬁwgggb@?e%hegq(@%qlmg mmaqgﬁﬁﬁﬂ'mﬁﬁ&f the via, with each of the base and

the sidewall being constructed to have a thickness equal to of greater than a thickness of the adhesive
layer. [0041]While the invention has been described in detail in connection with only a limited number

of embodimlOREit sH¥ifty IRSRESIRP niGerdoddishERIRENRR DAL SNGEIRIRY S <A@ iSsed
embodimenigoRadiehéhrdBrentipateae beomasdifiedladraaeP Ik amy MaviRer af watRbess, t

alterations, substitutions or equivalent arrangements not heretofore described, but which are

commensuRARIHFIESHRiBAR L4oPUcHP IR SerlfoBe At ESAm 1484 A il dresdments of
the inventiopaavedenad daseiibe Bt & indainteistped chammsnpete ghdhedyegiemepananchide

only some of the described embodiments. Accordingly, the invention is not to be seen as limited by the
foregoing dHYEAPESHABHALNGTY SR By thd PO LPIRE Rl ARG LY eH AGINAVHARE list

thickness £ of 16 micrometers, a metal interconnect 28 havanpase 34 and sidewall
36 with a thickness; tof at least 16 micrometers would be provided, ediog to an
embodiment of the invention. Providing a metakibnnect 28 having a base 34 and
sidewall 36 with a thickness equal to or greater than a thicknegeftadhesive layer
23, provides a reliable, stress-resistant metal@onnect 28.

[0030] Referring now to FIG. 5, a chip package 20 is patedi according to another

embodiment of the invention that includes a poldenflex layer 22 having a thickness



10 bare or unpackaged electronic chip 12 substrate 14 plurality of die pads 16 pitch

t, of 25 micrometers, such that it is constructedaafee-standing film to which

electronic chip 10 can be affixed. An adhesiveeta33 positioned between electronic
chip 10 and polyimide flex layer 22 has a thicknigss approximately 14 micrometers,
SO as to provide adequate bonding between polyiftedeayer 22 and electronic chip
10. Accordingly, via 24 formed through polyimidex layer 22 and adhesive layer 23

has a heighthof approximately 39 micrometers.

[0031] According to the embodiment of FIG. 5, a metal icb@nect 28 is provided
having a cover pad 31 formed on top surface 3@mbfimide flex layer 22, along with a
“base section” and “sidewall” in the form of a padsterconnect 38 that fills (or
substantially fills) via 24. A variety of “solida plating” metallization techniques may
be implemented to create post interconnect 38, agdby forming a solid metal in via
24 by implementing a selective pattern plate-ufhefvia metal or, through mechanisms
of differential etching and plating rates, implemenpulsed plating that alternately
plates and etches metal. Thus, post interconn@cta® be described as a metal
interconnect 28 having a “base section” and “sidéwaving a great enough thickness
that via 24 is substantially or completely filledereby forming a post interconnect. As
post interconnect 38 fills via 24, it has a “thielss” greater than the thicknegsot
adhesive layer 23, and thus provides a metal ioterect having improved reliability

with increased resistance to failure resulting fibiermal cycling.

[0032] For each of the embodiments set forth in FIGS.dl&rit is recognized that a
diameter @ and aspect ratio (ratio of height to diameteryiaf24 may affect formation

of the metal interconnect 28 during an electroptatprocess. For a high-density
interconnect chip package where the pitch 16 (Fl§.between die pads 14 is
decreased, it is recognized that a diamet@f @ach via 24 is also decreased in order to
allow for formation of vias corresponding to diedpal4 and the minimized pitch
therebetween. However, while the diameterofivia 24 can be reduced in order to
provide for an electrical connection to die padoi4lectronic chip 10, there are limits
regarding a reduction in a thicknegsof polyimide flex layer 22 (e.g., a minimum
polyimide flex layer thickness of 25 micrometer®jither because of impedance

requirements between high frequency layers or dugirhensional rigidity needed for

10



20 chip package 22 polyimide flex layer or circuit board 23 adhesive layer 24 plurality of vias

pattern overlay alignment. Therefore, a reductionthe diameter dof each via 24

results in a via having an increased aspect raig (atio of height to diameter).

