WO 2011/ 103211PCT/ US2011/ 025124 PANELI ZED PACKAG NG W TH TRANSFERRED

DI ELECTRI C RELATED APPLI CATI ONS [ 0001] This application clains the benefit
of U S. Rwownsiosah Application No. 61/305,122, filed Februsey1/b65122010,
which is incorporated herein by reference. TECHNI CAL FI ELD [ 0002]

Enbodi nment s i i I i i zed
packagi ng. ?@%@%W@?ﬁyﬁﬁgmﬁa@@?ﬁp@%m?d packagi ng
gai ning acceptance in industry is fan-out wafer |evel packaging (WP) in
which nultiple die units are placed face down on a tenporary tape carrier.
The mul tip i its tenporary tape carrier are overnolded with a

nol di né‘M@ﬁr@ﬂd@Tw%npressi on nol di ng process. After nolding the
tape carrier is renoved, |leaving the active surface of the nultiple die

uni ts ¢000d$dtisiapplecasion clatmsrtbe barwfioof .St Bfosisiand] Applaatien Ne.ddn¥)5i 20 &ldd waf er .
Subsequently, a wafer level chip scal e package (W.CSP) buil d-up structure
s Tormeghual (ORiRf whith if REARSLId ks URfRlenBal | orid array (BGA) balls
are attached to the reconstituted wafer” and then the reconstituted wafer is
saw singulated to formindi vidual packages. It has been observed that the

die unit placenent and overnol di ng processes nmay cause di spl acenent and/ or

rotation of the die units, resulting in defective packages and yield | oss.
1 TECHNICAL FIELD

[0002] Embodiments of the present invention relate to the field of panelized packaging.

BACKGROUND

[0003] A common implementation of panelized packaging gaining acceptance in industry is fan-
out wafer level packaging (WLP) in which multiple die units are placed face down on a
temporary tape carrier. The multiple die units and temporary tape carrier are overmolded with a
molding compound using a compression molding process. After molding the tape carrier is
removed, leaving the active surface of the multiple die units exposed in a structure commonly
referred to as a reconstituted wafer. Subsequently, a wafer level chip scale package (WLCSP)
build-up structure is formed on top of the reconstituted wafer. Ball grid array (BGA) balls are
attached to the reconstituted wafer and then the reconstituted wafer is saw singulated to form
individual packages. It has been observed that the die unit placement and overmolding processes
may cause displacement and/or rotation of the die units, resulting in defective packages and yield

loss.
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DESCRI PTI ON OF THE DRAW NGS [0004] Figures A - 1IN illustrate a nethod of
form ng awbantiows21W.P, in accordance wi th an enbodi nent pafi/ush@1peazent
invention. [0005] Figures 2A - 2L illustrate a nmethod of form ng a fan-out
WLP, in accordance with an enbodi nent of the present invention. DETAILED
DESCRI PTI ON [ 0006] Enbodi nents of the present invention disclose nethods
and st i i kagi ng, such as fan-out WLCSP. In
t he foWr@ﬁ%{ggEfﬁﬁﬁ @%Pﬁgnﬁ@%odi ments are described with regard
to single die applications. Enbodi ments of the present invention may also
be usel@04] KigwdstliA- i N illustrateasneshoddrferninghifamaeutoMLBf indieordande pabsnve
conmponents (such as a capacitor, inductor or resistor) and/or other

CoNMPoNeRbEdinRHES tRSpRieneRivean, €l enent, connector or other electronic
conponent) within rmdul es. [0007] In the foll OWI ng descri ption, numnmerous

zompos HBTER 73 o Bk by BRRER o MEOP i MRl ERghan

under standi ng of the present invention. In ot her i nstances, well-known
pr oces sebodimennefribe pietent invgnticdehni ques have not been described in

particular detail in order to not unnecessarily obscure the present
invention. Furthernore, it is to be understood that the various enbodi nents
shown in the Figures are illustrative representations and are not

necessa{ Iﬁfgﬁ @@ﬁﬁ [0008] The ternms "over", "between" and "on" as
used hzfrﬂéf%l Eﬂf Qﬁati ve position of one layer with respect to other
| ayers. One | ayer deposited or disposed over or under another |ayer nay be
di rect |[9)0(h6h Ea@ﬁthatemts\mf the prpsEnbinKtion disslospiethags HghsErueress & i
intervening | ayers. One

panelized packaging, such as fan-out WLCSP. In the following description, specific

embodiments are described with regard to single die applications. Embodiments of the present

invention may also be useful in multi-die modules or some combination of die and passive

components (such as a capacitor, inductor or resistor) and/or other components (such as an

optical element, connector or other electronic component) within modules.

[0007] In the following description, numerous specific details are set forth, such as specific

configurations, compositions, and processes, etc., in order to provide a thorough understanding

of the present invention. In other instances, well-known processes and manufacturing techniques

have not been described in particular detail in order to not unnecessarily obscure the present

invention. Furthermore, it is to be understood that the various embodiments shown in the

Figures are illustrative representations and are not necessarily drawn to scale.

[0008] The terms “over”, “between” and “on” as used herein refer to a relative position of one

layer with respect to other layers. One layer deposited or disposed over or under another layer

may be directly in contact with the other layer or may have one or more intervening layers. One
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2 SUBSTI TUTE SHEET (RULE 26) WD 2011/103211PCT/ US2011/ 025124 | ayer
deposited or di sposed between | ayers nay be directly in contact with the
| ayer s orwomyil@sH1one or nore intervening |layers. |n ceorns3e1/0a51k4 r st

| ayer "on" a second layer is in contact with that second | ayer. [0009] In

an e”b?ﬂﬁeﬁﬁ‘és)bmte% o‘?@[&ﬁbée@%@tv&%ﬁ K&%rgl% rhzﬁ/ H‘e&ﬁ&%@ﬁm%nﬁkta&iﬂﬂ%e@aylétsLHr%dyt y of die
units fac wnonadlelectrlcfl m" whi ch | am nat €éd on a’tenporary

carrier substrate.. The dielectr hen cured | ock the plurality
o IR 6 o Aot TR BE T ol HER SN s OF | FENGHERHIOR B PAGEbbLe.
During cure changes occur at the nolecular level in the dielectric film

mat er | alithih@seconfidayeschani cal properties of the dielectric film
substantially fully develop and the die units pernmanently adhere to the

resul t 6009] t@t@erﬂb(ﬂhrﬁeﬁra Fanklize@patleRe idird@ed PO adiR€a PREAlIE S @6 uhitl faéd al s

enpl oyed curing may be a5500|ated mnth Cross- Ilnklng The plurality of die

units are the on th ectrlcfl rrent

encaps drie B SEHTRCR 0w AReb  Brt i by bl a8 SRR o Compr essi on
nmol ding. In an enbodi nent, encapsul ation may be perforned by a | am nation
pr oces sickgtie fds w&@n@quaﬁiwktthmuraeefcé@wmtﬁ én plagg, sindeyngthe dickectirsi filsr have

