INTEGRATED CIRCUIT PACKAGING SYSTEM WITH ACTIVE SURFACE HEAT REMOVAL AND
METHOD OF MANUFACTURE THEREOF TECHNICAL FIELD The present invention relates
generally to an integrated circuit packaging system, and more particularly to a system for heat removal.
BACKGROUND ART Increased miniaturization of components, greater packaging density of
integrated circuits ("ICs"), higher performance, and lower cost are ongoing goals of the computer industry.
SemiconductiN PERCHRAT BD (IRIESIAOPAINICA G BNIU S ST MavIl TN T IAE SURP ACFEHSRA the density of
the components that are packaged therein while decreasing the sizes of the products that are made
therefrom. This is in resBdiMd© ¥AdoANNTA M THE(HA SMOMIANERASC AN RFoTTHARIECQIND communication
products for ever-reduced sizes, thicknesses, and costs, along with ever-increasing performance.

These increasing requirements for miniaturization are particularly noteworthy, for example, in portable
information and communication devices such as c%%ﬁ Egrieﬁfﬁqyds-free cellular phone headsets,
personal data assistants ("PDA' s"), camcorders, notebook computers, and so forth. All of these devices

continue to be made smalgr.and hipRer. i IMRLeNe; theilporaRlity. Argesdinaly largacRsaleIC ('LSI)

packages that are incorporated into these devices are required to be made smaller and thinner. The
package confijlif RS TAE RBUISHIAY Protete IIPrAGHHFERREH to be made smaller and thinner as well.
As the integrated circuit technology advances, more circuit cells can be fabricated in a similar die area so
that substantially increased functionality can be accomplished on a given integrated circuit die. The added
functionality and increase in the number of circuit?é&*&&@qmlﬁg%a larger amount of power
dissipation. The heat is transmitted from one integrated circuit to the other and there is no significant

dissipation path other thar¥iF8tfgh E'aBIHET0811 26 FE AL hoHfd T hBA &S e PREGt if'the package
can significanshy gexduceithethf¢ tfthe hgegraketbomanits imdhkwackageare ongoidgigealr R€eabestill remains

for an integrated GlIGUIt PRCKATINGSYSISM RIGYIING AW Rt MANUBEINg AnduRroved feliability. In
view of the ever- ncreasing need to save
miniaturization, to increase the density of the components that are packaged therein while

decreasing the sizes of the products that are made therefrom. This is in response to
continually increasing demands on information and communication products for ever-
reduced sizes, thicknesses, and costs, along with ever-increasing performance.

These increasing requirements for miniaturization are particularly noteworthy,
for example, in portable information and communication devices such as cellular phones,
hands-free cellular phone headsets, personal data assistants (“PDA’s”), camcorders, notebook
computers, and so forth. All of these devices continue to be made smaller and thinner to
improve their portability. Accordingly, large-scale IC (“LSI”) packages that are incorporated
into these devices are required to be made smaller and thinner. The package configurations
that house and protect LSI require them to be made smaller and thinner as well.

As the integrated circuit technology advances, more circuit cells can be
fabricated in a similar die area so that substantially increased functionality can be
accomplished on a given integrated circuit die. The added functionality and increase in the
number of circuits generally involves a larger amount of power dissipation. The heat is
transmitted from one integrated circuit to the other and there is no significant dissipation path
other than through the solder ball to the motherboard. The increased heat in the package can
significantly reduce the life of the integrated circuits in the package.