[0033] The decreased diameter @nd increased height-to-diameter aspect ratio of
via 24 makes it harder to fill via 24 with metalrohg electroplating, thereby causing
inconsistencies in the thickness of portions ofahitterconnect 28. More specifically,
the decreased diameter a@nd increased height-to-diameter aspect ratioiaf2¢4 can
lead to a thickness of cover pad 31 being greater than a thicknesd base 34 and
sidewall 36. For example, such as shown in FIGfod,a via 24 formed having a
bottom diameter dof 25 micrometers and a height of 39 micrometaricknessctof
cover pad 31 may be 8 micrometers while a thickiyestbase 34 and sidewall 36 may
be approximately 5.5 micrometers, based on theemhealifficulty of filling via 24 with
metal during electroplating.

[0034] Referring now to FIGS. 6A and 6B, and with contidueference to FIGS. 4
and 5, the relationship between metal interconraizbility and a thickness of base
34 and sidewall 36 is illustrated, with a via gfrifailure percentage axis 40 being
plotted against a base/sidewall thickness axis A2. examples, a via string failure
percentage is shown in FIG. 6A for a 8 micrometgr surface metal interconnect
plating (i.e., a thickness of cover pad 31 of thetahinterconnect) of a plurality of via
sizes, including: a 25 micrometer diameter viabar8crometer diameter via, and a 45
micrometer diameter via, with via string failurergentage being illustrated for thermal
cycling of 750 cycles, 1000 cycles, and 1250 cyclas shown in FIG. 6A, the actual
thickness ¢ of the base/sidewall 34, 36 formed by the 8 mi@tntop surface plating
varies based on the via diameter, with the bas®sitl thickness in the 25 micrometer
via being approximately 5.6 micrometers, the badevgall thickness in the 35
micrometer via being approximately 6.8 micrometarg] the base/sidewall thickness in

the 45 micrometer via being approximately 7.7 nmoeters.

[0035] Referring now to FIG. 6B, a via string failure pemtage for thermal cycling
of 750 cycles is shown for a 8 micrometer top stefenetal interconnect plating of a
plurality of via sizes, including: a 25 micrometdrameter via, a 35 micrometer

diameter via, and a 45 micrometer diameter via,tifi@rmal cycling of 750 cycles.

11



26 metal layer/material 28 metal interconnects 30 top surface 31 cover pad

Additionally, a via string failure percentage ftwetmal cycling of 750 cycles is shown
for a 4 micrometer top surface metal interconndatiny of a 25 micrometer diameter
via. As shown in FIG. 6B, the actual thickneseftthe base/sidewall 34, 36 formed by
the 8 micrometer plating varies based on the vameéter, with the base/sidewall
thickness in the 25 micrometer via being approxetyat5.6 micrometers, the

base/sidewall thickness in the 35 micrometer viadapproximately 6.8 micrometers,
and the base/sidewall thickness in the 45 micromei® being approximately 7.7

micrometers. For the 4 micrometer plating in thensicrometer via, the base/sidewall

thickness is approximately 2.9 micrometers.

[0036] Based on FIGS. 6A and 6B, it can be seen that thestring failure
percentage (i.e., metal interconnect reliabilitg) @ function of the thickness of
base/sidewall 34/36 of the metal interconnect, andndependent from the metal
interconnect plating thickness (i.e., thickneseftcover pad 31) and the via diameter.
That is, the thicknesg of cover pad 31 of the metal interconnect 28 &eddiameter d
of via 24 do not affect metal interconnect reliapil Rather, it is the thickness af the
metal interconnect base and sidewall 34, 36 witten24, a desired value of which is
determined based on a thicknessftadhesive layer 23, that determines reliabdityhe

metal interconnect 28 and resistance to failureltieg from thermal cycling.