been | ocked into place prior to encapsul ation, displacenent and/or rotation

of t he nbaghstbihkakalidé. eDud GiréehanBe deedtus e Holedung 1enRE aRae HRidceit fimer e
di spl acenent and/or rot ation of the individual die units can be probl emati c

due t 0 BEERPURER FFLbAR QR AMBlse o WHkehis ) SERRGA P L e

substra rom Bvel chi p
scal e package (W.CSP) buil d-up structure may then be formed including the
rigi d, dieumndtd perammenthiasiisredp ﬂteé@&utta@ rigiq dielgpitis ilmaPependbg ypsndeapaitiularzi ng a
mask- Iess patterning technique. [0010] It has been observed that die unit

pl acenegiterabtngieRATulifd man bprR6ESE withicrasoMiviRing] TheplupiliOF efsdie Oits are
t echnol ogi es may cause di spl acenment and/or rotation of the orientation of

any of ¢ elﬂg ?%Htﬁlgt!eh EX tl%fdla &rit! ﬂlntl STodh e%l:;o%ﬂ:gt%[t ah %ptsglﬁﬁ%f @8{1 P% Ec@JJ%h gymay be

attribu e uni s hot bel ng rigi errpo ary

tape carrier, deformation of the tape canier, as well as 3 SUBSTI TUTE SHEET
(RULE gg))vermoldmg process such as compression molding. In‘an embodiment, encapsulation may be

performed by a lamination process such as vacuum lamination. Because the plurality of die units
have been locked into place prior to encapsulation, displacement and/or rotation of the individual
die units may be reduced during encapsulation where displacement and/or rotation of the
individual die units can be problematic due to pressures exerted on the individual die units. The
temporary carrier substrate may then be released from the dielectric film. A wafer level chip
scale package (WLCSP) build-up structure may then be formed including the rigid, cured,
continuous dielectric film which may be patterned utilizing a mask-less patterning technique.
[0010] It has been observed that die unit placement and encapsulation processes of conventional
processing technologies may cause displacement and/or rotation of the orientation of any of the
plurality of die units on a temporary tape carrier. This may be attributed to the die units not

being rigidly attached to the temporary tape carrier, deformation of the tape carrier, as well as
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WO 2011/ 103211PCT/ US2011/ 025124 shrinkage of the encapsul ant during curing
of the encapsul ant. The inpact of conventional nethods utilizing a

t enpor ar ywoapa/wazmi er is either yield | oss due to m salpcgruseorti/oefi2fir st
vias to the die unit bond pads, or the addition of sone internediate form
of bonghlﬂﬁﬁgé &f thObihdaPeildn didd é{ﬁin‘g@? e e‘h@iﬂghlﬁm e i&ﬁad%’@ﬂ@dn'véxﬁfdn@ln) to neke
| arge bond pads as targets to ensure the first vias make connection despite
die unit vepent. As a result, conventio rL0cess. technal o requires
Chat _naiRERGLTARE ¢ Kt Fife ber ER Py R oD R DA R S AR o

| oss fromthe panel, thereby reducing the application space for WP

t echnolthegic wpio pags oadecwdising ef sinchintsmied pedprsoidfont iped rerrwvang ini nvent i on,
a continuous dielectric film such as a |l am nated epoxy film can repl ace

bot h t gt eaNITSN RFM (pricrEs pdrefitlon’ RRRalRNE ct Bond pads bs fiRt@6ehdife tha¥est i n the
buil d-up structure. This has the potential to reduce cost and process

steps. Locking the.plurality of die units in place qn the continuous

ai of et FRESE PrtrgFid S Bledi uBLoPifndl Wiy Pull 25T OarTefSite andl or
rotation of the orientation of the individual die units within a panel or
reti cultesheelogafeanirgstibitdpyd pads winmag dipgnisy berlegacihagngsgerage axsid e sy el d

| oss caused by m salignnment of the die units during panelization and

al | owi f@nf @E panesThdrbiey rebauish MadpsiRanbmpaontor WLRlieehnolbdys. Epoxy is a
suitable material fromwhich to formthe dielectric filmbecause it may be

cured I th ur-al i ' ni I ce | s Se a

ci i1 oA ES]ack iR i thdofihol & MEbASH PBhGSEs Al RLERRRAERNIRL D) o
QO her materials having suitabl e adhesive properties for |ocking the

pl ur al isesh asfa lgninagd iepexy inp rrEpheebeth she tewperaip pastibigialaphandibe firsrent s of
t he invention such as, but not limted to, polyimde and silicone. [0012]

| n anodidctrasipRetin thehidivpenrtcuef ThReapirperhtiAlny efutOfosdamicirosss sgishods  of
panel i zed packagi ng which may utilize | am nation techni ques. For exanpl e,

| am nati ' - uni t.hi : - -am.nated dj ic film
aor 050 SR AES ARYER aled B SRR GRS el I B SRR 1 o
be subsequently. renovable fromthe tenporary carrier 4 SUBSTI TUTE SHEET
(RULE 28y redyee dpyplaseraesy andbermotadon ofi the o5 entation af ke individuakdig upisy witkippar

enbodi ment, a B-stage cured dielectric filmmaterial such as a B-stage
cured epxyr rEtdntedvates theashyredianhtmn oo rddoeing pagkagausyermbly fyicdd losubsbedtiye. A
B-stage cured material is comonly one in which alimted reaction between

Sl L A SRR R LT G

on the die units. Epoxy is a suitable material from which to form the dielectric film because it

may be cured to lock the plurality of die units in place, and also because a similar epoxy can be
utilized as an overmolding or lamination encapsulant. Other materials having suitable adhesive
properties for locking the plurality of die units in place are also contemplated with embodiments

of the invention such as, but not limited to, polyimide and silicone.

[0012] In another aspect, embodiments of the present invention disclose methods of panelized
packaging which may utilize lamination techniques. For example, lamination may provide for

uniform thickness of a laminated dielectric film across a temporary carrier substrate. A

laminated dielectric film may also be subsequently removable from the temporary carrier
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the B-stage cured material may still be fusible. The B-stage cured materi al
may be final cured by additional exposure to heat and/or radiation, where
t he net wowb 20my10bcone fully devel oped (e.g. cross-|inkedx/useeigioesiand

non- phot oi mageabl e. Final curing nmay al so be acconpani ed by noderate fl ow.