Thus, a need still remains for an integrated circuit packaging system providing

low cost manufacturing and improved reliability. In view of the ever-increasing need to save

1



costs and improve efficiencies, it is increasingly critical that answers be found to these problems. In view
of the ever-increasing commercial competitive pressures, along with growing consumer expectations and
the diminishing opportunities for meaningful product differentiation in the marketplace, it is critical that
answers be found for these problems. Additionally, the need to reduce costs, improve efficiencies and
performance cefitl fnéanuppetitiveepressilrés dusarebventigredhar argeaty e thendriticiiasecessity for

finding answegsyR these.piakientsthe ever—ir%?é&ktiﬁ’g‘%éﬁ&ﬁlﬁ%ﬁl%@&'ﬁéﬁtﬁd&%ﬁ%@%@, loRgSQught but prior
developments have not taught or suggested any solutions and, thus, solutions to these problems have

long eluded tHEVESKARTURTHE RS iR 1 BS R EipiriiRe RAPRRHRI s for meaneful, predygtinyention
provides a meifiedmfatvanisfacéunedd gitatrtegated iisc uihpaskagingesyaiaifiraudingiqpeniding an

interconnect t(ligﬁ}gﬁ%uha\{flrggn%e%t%cture bottom side, a strycture .topagl(geégnolln a %av%dtrﬁ(leegtructure

. , I'dCCCOStS, mprove, efficiencies ormance, . . Ly
bottom side électrically tonnected to the structure té)p glde; mbunltlng an ]?ntegratecf circuit enhrely within

the cavity, thedmeagitaite drsreuRshaddngrare seitivecsicle wephande viith end atruersrsito gasidedioeming an
encapsulationRaially Geyesiagithg interconnect structure and the integrated circuit, the encapsulation
having an encapsulation top side coplanar with the structure top side and the active side; forming a top
re-passivation layer over (hIEPIEHHENGS SRS MacePrEEp oM A RSTR S CACRBSE Sink over the
top re-passivailannieyangor serugyigdeny t@otshe activeusidelutions to Hae: pi@damidmieationprovides an
integrated Cir&ll,lli e%qﬁléaegsi{ggles st H(]’,airt\cluding: an interconnect structure having a structure bottom side, a
structure top side, and a cavity, the Structure bottom side electrically connected to the structure top side;
an integrated circuit entirely within the cavity, the integrated circuit having an active side coplanar with the

structure top side; an encapsulation partial%ﬁ%{egm%p%@‘g&?qaﬁure and the integrated circuit,
e coplanar with the structu

the encapsulation having an encapsulation top sSi Cture top side and the active

side; a top re-passivation Jﬁ%eh%\gg[{ttmg%g%%\%gsslcg(?ngmg&h& encapsylatioy: ﬁpqn?eggpetdsink over the
: ) 4 :

top re-passivation layer for removing heat from the active side. Certain embodiments of the
invention havaretHerastagindsuse i UdiRd ROAKD DRAINRIERIEE¢hoSBCHENbHRBS ABBYEYFhe steps or

element will hegemei@ppRatartie bpsaiskilad indhe at kamadsadingsafdbrdellawine draied
description when taken with reference to the acco_migan%/eing drawings. RIEE. D@?CRIPTION OF THE
& Faliadig s

DRAWINGS 15" S8 B 48P Sttfo AP ViAo P AN Fated S (it haekay 1S Rortta section
line 1--1 of Fi@e&ired finstierhbadpmentafwheipeesgntnaventiorheFiGuuis adopiptarforieinghthe integrated

circuit paCka%i{lQp%}ﬂﬁ%ﬁ- partially covering the interconnect structure and the integrated circuit, the
encapsulation having an encapsulation top side coplanar with the structure top side and the
active side; forming a top re-passivation layer over the structure top side and the
encapsulation; and mounting a heat sink over the top re-passivation layer for removing heat
from the active side.
The present invention provides an integrated circuit packaging system,
including: an interconnect structure having a structure bottom side, a structure top side, and a
cavity, the structure bottom side electrically connected to the structure top side; an integrated
circuit entirely within the cavity, the integrated circuit having an active side coplanar with the
structure top side; an encapsulation partially covering the interconnect structure and the
integrated circuit, the encapsulation having an encapsulation top side coplanar with the
structure top side and the active side; a top re-passivation layer over the structure top side and
the encapsulation; and a heat sink over the top re-passivation layer for removing heat from
the active side.
Certain embodiments of the invention have other steps or elements in addition

to or in place of those mentioned above. The steps or element will become apparent to those
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FIG. 3 is a cross-sectional view of a portion of the integrated circuit packaging system along the section
line 1--1 of FIG. 2 in a device attachment phase of manufacture. FIG. 4 is the structure of FIG. 3 in an
encapsulation phase. FIG. 5 is the structure of FIG. 4 in a redistribution line deposition phase. FIG. 6 is
the structure of FIG. 5 in a re-passivation layer deposition phase. FIG. 7 is the structure of FIG. 6 in a
thermal interfekeéedpplidition prease. FrEing isftitee stpllewins ofariied7descripéen sihknattdenmet phase. FIG.