[0037] Thus, it is recognized that in forming metal intaroects 28, it is the
thickness t of base 34 and sidewall 36 that is taken into aetavhen electroplating a
metal material onto polyimide flex layer 22 andointia 24. As the reliability of the
metal interconnect 28 during thermal cycling is elegent on the total volume of metal
present within via 24 (i.e., the thickneg®t base 34 and sidewall 36), it is the thickness
t; of base 34 and sidewall 36 relative to the thiskrigof adhesive layer 23 that is taken
into account, rather than a thicknesot cover pad 31 formed on top surface 30 of
polyimide flex layer 22. Accordingly, during elegplating, an amount of metal
material 26 is applied sufficient to form a basea®d sidewall 36 of metal interconnect
28 having a desired thicknesqite., a thickness tqual to or greater than a thickness t

of adhesive layer 23), or entirely filling via 24e(, post interconnect 38) and it is

12



32 additional polyimide flex layers 34 base section 36 sidewall 38 post interconnect

recognized that a thicknessof cover pad 31 may be larger than a thicknedsmeé 34

and sidewall 36.

[0038] Therefore, according to one embodiment of the itisan a chip package
includes an electronic chip having a plurality o gpads formed on a top surface
thereof and a polyimide flex layer positioned oa #iectronic chip, with the polyimide
flex layer having a plurality of vias formed thereduch that each of the plurality of vias
corresponds to a respective die pad. The chipggechklso includes an adhesive layer
deposited between the electronic chip and the padig flex layer and a plurality of
metal interconnects formed on the polyimide fleyela with each of the plurality of
metal interconnects further including a cover padecing a portion of a top surface of
the polyimide flex layer, a sidewall extending dofrom the cover pad and through the
via along a perimeter thereof, and a base conndotdbe sidewall and forming an
electrical connection with a respective die pademn a thickness of each of the base

and the sidewall is equal to or greater than &«tt@ss of the adhesive layer.

[0039] According to another embodiment of the inventiommethod of forming a
chip package includes the steps of providing ailiwafer having an integrated circuit
(IC) thereon and a plurality of die pads formedaotop surface thereof, applying an
adhesive layer to the top surface of the silicoriewaadhering the silicon wafer to a
free-standing polyimide flex layer by way of thehadive layer, and forming a plurality
of vias through the free-standing polyimide fleydaand the adhesive layer, with each
of the plurality of vias extending to a respector@e of the plurality of die pads. The
method also includes the step of forming a pluraidit metal interconnects on the free-
standing polyimide flex layer such that each of gherality of metal interconnects
extends through a respective via to electricallynaxt to a respective die pad, wherein
forming the plurality of metal interconnects funtliecludes determining a desired metal
interconnect thickness based on a thickness ohdlinesive layer, depositing a metal
material on the free-standing polyimide flex laged in the plurality of vias having the
desired metal interconnect thickness, and pattgramd etching the metal material to

form the plurality of metal interconnects having ttesired thickness.

13



40 via string failure percentage axis 42 base/sidewall thickness axis CLAIMS What is claimed is:
1. A chip package comprising: an electronic chip having a plurality of die pads formed on a top surface
thereof;

[0040] According to yet another embodiment of the invemti@ chip package
includes a silicon wafer having a plurality of giads formed on a top surface thereof,
an adhesive layer deposited on the silicon wafed, @ free-standing dielectric layer
affixed to the adhesive layer and having a plwradit vias formed therethrough each
extending through the adhesive layer to a respeaine of the plurality of die pads.
The chip package also includes a plurality of meterconnects formed on the free-
standing polyimide flex film such that each of tplkurality of metal interconnects
extends through a respective via to form an elsdticonnection with a respective die
pad. Each of the plurality of metal interconndatsher includes a cover pad covering a
portion of a top surface of the free-standing pulgie flex film, a base forming an
electrical connection with a respective die pad] arsidewall extending between the
cover pad and the base along a perimeter of thewith each of the base and the
sidewall being constructed to have a thicknessldquar greater than a thickness of the

adhesive layer.