[ 0013] ssiii@hied 1B pARORaCAHIRMAIHER] £81Tao€ chirkdl Hie[E%Er%rﬂlﬁll mﬂ@ﬂalrsﬁélﬁdsrh Bdiesi ve
properties (tack that aSSI st vmth retal ning the | ocation of the pI arality

of die units durin the pluralit |ts

i el ecEPRE pomiradi T REEPTE R s Ay er s et aanrbEs e Pesr ¢ o

| ock the plurality of dle unlts in place. As a result, the | am nated

di el ectis¢ommhorlyroheinrvauctf a bimited Basttmnd?@twn@demammadennabasetad@mpdacea@s| rabl e
planarity after across the panel after cure. Additionally, as a result of

the pl an@tietivat@ial id18 adoBd Saferwith fartidNyetd|86R depARk \Mehiltufedd® Blthisddate y of
die units are placed, a dlscontan|ty does not exist in the dlelectrlc f|Im

adj ace he ed e di ct| fac

Che-ar e i e ST picraf areufl F0up Brern 36 B S Yl miler Emante FHLCERIRS ar e
pl aced are both in the sane plane which may be beneficial for device

r el i abiafldifignakexpasers te hesh aed/oidediatiom athicrsrihel betivatk mey Became felbnddveloped y
testing, or nmounting to a notherboard or other product. [0014] Lanination
may al $0g hgosllinkéd eflitl an@ N2 plEdtbiatagedbite Mhdlicalind aPhlsélbeadeBinpsni@dby h
dlelectrlc film For exanple, vacuuntencapsulatlon can be utilize mnth a
B- st ag (ﬁ%ﬁﬁﬁho oxy of simlar or identical conposition as the dielectric
film ‘t, the physical properties such as coefficient of thermal
expansi on 5CTE) har dness and el astic nodul us or wei ght percent of filler 5
suBsT! 19181 SprErB(stage curpd fielgotriiilny maspal nrymeaspathesivopepytipn(tackethatini nat ed
encapsul ant layer and the dielectric filmcan be closely matched or

i dent i agist witheeayhg thprooxtidhdbftiepluntiggsfidie/urtifs dtlhﬁg platahenpafthaghsality bf
addi tion, singulation of packages having simlar or identical conpositions

for th i h&

o PR B e 7 %ﬁ%ﬁéﬁ%&@@%ﬁﬁt i ‘gﬂ&b@% R L s
2A-2L il lustrate nethods for formng a fan-q WL.CS whi ch a per manent
di el ecPrrdlity pf die ugitpigplacendd adeﬁﬂlttn@eﬂaﬁ@nat@qi ﬁlﬁt%w ftitﬂ fatrtl%irﬁﬁ%&l RESBER | d- up
structures in accordance with enbodi nents of the invention. Figures 1A-1N

i |1 ust catee naverahinadexiabit desirabloiptinadtyrag@i sdrods bt panal dfey evre( Rolitiohalpces of t he
buil d-up structure is forned over the dielectric film Figures 2A-2L

illustr i ﬂiéﬁe ure is
f or med \?ﬁgs'?l %ﬁt@[ﬁ&ghgpetcﬂtlérQS%F%&\S/%SUQ%%g%l {?lll%ﬁj an Iah{aslr%ges may be
made to the particular, build-up str cture |IIustr e udi.ng,. but not
li mi t e@laCe, AGiCPRINEY dpesnat Grisin e Helpefie ?ltwé Jaseat @&eﬂg Mlgu@ﬁd devi ce
i nt er connect traces, which may or nay not be associ ated vvlth t he RDL

t r aces AcBudmgiykiei actieq/ﬂnfabui df dheudie stitsumt tieedieleetric figm wtiifdde zpadn iwhichoheh

si ngl e-di e package applications as well as nulti-device nodul es.

Accor di nat AN, and

Fi gur e o L A Pl A E e o o
restrlctlve s nse Q016] Referrin ure . 1A, in an enbodi t, the

br oces SUGIHG T HFH R RS HOurdr seii EY TRk POPRLaE O ATHIFPar i or
substrate 104 In an enbodi nent, the dielectric film102 is lamnated to

t he t ewpotharyodat.ri er substrate 104. Such a |lami nated dielectric film 102
may be uniformy applied across the tenporary carrier substrate 104 and

al so b%ﬁlﬁ?ﬂhﬂﬂqaﬁ@ﬁﬁﬁ atgb %e (iRMRItHBnda ﬂﬂ’aﬁé ﬁfeél&@l‘it 'o?ﬂleﬁﬁth%ﬁ BeQlictQdiat a
| at er stage. or exa e, lamnation erfo by rolling under heat

and pr Filn. %or examp er Vartrc?ﬁlrr}loe%%aposfﬂa? (t)rg &h entglhzecf'\ wgft ngesCtEtgreI c%rgdl elpronxy:L gtz s1mqar
or identical composition as the dielectric film. As a result, the physical properties such as

coefficient of thermal expansion (CTE), hardness and elastic modulus or weight percent of filler
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6 SUBSTI TUTE SHEET (RULE 26) WD 2011/ 103211PCT/ US2011/ 025124 tenporary
carrier substrate 104 are al so contenpl ated such as spin coating, printing,
and spraywo@o1f82i7] In an enbodi ment, the dielectric fipcmubs@1iozsikor ned of
a material such as an epoxy, polyinmde or silicone in which the nmechani cal

proper i @3 19hinhe eﬁ%bﬁﬂirﬁhay@f dSHOSERBc FHihYeah Y LllSséi?MFa{cﬁ@@Qr B¥ntHr i NG.
Dielectric film2102 may be forned of a printed circuit board (PCB) prepreg

material . .For exanple, dielectri.c film 10 ..be formed of a partially
cur eq. Tstatb et HENE il S ifapopifer i Mhlnt liion bl oG 1 5
enbodinment, it is possible to lamnate the dielectric film 102 at

t enper davngsingiagei iflergwak doynpositions fioh thegliclentria filmaid éneapsukanpwapbar e (Tg) of
the resultant fully cured dielectric film102. For exanple, a dielectric

fi 1 m 1@&otiael wiihnedreBcRibpide of 8é18dingRehbetwaan Igera resul tant film Tg of
approxi mately 140-190 C can be vacuum | am nated at approxi mately 100-130 C.

D el ectxd i1lm1Q2 e 0 ug, .pr.alternatively.at |eas pally

tr anel S00IR) FlepBedAF L9 BB R AR B ute bERRA L Fotoifen AL PPECSAR oy o
material s such as, but not limted to, steel, glass, and ,sa%p,hi re which are
rigid ehaghpansananpdigtseticdibiniinpatiernpdiskisng detfomition egaliyestiae bed-uvand

rel easable fromdielectric film 102 after the nolding operation. In an

enbodi RBidtured fhenceldrEhiRe twithCentodénss & th@inShtidnC Ftgest IN-CK ill@hdetdae t emporary
carrier substrate 104 is approximately 2 mmthick. [0018] Referring to

Fi gure . ur al. it i [ n sur

i o1 oo eas el Bl Y Blhfiol Db AR i B A BRPR Sl RGP aver 1 ac
machi ne, and the dielectric film 102 nmay be cured to |lock the plurality of
di e unithedi¢legteic flracBigares 2Aelle iusigate pq @ﬁéocbmélllté@whil‘-‘él FRPtragpof tﬁhb@lﬂ' may be
render ed non- phot oi rageabl e by the curing process. Curing may be perforned

dur i ngupktradtiielis fraeewihin thhdicReyic fiempanfioiymedibyatkny afd eafgdfmdyEiehod such
as thermal, ultraviolet (UV), or mcrowave curing cycles until the

L PR S T T -
(RULE %t?l)lctures with multiple dielectric layers and device interconnect traces, which may or may not

be associated with the RDL traces. Such multi-layer build-up structures can be utilized in both

single-die package applications as well as multi-device modules. Accordingly, the specific

embodiments illustrated in Figures 1A-1N and Figures 2A-2L are to be regarded in an illustrative

sense rather than a restrictive sense.