[0041] While the invention has been described in detaitonnection with only a
limited number of embodiments, it should be readitgerstood that the invention is not
limited to such disclosed embodiments. Rather, ittvention can be modified to
incorporate any number of variations, alteratiorsbstitutions or equivalent
arrangements not heretofore described, but whielcammensurate with the spirit and
scope of the invention. Additionally, while varmembodiments of the invention have
been described, it is to be understood that aspddise invention may include only
some of the described embodiments. Accordinglg,itivention is not to be seen as
limited by the foregoing description, but is onisnited by the scope of the appended

claims.
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a polyimide flex layer positioned on the electronic chip, the polyimide flex layer having a plurality of
vias formed therein such that each of the plurality of vias corresponds to a respective die pad;
an adhesive layer deposited between the electronic chip and the polyimide flex layer; and
plurality of metal interconnects formed on the polyimide flex layer, each of the plurality of metal
interconnects comprising: a cover pad covering a portion of a top surface of the polyimide flex layer;

a sidewall|extending oeigindirpansiietcover pad and through the via along a perimeter thereof; ar|
a base connected tq Hirete anpitiagederéatRthiRIpeCtrical connection with a respective die pad;
wherein athickness|glipaeht®f the base and the sidewall is equal to or greater than a thickness
adhesive layer. 2 pluhgiehép piapkage of claim 1 wherein a thickness of each of the base and
sidewall is 3¢ch that aivedume of a respective via is filled by the metal interconnect 3. The ¢
package af glaim 2 Wagpaiackagemetal interconnect comprises a post interconnect. 4. The ch
package df glaim 1 wpskewmdbadxabyenisiecifiextiBysacomprises a free-standing film configured td
support theglectroniGghégive layer

24 plurality of vias

26 metal layer/material

28 metal interconnects

30 top surface

31 cover pad

32 additional polyimide flex layers

34 base section

36 sidewall

38 post interconnect

40 via string failure percentage axis

42 base/sidewall thickness axis
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5. The chip package of claim 1 wherein a composition of the adhesive layer comprises an
epoxy-based dielectric material, an epoxy resin, a photoacid generator, an antioxidant, and a cold
catalyst corresponding to the photoacid generator. 6. The chip package of claim 1 wherein the
thickness of the adhesive layer is in the range of 12 to 25 micrometers. 7. The chip package of
claim 1 wherein a diameter of each of the plurality of vias is less than 45 micrometers. 8. The chip
package of claliM&wherein a thickness of the cover pad is greater than a thickness of the base and
the sidewall. 9. A method of forming a chip package comprising: providing a silicon wafer
having an iMéwratedlairoed (8C) thereon and a plurality of die pads formed on a top surface thereof;
applying an adhesive layer to the top surface of the silicon wafer; adhering the silicon wafer to a
free-standing polyimide flex layer by way of the adhesive layer; forming a plurality of vias
through the free-sthnding%bolymmkm}dwmmaﬁﬁinge adhesive layer, each of the plurality of vias

extending to a respective 1 t i Iﬂml rality. al
interconnects on the free ét%z%o %r@% %839 g&:ﬂﬁgh%tdelgc% ort ura @ %fs ﬁ?ﬁeé

interconnedizesrténds through a respective via to electrically connect to a respectlve die pad, wherein

forming the plurality of m%ﬁg&%‘?ﬁ;ﬁ&gﬁ‘gﬁe @?é?‘ﬁg%i@%ned on_the SFSE‘PBHHH%atHS g/.mraa'

interconnect thickness bas esive layer; a metal
material onftag fayerdtanthggppalyistigeoiesdayermead thetr@qﬂhrﬁttaymdmfhberp@mbtueérrea&netal

|nterconnec(t(§lr‘pgléc?8aasa[8da res eCtIVSpﬁI ig%lg and etching the metal material to form the plurality of
metal interconne aving the esire ness.