[0016] Referring to Figure 1A, in an embodiment, the process begins with attaching a dielectric

film 102 to a temporary carrier substrate 104. In an embodiment, the dielectric film 102 is

laminated to the temporary carrier substrate 104. Such a laminated dielectric film 102 may be

uniformly applied across the temporary carrier substrate 104 and also be readily releasable from

the temporary carrier substrate 104 at a later stage. For example, lamination can be performed

by rolling under heat and pressure. Other methods of attaching the dielectric film 102 to the
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WO 2011/ 103211PCT/ US2011/ 025124 material, and is final cured at tenperature
sufficient to fully cross-link the material, typically above the resultant
Tg of thewbiznal1082med dielectric film 102. For exanpl e, paTdisedieoesize film
including a B-stage epoxy having a final cured Tg of approxi mately 140-160
C may lagnsoiir§dadier APRIRX 1 0RAB %o LéMefplated s8éh KBRAABRS, pridiigd @gdric film
102 has a fihal cured Tg greater than or equal to 190 T In an enbodi nent,
the dielectric film 102 includes greater than 50% by weight, of a
particiP'@'88ceramic filler such as silica. In an enbodinment, the dielectric
film 102 includes 60-90% by weight, ceramc filler. In an enbodinent, the
di el ec{001@] {1 amemigimeny, thedelegtricTEmok021g for@ee phd Bagtiak wolras agpexnt ur e, such
as approximately 12 ppmiC at roomtenperature. In an enbodi ment, curing

achi evegslyaiaeghsiaediRsh MMidaehd@ethahi8l HbRhreGtdt it hitkial h@&2sudhehtRillyFally ty of
die units 106 to neet first |evel package reliability netrics such ‘as

del am nat i, on ,durin i sture..s itivity testing, . or.mountin a

ot ner Doy s BiehtienirRR sy b bRy bRy e B Bl 71 o 102,
the plurality of die units 106 on the dielectric film 102 are encapsul at ed
wi t h aRrepregapaeliantor ayeyplel dglegsici filudRmagydit formad of wrpartio@ty suisH, Btage t he
plurality of die units are encapsul ated by the encapsul ant |ayer 108 and

di el ectfileg ef)é)dt)@hrﬂdlﬁay {AdridB adENGRPENER)] BNan drilSodiBEMOIE RPosHIEE td Rmisddst r at e
104 prevents flexing or novenent of the cured dielectric film 102, and the

cured dj el J 6L | . rall of,.i.ndi vi. du | its in
pl ace, ehdelglg‘tbdi’}& :ﬁ}rr%rl i\:}at#gl%g%}lgt&ﬁ%g%ﬂﬁ\lﬁg {I%f ﬁélé‘&éhep%%sé Itrqgsrlﬂér%ett%%ng gliag]tréé@l fer.
As illustrated in Figure 1C, in an enbodi nent, the active surfaces of the
pl ur al iof thegesubipnd fglhy ¢used diglegtyie il 2 aHes examplet p distectiicttAm HE isdvdiag @ Bof t he
encapsul ant |ayer 108 on dielectric film102. [0020] In an enbodi nent,
encapsuylagé twed egoxpeatiap aeekuliynt ainrnq\g&rfrmp4>ldkimg1t¢1y 04® 390 Kedn RSvac@IHRr €SSi on
nol ding with a noldi ng conmpound, The nol di ng conmpound may be a powder

i ncl udi V. [ i ( - [ ihg may
be per Itl %I?Irr}%g&)gttap g%%?@%?lﬂgto Qﬂ@b ig'oﬁl?l?cgﬁ){:%@p@%ﬁ%b%{@%%@‘gg&wg o%?y resin
i ncluded in an encapsul ant |ayer 8 SUBSTI TUTE SHEET (RULE 26) WO

2011/ 163stpepcty tspgduaens 2 Eemperay gagisy subgtrate d Dhemay b fosmed ghe yigtaelel y 140- 160
C. In an enbodi nent, the nol ding conpound includes greater than 50% by

wei ght maodrials qoelr &9, bud ot Emdted aoyseelf gladseiindsdapphireswisich areaigid enoaph esiodi ment ,

t he nol di ng conpound includes 60-90% by weight, ceramic filler. In an

enbodi : i : i ~ ppn C
oo e duliigy Lbeucfih R TRElth SRR R G e ST o P 1
is also contenpl ated that oyvernolding in accordance wth enbodjnents of the
i nvent i le&ﬁp%@%«dl%%?méwﬁ@eo& the d&gffrféﬁw Hode 5@&]@@%&@4@@? the poxy
nol di ng, transfer nolding, screen printing, and injection nolding. [0021]

| n an emymdirgenticr as@aps U04aisiapproxsngpey Panmekichy vacuum | am nati on in which
final curing may be performed during or after lamnation. Simlar to

di el ectgg i : T S : L | - red
e L A B e R R S
and enc; t layer 108 may be forned of identical terials or.materials
i g TR RaIPT GG BY SEHEBER Peband D Pl lth Ttk BiecHont ARleST Ul 106 may
allow for the use of a printed circuit board (PCB) prepreg material sheet,
and nmay0beay bk aticd &4 ock twepluralatytof Hivamits njteplacoon e kcdiedgigidtietecalcdilm

Lam nation perfornmed under heat and vacuum can take advantage of the

fusi bl gt GAHIR indybd renaded %@Fmﬁm%@&@@@bfﬂae ehifBhi8dsdl Chinengapsul ate the
plurality of die units 106. Tn addition,” because an encapsul ant | ayer 108

conmponent. is B-stage cured it is possible to,encapsul ate at .a tenperature
wel T berdaimeAdurhpds o EiipBierigy 67 FRE Se Retin BRa RagLo eI heH o per f or m
final curing after the encapsul ant |ayer 108 has been forned/ shaped around
t he pl dhreamnilt yltofiolit UVihior :idroGave quriap cyeltsaditihvthetdjel¢camnd film il Ghis meyd dndcl ude

pl acing a sem -cured encapsulant film(e.g. including B-stage cured epoxy)
over t Rgpspinhi érbds-1fkedli B ankAERG QRelbAIBC filth €00 RicRUECE BisgaghepdRy102 and
appl yi ng heat "and pressure under vacuumto the sem -cured encapsul ant film
to form shape encapsul ant | ayer 108. For exanple, |am nation may be

performed at approxinmately 130 C and 30 kg/cn2 for an encapsul ant |ayer 108
havi ng a final 7
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9 SUBSTI TUTE SHEET (RULE 26) WD 2011/103211PCT/ US2011/025124 cured Tg of
approxi mately 140-215 C. In an enbodi nent, |am nated encapsul ant | ayer 108
i s fornmedwvof2m/mwetieri al having a final cured Tg greater pChas2an/oegjoal to
190 C. In an enbodinment, the lamnation filmincludes greater than 50% by

vei ght 3460 1AS 1s@1‘a99u'fé@£t t&nﬁ&ﬁﬁﬁe%‘ﬁkﬁé&t@@ﬁﬂl@cﬁosphhk ﬁ{e rRAtEHh] & zp@ﬁl}l ca. In
an enbodl ment, the final cured | am nated encapsul ant | ayer may have a

CTE of bt B BRTLG Aol f OBk RS DR, G aRifh MoRRR R, IR Fr@&t%ﬁ%ﬁ%‘r pprt € at

| am nation at a tenperature sufficient to fully cross-link the encapsul ant
mat er i aicludingd Bakdgg eptroviavinige fimabeuredihg ofr@pmmmh@lyf 140a160c Grreay teravisgelsatl ant
| ayer 108. [0022] The tenporary carrier substrate 104 may then be rel eased

from t lgprakieda@ay 176°d. i Innn BB odisnent, ldisdctad Bieh 102 s 4ing] dded T € géhtedthbhr
dielectric film 102 attached to what is connDnIy referred to as a panel or

encapstiiints HBT b AGHHYRE Wil ikl (e By Oty Bosithtques

such as UV irradiation, peeling, |aser release, etching, and %hlndln
[ 0023] oRepatieilalg cerpmig @UﬁréuqlEas siliaas {n preeabodimenthibe é@lemm fibey | 2Heeludes f or med
in dielectric film2102 utilizing a mask-|ess patterni ng techni que such as

| aser @bloavd, 80 weldht, dBra@fi®AHEIEMbn ethb&difen e id@lechic filind $02 heydvediGTIef es
110 exposes a bond pad (not illustrated) fornmed on die unit” 106. First

oL PR S TR A TR Pl PTGl ok T

transl ucent. In accordance with enbodi nents of the g}cesent i nventl on an
opt i caln prSpdmeN, fuIEachicyesrEnaBgh asibesiobatigeribe dislachicdm 13 and abuialdy t he
true location of any or all die units 106 after renoval of the tenporary

carri eof 8idhalts Bietolhkbt fint evellpaekabBrelhdilipy imefrick Sudhhe délamimition dudig t he first
| evel via holes 110 illustrated in Figure 1E. If the true |ocati on does not

mat ch g%oné?ﬁ?e@ tﬁfl@f@sﬁﬁg q‘?eveﬁﬁﬁé {%”ahm @gﬂ%%%rég%r 81'1 ton and/ or

orientatron o Irs the other features
in 10
[0019] After curing the dielectric film 102, the plurality of die units 106 on the dielectric film

102 are encapsulated with an encapsulant layer 108 as illustrated in Figure 1C such that the
plurality of die units are encapsulated by the encapsulant layer 108 and dielectric film 102.
During encapsulation, the temporary carrier substrate 104 prevents flexing or movement of the
cured dielectric film 102, and the cured dielectric film 102 holds the plurality of individual die
units in place, thereby improving alignment within the panel or reticulated wafer. As illustrated
in Figure 1C, in an embodiment, the active surfaces of the plurality of die units 106 are
substantially flush with the surface of the encapsulant layer 108 on dielectric film 102.

[0020] In an embodiment, encapsulation is performed by an overmolding process such as
compression molding with a molding compound. The molding compound may be a powder
including epoxy resin and filler(s). For example, compression molding may be performed at

approximately 170 °C to completely melt a powder epoxy resin included in an encapsulant layer

8
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SUBSTI TUTE SHEET (RULE 26) WD 2011/103211PCT/ US2011/025124 the buil d-up
structure, may be adjusted for any of the individual die units as descri bed
i n co- permionglidosiied States Patent Application No. 12/ 8P6&TABR3)11i0zx104 por at ed
herein by reference. [0024] A barrier and/or seed |layer 112 may then be

formed 198’ﬁ£v1ﬁ§1§f1§ﬂt"ﬂg" & a p&b&ﬁ%@m@o ‘1\66 "’U N[n ahre%{bohﬁi’e%l thd ﬁol‘&ﬁlgec%m})%ﬁ’ncﬁs
illustrated in Fi ure For ekxanple, layer 112 may |nc udea Ti, Ti/Wor

Thi cic i bl“cﬁeaﬁ%tﬁb Q%di’? Y6lanCor SRBTP R Retls Alcrsbd FsMiEaodt tnéginf ors

thick. In an enbodi ment, layer 112 can be formed by sputtering. [0025]
Ref er r iemgodioch, herneold g camphmn@sd®t60+9é)>7e by Wedghteograntie fillpe Ihenmed over
| ayer 112 by a suitable nethod such as |am nating or spin coating.

Phot or @mibsdinleatd/ @fe finhficuFBY mbligil denpoahd E?ﬁ@'vet oCTRoLM RPR Rﬁ)ﬁﬁ@% Rstint €r n
openings 116 as illustrated in Figure 1 atlng nay then followto fil

t he openin 110,, 116 wi t.h | evel via tribution
| ayer” CRet Ty en et uball ARy R iy BB 11 B 2P BRI s
communi cation with the active surface of the die unit 106. In an

enbodi weermoldipginfaceeydance wath epibpdivagng of th@inzeidiorpan be aesemphighed mathcdhiser . For
exanpl e, the plated | ayer may be greater than or equal to 2 mcrons thick.