an adhesive layer deposited between the electrohip and the
polyimide flex layer; and
a plurality of metal interconnects formed on t@yimide flex layer,
each of the plurality of metal interconnects corsipg:
a cover pad covering a portion of a top surfacéhefpolyimide
flex layer;
a sidewall extending down from the cover pad anduph the
via along a perimeter thereof; and
a base connected to the sidewall and forming awctraal
connection with a respective die pad,
wherein a thickness of each of the base and tresvsitlis equal

to or greater than a thickness of the adhesive laye

2. The chip package of claim 1 wherein a thickredssach of the base and

the sidewall is such that a volume of a respectiges filled by the metal interconnect.

3. The chip package of claim 2 wherein the met@raonnect comprises a
post interconnect.

4, The chip package of claim 1 wherein the polyeniléx layer comprises

a free-standing film configured to support the &lmac chip.

16



10. The method of claim 9 wherein depositing, patterning, and etching each of the plurality of metal
interconnects comprises: forming a cover pad covering a portion of a top surface of the
freestanding polyimide flex layer; forming a sidewall extending down from the cover pad and
through a respective via along a perimeter thereof; and forming a base connected to the
sidewall and forming an electrical connection with a respective die pad; wherein the sidewall

and the base are fermed wbmgr@dnsgmmwmuam@i@mass@mpmm@ aapidgveogi@im 10
wherein formin he sidewall anqé eﬁa e to have the L%ftermlned desired thickness com rlses

forming the § éﬁ’%ﬁzﬁ‘tﬁB%‘é{s TGS AP BT e A AR A BRI 8L bt

adhesive lagatioxidak?, die ansshichedgiaiooAOspbadiiihiopmagdtia gielewatband the base to have the
determined desired thickness comprises forming the sidewall and the base such that a respective via

is completely filled with the metal material. 13. The method of claim 10 wherein forming the cover
pad comprises forging a Theertipghekayrofhvtkineds\gherssn thantiektushine seibésheesigpsyall and
base. 14. .Tr} method o ﬂ{ m 5 Whereln dherlng the silicon wafer to the freestanding polyimide
flex layer cé?n'BrE' S A0HE, gjE %Sthe free-standing polyimide flex layer in a face-down
orientation. 15. The method of clalm 9 wherein applylng the adhesive layer comprises applying an

A A i X A e R

of vias is less than 45 micrometers.

8. The chip package of claim 7 wherein a thicknefsshe cover pad is

greater than a thickness of the base and the siidewa

9. A method of forming a chip package comprising:
providing a silicon wafer having an integratectuit (IC) thereon and a
plurality of die pads formed on a top surface tbére
applying an adhesive layer to the top surfaddefilicon wafer;
adhering the silicon wafer to a free-standing pulgie flex layer by way
of the adhesive layer;
forming a plurality of vias through the free-stamglpolyimide flex layer
and the adhesive layer, each of the plurality eextending to a respective one of the
plurality of die pads; and
forming a plurality of metal interconnects on theefstanding polyimide
flex layer such that each of the plurality of meialerconnects extends through a
respective via to electrically connect to a respectlie pad, wherein forming the
plurality of metal interconnects comprises:
determining a desired metal interconnect thicknessed on a
thickness of the adhesive layer;
depositing a metal material on the free-standiatyimide flex
layer and in the plurality of vias having the dedimetal interconnect thickness; and
patterning and etching the metal material to folne plurality of

metal interconnects having the desired thickness.
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16. The method of claim 9 wherein depositing the metal material comprises electroplating the metal
material on the free-standing polyimide flex layer and in the plurality of vias. 17. A chip package
comprising: a silicon wafer having a plurality of die pads formed on a top surface thereof; an adhesive
layer deposited on the silicon wafer; a free-standing dielectric layer affixed to the adhesive
layer and having a plurality of vias formed therethrough each extending through the adhesive layer to
a respective one of the plurality of die pads; and a plurality of metal interconnects formed on