Pat t er Rgthddk Oichrae $igeid e?;aqély A daﬁske}firﬂﬁgdﬂagrsue@ﬂ@n@fﬁngbaﬁd inplefisepdldimyer 112
are then renoved as illTustrate |n Fi gure Renoval of barrier/seed | ayer

112 ma (Hﬁllf ?h %lé i e ej[{t eqllég%sufaﬁg gieﬁk Hl?es acﬁ%%a%lﬁg 11&&%1? th{ ?026]

Referri con yer over the
patterned dielectric film 102 and RDL traces 120. In an enbodi nent, the
second Cpitg/may b pgrtarmed dusing qrofteplaminadienaSishby & dalgelss fidmiR2 cqncansulddich as
pol yi m de, benzocyl obutene (BCB), pol ybenzoxazole (PBO, etc. The second

pol ymeflayeAYEd cah2iclidRya BRRBe b@ePatatceianad ddditibeslmileAENI NS edhBdditrenexpose RDL
traces 120 as illustrated in Figure 1K, Openings 126 may al so be fornmed to

crPose SRS REAMRhERLAL SRR b B g B g =

having similar physical properties. Lamination of encapsulant layer 108 may allow for the use of
a printed circuit board (PCB) prepreg material sheet, and may be relatively lower cost than
injection molding materials. Lamination performed under heat and vacuum can take advantage
of the fusible (compliant) nature of a B-stage cured material to encapsulate the plurality of die
units 106. In addition, because an encapsulant layer 108 component is B-stage cured it is
possible to encapsulate at a temperature well below the final cured Tg of the encapsulant layer
108, and to perform final curing after the encapsulant layer 108 has been formed/shaped around
the plurality of die units 106. In an embodiment, lamination may include placing a semi-cured
encapsulant film (e.g. including B-stage cured epoxy) over the plurality of die units 106 on the
cured dielectric film 102 and applying heat and pressure under vacuum to the semi-cured
encapsulant film to form/shape encapsulant layer 108. For example, lamination may be

performed at approximately 130 °C and 30 kg/cm® for an encapsulant layer 108 having a final

9
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WO 2011/ 103211PCT/ US2011/ 025124 utilizing suitable photolithographic
techni ques. Layer 122 is not |imted to polyner materials, and may be
formed ofwothawviosateri al s havi ng suitabl e diel ectric an#CsTaskeng2s124
properties. [0027] As illustrated in Figure 1L, solder balls 128 may then
be applkiied TR\ hp BLinfEd $4H2 BT I [aRg eﬁﬁao@hﬁ%n%&ﬁt@&@&aﬁl@mt Reterosiing to

Figure 1M indi Vi duaI packages may then be singul ated ustrat ed in

Figure.l si.n uI at inclu cut of o | ect m 102
g endapfedebAMGs! P L npR gt el Ogﬁauaéi%wcgﬁmw bl 152 o
not extend to, and are not flush mnth the |ateral 8es of dielectric film
102 andleelammgdm Eim inch@les geatehidan pflewbyiweithtpsiskag€6-90%udh partsutatet ure may

be associated with reduced chi pping and/ or del am nati on between | ayers

dur i ng ceiam@tiBdris@eh aslsican LPahJRént e flﬁalQﬂFe@HQHinéﬂéH ed&Psiaid 1£liee 1 GO Ndi ng
film 102 are both fornmed froman epoxy material, and second polyner | ayer

122 is _fornmed cuttin in uIatlon aonl y eqU|red

Lo be. madearnt SHER T EAEE ufthm kheEitlsoef anbheipdBred BRAG NG

t herefore chi pping and/or delam nation is reduced [0028] It is understood
t hat adefin feorglatyray Bingl ¢rang ipeayfsobseaeendydr par§01m:|d|aftgﬂadmmﬂpayttapt ure pads

prior to applying solder balls 128. For exanple, as illustrated in Figure

IN the t@ﬁzpl@zﬁﬁ&%ﬁffﬁfenl:tmﬂffSrolsGﬂﬂthﬁEﬁca@Qﬂﬁrﬁ peddrRd tyecdgrabbRathe ke ed
| ayer and ball grid array capture pads 134 prior to attaching sol der

bal | s ures 2A-2L, in a second enbodi nent, an
al terna P%*{"aﬁ%gé’ gﬁ%ﬁdﬁgﬁgﬁgi f[ e can be formed As illustrated in

Fi gures 2A-2D, a dielectric f|Im202 may be lam nated to a tenporary

carri el0023bdhe emporasy prtieauptiatD} 04may tlnﬁn be reppecchirem ha dielpettc { dDZe Pectric
film202. Dielectric film202 is then cured to lock the plurality of die

uni ts 206trhted & PhaedD, Theing!thy diblettyic Gilmd0 atavhes todVitut &y @ninh@ily e¥@rdinbded or
| am nated with an encapsul ant 208. The tenporary carrier substrate 204 is

then r )

2011/ 1055 ETLE) CRIDT Er 2254 DO f ATl Chg R e FEPHILIO ovel via
hol es 210 and RDL trace patterns 211 may be fornmed in the diel ectrlc film
202 ut Releasipgmay ba dxcompdish a%Ytae‘faﬁPWg)ftt@éWﬁP‘%ﬁﬁéc% ticH Vagadiaions peghingslpssh. 1 n
one enbodi ment, dielectric film=202 is at |least partially translucent. In
accordaﬂaﬁemmﬂmngambgﬁmﬁm;s of the present invention, an optical inspection
operation nmay optionally be performed to neasure the true | ocation of any

or all r 204
'n 7 glitaB) Rtk Fi A BF. ETpYR viaol WD WA Ao R e SRR @) T
and RDL race pat%grn 211 illustrated in Figure 1E. If the true |ocation
does ndfti lﬁﬁgéﬁlaék wPatlerning erlupgyscuch aclater ghlatiomn gl apgabedineshdhie i on and/ or
orientation of the first |level via holes 210, or any of the other features
i n t he fluiatida offist leud tvier lelesntdy) ekposadj beideghdf(oot iBmyraef]) fonaed oddieivditd06di e
units as described in co-pending United States Patent Application No.

127 876 plfevd] VAR 13D Gthy BT E Bial¥iet 6F SIpREGRately 25 to 50 microns, for example.

In one embodiment, dielectric film 102 is at least partially translucent. In accordance with
embodiments of the present invention, an optical inspection operation may optionally be
performed to measure the true location of any or all die units 106 after removal of the temporary
carrier substrate 104 in Figure 1D and prior to the formation of the first level via holes 110
illustrated in Figure 1E. If the true location does not match a nominal, reference location, then

the x-y position and/or orientation of the first level via holes 110, or any of the other features in

10
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[0031] A barrier and/or seed |ayer 212 may be forned follow ng by plating
of a netallic layer 214 such as copper, which nmay then be etched back to
i sol ate fwo=milwsah vias 218 and RDL traces 220 within rhe/u@ipeiréc film
202 as illustrated in Figures 2F-2G A second polynmer |ayer 222 nmay then be

for med twﬂﬁﬁlipts%&ﬁfé, Hfa? Ibé é&jﬁge&fﬂrtaégbﬁhé iddDAGEARRI itk §CMREGEASH EQ fOorm
openi ngs 224, 226 as illustrated in Figures 2H21. Solder balls 228 may be

ot 1 o Ot B SRR R b on R g A P BBtk Mo Te Bt kngos as

illustrated in Figures 2J-2K. In an enbodinent illustrated in Figure 2L a
barri el0®Rdtd haayasrand/epsesd dhybnl 12 may tembe dymedprarthe guige RBHcerand wighinor med
simlarly as described with regard to Figure 1IN. [0032] In the foregoing

speci f ifgaldveNyia Vidlel PUPasaTRARIBA Foulf 11t NRorieRNMBPIE] 187erN2Y thaReRiMuddasEl | bed. 1t
will, however, be evident that various nodifications and Changes may be

made t t o-whthout departing fromthe br r irit and,sco of the
vent g8 BT LLN Rk BRFe 42t of 8t RAERRY dhep Rp RE R

2011/ 103211PCT/ US2011/ 025124 appended cl ai ms. For exanpl e, various

st r uct Gegiter sded dayeanol approxamatelyr 8 d)0p avgstiomes higle sorantsabolisrenCdByepui | d- up
structures. It is contenplated that a variety of build-up structures and
procesaegcmgfdrrb@@p@lu&@ﬂlgafter formation of the first level via in the
dielectric filmutilizing a mask-1ess patterning techni que such as | aser

S L S T T T e O

SHEET (SEgBIEe nzlgtLod such as laminating or spin coating. Photoresist layer 114 may then be patterned
to form RDL trace pattern openings 116 as illustrated in Figure 1H. Plating may then follow to
fill the openings 110, 116 with the first level via metal 118 and redistribution layer (RDL) trace
120, respectively which may be in electrical communication with the active surface of the die
unit 106. In an embodiment, the first level via metal 118 and RDL trace 120 are copper. For
example, the plated layer may be greater than or equal to 2 microns thick. Patterned photoresist
114 and underlying portions of barrier/seed layer 112 are then removed as illustrated in Figure
1. Removal of barrier/seed layer 112 may also slightly reduce the thickness of the plated layer.
[0026] Referring to Figure 1], a second polymer layer 122 is formed over the patterned dielectric
film 102 and RDL traces 120. In an embodiment, the second polymer layer 122 is formed from a
photoimageable material such as polyimide, benzocylobutene (BCB), polybenzoxazole (PBO),
etc. The second polymer layer 122 may then be patterned to form openings 124 to expose RDL

traces 120 as illustrated in Figure 1K. Openings 126 may also be formed to expose portions of

dielectric film 102 to assist in singulation. Patterning of openings 124, 126 may be performed

11
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WO 2011/ 103211PCT/ US2011/ 025124 CLAIMS What is clainmed is: 1. A nethod
conprising: placing a plurality of die units on a surface of a dielectric
film wo 20uriosyit he dielectric filmafter placing thecpluseahioosizof die
units on the surface of the dielectric film encapsulating the plurality of

di e uniyiifiziRY stiReleGhoRH o RbBRtEdhRIqhbd. Mkt D280 nSNERRSIUb 3Bty Rdterials,
and may be formed of other materials having suitable dielectric and sealing properties.
[0027] As illustrated in Figure 1L, solder balls 12§ may then be applied over the exposed
portions of the RDL traces 120. Referring to Figure 1M, individual packages may then be
singulated. As illustrated in Figure 1M, singulation may include cutting of only the dielectric
film 102 and encapsulant 108, where lateral edges of the second polymer layer 122 do not extend
to, and are not flush with the lateral edges of dielectric film 102 and encapsulant 108 for the
individual packages. Such a structure may be associated with reduced chipping and/or
delamination between layers during singulation. In an embodiment where encapsulant 108 and
die bonding film 102 are both formed from an epoxy material, and second polymer layer 122 is
formed of a polyimide, cutting during singulation is only required to be made through layers of
similar composition, characteristics and therefore chipping and/or delamination is reduced.
[0028] It is understood that additional layers may be formed such as ball grid array capture pads
prior to applying solder balls 128. For example, as illustrated in Figure 1N the processes of
Figures 1G-1H may be repeated to form barrier/seed layer 132 and ball grid array capture pads
134 prior to attaching solder balls 128.
[0029] Referring to Figures 2A-2L, in a second embodiment, an alternative WLCSP build-up
structure can be formed. As illustrated in Figures 2A-2D, a dielectric film 202 may be laminated
to a temporary carrier substrate. A plurality of die units 206 are attached to dielectric film 202.
Dielectric film 202 is then cured to lock the plurality of die units 206 into place. The plurality of
die units 206 are then overmolded or laminated with an encapsulant 208. The temporary carrier

substrate 204 is then removed.

12
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patterning the cured dielectric filmto expose each of the plurality of die
units utilizing a mask-1ess patterning technique. 2. The nethod of claim
1, whereiwopbacioszyit he plurality of die units on the surPCaas2afi/oriies
dielectric filmconprises placing the plurality of die units on a surface

of a S‘PGUMPRH%%%@'F%R% lQE s 18el Vi%-hoTél@lUﬁﬁéPR@LQfacgbﬁ‘titd?hszﬂlviﬂ%fl?ej n the

sem -cured dielectric filmconprises a B-stage cured epoxy. 4. The nethod

bl a1 Beda e T A B 98 R e D0 PR DO 0981 24

5. The method of claim2, wherein encapsulating the plurality of die units

on t he I omesinleidehendt di¢lectfic fikm ¢0drprat et pasiafy ésssileseninoln dievgdance with
embodiments of the present invention, an optical inspection operation may optionally be
performed to measure the true location of any or all die units 206 after removal of the temporary
carrier substrate 204 in Figure 2D and prior to the formation of the first level via holes 210 and
RDL trace pattern 211 illustrated in Figure 1E. If the true location does not match a nominal,
reference location, then the x-y position and/or orientation of the first level via holes 210, or any
of the other features in the build-up structure, may be adjusted for any of the individual die units
as described in co-pending United States Patent Application No. 12/876,915, incorporated herein
by reference.
[0031] A barrier and/or seed layer 212 may be formed following by plating of a metallic layer
214 such as copper, which may then be etched back to isolate first level vias 218 and RDL traces
220 within the dielectric film 202 as illustrated in Figures 2F-2G. A second polymer layer 222
may then be formed and patterned utilizing suitable lithographic techniques to form openings
224,226 as illustrated in Figures 2H-21.  Solder balls 228 may be applied within openings 224
over the exposed portions of the RDL trace 220, while openings 226 may assist in singulation of
the individual packages as illustrated in Figures 2J-2K. In an embodiment illustrated in Figure
2L a barrier/seed layer 232 and ball grid array capture pad 234 may be formed similarly as
described with regard to Figure IN.
[0032] In the foregoing specification, various embodiments of the invention have been

described. It will, however, be evident that various modifications and changes may be made

thereto without departing from the broader spirit and scope of the invention as set forth in the
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6. The nethod of claim2, wherein encapsulating the plurality of die units
on the cured dielectric filmconprises lamnation. 7. The nethod of claim
6, wher eiwolaniratiion conpri ses vacuum | am nation. 8. Pha/usetthoesied claim
7, wherein vacuum | am nation conpri ses: pl acing a sem -cured

encapsyhaitied &hiMsOWBF exaildari@sisirkct@fal ket SdPRodeb@s GV EkeH AR | C
film and applying heat and pressure under vacuumto the sem - cured