the free-standing polyimide flex film such that each of the plurality of metal interconnects extends
through a respectia via ?ﬁ?grm%tﬁ]%%eﬂfiémo%ﬂ&‘ﬁ% 23 E&&ﬁ@ gieaB d’?t(SEHP‘Qo‘?"E}‘fQ plurality

of metal intefapensiciakgnopiséngt interconne@souaimdsovering a portion of a top surface of the
freestanding polyimide flex film; a base forming an electrical connection with a res e@tgngfr%iéa pad; and

a sidewall extending bet %ﬂ'ﬂ%%o%‘f%aﬂ 8%8%%%@&%8%& ir%etféqu

standing polyimide flex layer;

forming a sidewall extending down from the coved @nd through a
respective via along a perimeter thereof; and

forming a base connected to the sidewall and fagman electrical
connection with a respective die pad;

wherein the sidewall and the base are formed te lhe determined

desired thickness.

11.  The method of claim 10 wherein forming the widk and the base to
have the determined desired thickness comprisasirigrthe sidewall and the base to

have a thickness equal to or greater than a thekokthe adhesive layer.

12. The method of claim 10 wherein forming the widik and the base to
have the determined desired thickness comprisesrigrthe sidewall and the base such

that a respective via is completely filled with tnetal material.

13. The method of claim 10 wherein forming the copad comprises
forming a cover pad having a thickness greater tharnthickness of the sidewall and

base.

14.  The method of claim 9 wherein adhering theaili wafer to the free-
standing polyimide flex layer comprises adhering $ilicon wafer to the free-standing

polyimide flex layer in a face-down orientation.

15.  The method of claim 9 wherein applying the adreslayer comprises
applying an adhesive layer having a compositicanoépoxy-based dielectric material, an
epoxy resin, a photoacid generator, an antioxigant,a cold catalyst corresponding to the

photoacid generator.
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wherein each of the base and the sidewall is constructed to have a thickness equal to or greater than a
thickness of the adhesive layer. 18. The chip package of claim 17 wherein each of the base and
the sidewall is constructed to have a thickness such that a volume of a respective via is filled by the
metal interconnect. 19. The chip package of claim 18 wherein the metal interconnect comprises a
post interconnect. 20.The chip package of claim 19 wherein the thickness of the adhesive layer is in
the range of 12 to 25 micrometers.

16.  The method of claim 9 wherein depositing theéammaterial comprises
electroplating the metal material on the free-staggolyimide flex layer and in the

plurality of vias.

17. A chip package comprising:
a silicon wafer having a plurality of die padsni®d on a top surface
thereof;
an adhesive layer deposited on the silicon wafer;
a free-standing dielectric layer affixed to the esliie layer and having a
plurality of vias formed therethrough each extegdihrough the adhesive layer to a
respective one of the plurality of die pads; and
a plurality of metal interconnects formed on theefstanding polyimide
flex film such that each of the plurality of metaiterconnects extends through a
respective via to form an electrical connectionhwat respective die pad, each of the
plurality of metal interconnects comprising:
a cover pad covering a portion of a top surfacethef free-
standing polyimide flex film;
a base forming an electrical connection with aeespe die pad;
and
a sidewall extending between the cover pad andbdise along a
perimeter of the via;
wherein each of the base and the sidewall is aactstl to have a
thickness equal to or greater than a thicknesseo&tihesive layer.

18.  The chip package of claim 17 wherein each eftthse and the sidewall
is constructed to have a thickness such that an®lof a respective via is filled by the

metal interconnect.

19.  The chip package of claim 18 wherein the mietakconnect comprises

a post interconnect.
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20.  The chip package of claim 19 wherein the thédsnof the adhesive layer

is in the range of 12 to 25 micrometers.
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