encapsul fi.ym 9. The method of claim1l, wherejn the plurality of die
i o 30 R A sogmined 4 ey o bl droeBretaty PidkeShy
surface which is lamnated to a carrier substrate. 10. The nmethod of claim
9, f ur chdd beoppicdsitagformitemgif tle filhdevd vra iethesdiplsetriafibn ufibzing henaskrtassl
dielectric filmafter encapsulating the plurality of die units on the cured
di el ectphiténihb kdthnigiélsuhia®lasérabReibh ETH §Rcifiafichuing drhifbesé fc€orliinkf tol1. The
met hod of claim1, further conprising: applying a photoi mrageabl e pol yner

|ayer B %ga}cfgg P& g5 1%6 Setls€ gatl?e'r%llla%catr'éétﬁctwel se sefind 16
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SUBSTI TUTE SHEET (RULE 26) WO 2011/103211PCT/ US2011/ 025124 formng a
plurality of openings in the photoi mageabl e pol yner | ayer using a

phot ol i t mwgQraphios2ipat t er ni ng t echni que. 12. The met hod eCTalsasimoisiz4 f urt her
conpri si ng: cutting through the cured dielectric filmand the
encapsul ant wi thout cutting through the photoi mageabl e pol yner |ayer. 13.
The nmethod of claiml1, further conprising: formng a seed |ayer on the
pattergﬁjj %ed dielectric film formng a patterned photoresist |ayer over
t he se 4@@ r; and

What is claimed is;

1. A method comprising:

placing a plurality of die units on a surface of a dielectric film;

curing the dielectric film after placing the plurality of die units on the surface of the
dielectric film;

encapsulating the plurality of die units on the cured dielectric film with an encapsulant;
and

patterning the cured dielectric film to expose each of the plurality of die units utilizing a

mask-less patterning technique.

2. The method of claim 1, wherein placing the plurality of die units on the surface of the
dielectric film comprises placing the plurality of die units on a surface of a semi-cured dielectric

film.

3. The method of claim 2, wherein the semi-cured dielectric film comprises a B-stage cured

€poxy.

4, The method of claim 1, wherein the mask-less patterning technique comprises laser

ablation,

15
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plating wthin openings of the patterned photoresist |ayer and the
patterned cured dielectric filmto formfirst level vias wthin the

pat t er nedwounrdiosiiel ectric fil mand redi stribution | ayePCrTRBR)11t025HCE£S OVer
the patterned cured dielectric film 14. The nethod of claim 13, further

conpri $i Ng: The metholl SMBIXIAY, \Eﬁé@elﬁéhéaﬁﬁlﬂ%gﬁh@f)wa@ﬂ stdit ﬁﬁﬁ?sronatﬁéic&ecpo”' on of
the seed Iayer under the patterned phot oresi st | dyer after plating; and

formn oi mageabl e er over the patterned cured die

et achdiseRid G AR PaBee R inoBHE ot hod of bialm 14, further
conprising: patterning the photoi mrageabl e pol yner | ayer to expose the RDL
traces. 17 SUBSTI TUTE SHEET (RULE 26) WO 2011/103211PCT/US2011/ 025124

6. The method of claim 2, wherein encapsulating the plurality of die units on the cured

dielectric film comprises lamination.
7. The method of claim 6, wherein lamination comprises vacuum lamination.

8. The method of claim 7, wherein vacuum lamination comprises:
placing a semi-cured encapsulant film over the plurality of die units on the cured
dielectric film; and

applying heat and pressure under vacuum to the semi-cured encapsulant film.

9. The method of claim 1, wherein the plurality of die units are placed on a surface of the

dielectric film opposite a second surface which is laminated to a carrier substrate.

10.  The method of claim 9, further comprising releasing the carrier substrate from the cured
dielectric film after encapsulating the plurality of die units on the cured dielectric film, and prior

to patterning the cured dielectric film.

11, The method of claim 1, further comprising;

applying a photoimageable polymer layer over the patterned cured dielectric film; and

16
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16. The method of claim 15, further conprising: singulating the plurality
of die units. 17. A package conprising: a non-photoi nageable dielectric
film an wotzouelosunface of a die unit attached to the dipelrastoiio2gizd m

a redistribution layer fornmed over the dielectric filmand in electrical

comuni cat i eimiwd NplLREHAG dp¥RinSUIRCH o imh BRbM RN TayefBdng a an

encapsul ant | ayer conprising epoxy encapsulating the cﬁ e unit on the

di el ect hi Cc .ili I rrbh.vvherei.n }hﬁ dielectric filmand the encapsul ant | ayer both
conpr i $B0GHbgEaphit RAlFTRS ISINIMT el y 50% of a ceramic filler, by weight. 18.
The package of claim 17, further conprising: a polyner |ayer over the
dielectric film

12. The method of claim 11, further comprising:
cutting through the cured dielectric film and the encapsulant without cutting through the

photoimageable polymer layer.

13, The method of claim 1, further comprising:

forming a seed layer on the patterned cured dielectric film;

forming a patterned photoresist layer over the seed layer; and

plating within openings of the patterned photoresist layer and the patterned cured
dielectric film to form first level vias within the patterned cured dielectric film and redistribution

layer (RDL) traces over the patterned cured dielectric film.

14. The method of claim 13, further comprising:

removing the patterned photoresist layer and a portion of the seed layer under the
patterned photoresist layer after plating; and

forming a photoimageable polymer layer over the patterned cured die attached film and

RDL traces.

15.  The method of claim 14, further comprising;

patterning the photoimageable polymer layer to expose the RDL traces.
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an opening formed in the polyner layer; and wherein |ateral edges of the
encapsul ant layer and dielectric filmare substantially flush. 19. The
package oVochaimwsi8, wherein the opening forned in the pairyuseriiloasies
exposes a redistribution |ayer (RDL). 20. The package of claim 19, wherein

the di ghect mhe nfeidoMopRdineMs RSk @Bhpli@yer both have a Tg greater than or
equal to 190 C. 18 SUBSTI TUTE SHEET (RULE 26)

singulating the plurality of die units.

17. A package comprising:
a non-photoimageable dielectric film;
an active surface of a die unit attached to the dielectric film;
a redistribution layer formed over the dielectric film and in electrical communication with
the active surface of the die unit; and
an encapsulant layer comprising epoxy encapsulating the die unit on the dielectric film;
wherein the dielectric film and the encapsulant layer both comprise greater than

approximately 50% of a ceramic filler, by weight.

18.  The package of claim 17, further comprising:
a polymer layer over the dielectric film;
an opening formed in the polymer layer; and

wherein lateral edges of the encapsulant layer and dielectric film are substantially flush.

19.  The package of claim 18, wherein the opening formed in the polymer layer exposes a

redistribution layer (RDL).

20.  The package of claim 19, wherein the dielectric film and encapsulant layer both have a

Tg greater than or equal to 190 °C.
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