9 is the singulateehstrurii e RbRlSan @ @avaxigrnal connector attachment phase. FIG.10is a
cross-sectional view similar to FIG. 1 of an integrated circuit packaging system in a second embodiment

of the present invention. FIG. 11 is a cross-sectional view similar to FIG. 1 of an integrated circuit

packaging system in a third embodimenjofghe piesaptriitye BiofaE DRAWIRGE? is a flow chart of a
method of manufacture of an integrated circuit packaging system in a further embodiment of the present

invention. FIG. 1 is a cross-sectional view of an integrated circuit packaging system

along a section line 1--1 of FIG. 2 in a first embodiment of the present invention.

FIG. 2 is a top plan view of the integrated circuit packaging system.

FIG. 3 is a cross-sectional view of a portion of the integrated circuit packaging
system along the section line 1--1 of FIG. 2 in a device attachment phase of manufacture.

FIG. 4 is the structure of FIG. 3 in an encapsulation phase.

FIG. 5 is the structure of FIG. 4 in a redistribution line deposition phase.

FIG. 6 is the structure of FIG. 5 in a re-passivation layer deposition phase.

FIG. 7 is the structure of FIG. 6 in a thermal interface application phase.

FIG. 8 is the structure of FIG. 7 in a heat sink attachment phase.

FIG. 9 is the singulated structure of FIG. 8 in an external connector attachment
phase.

FIG. 10 is a cross-sectional view similar to FIG. 1 of an integrated circuit
packaging system in a second embodiment of the present invention.

FIG. 11 is a cross-sectional view similar to FIG. 1 of an integrated circuit
packaging system in a third embodiment of the present invention.

FIG. 12 is a flow chart of a method of manufacture of an integrated circuit

packaging system in a further embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those
skilled in the art to make and use the invention. It is to be understood that other embodiments
would be evident based on the present disclosure, and that system, process, or mechanical
changes may be made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may

be practiced without these specific details. In order to avoid obscuring the present invention,



BEST MODE FOR CARRYING OUT THE INVENTION The following embodiments are described
in sufficient detail to enable those skilled in the art to make and use the invention. It is to be understood
that other embodiments would be evident based on the present disclosure, and that system, process, or
mechanical changes may be made without departing from the scope of the present invention. In
the following aeripibknanimereus spediie derditararengiverdtorpeosidecastioroirdisadesdtanding of the
invention. Hoyueyer, it will be apparent that the invention may be practiced without these specific details.
In order to avoid obscuring the present invention, some well-known circuits, system configurations, and
process steps are not disci8sdi sl wing emiorinpnls pf JReyS\iAn g MBL ARSIy stem are
semi-diagramistaticaiid aadt farscalerBneopardiciiadynasissafithferdina ensionstarie oitdhiencladity of
presentation andarc, shown. xagqeraled i e deawieg flGs Silaiiy alhough fhe yicwsn the
drawings for ease ot désc lgptlon generally Shéw simiilar orienta lons,this depiction in't e FI&s. is arbitrary
for the most peirteaSent ddipritiingarstioly cie We op Bratedimaens.ofientigiistion in thaNfhepe imultiple

embOdime”t%x%'i&ﬂ%ﬁl%ﬁ%ﬁﬁ@p@ﬁs%@ﬁ%ﬂﬁ%@%ﬁ)ﬁ%w&%' AR RARy ffeclatity and ease of
illustration, description, and comprehension thereof, similar and like features one to another will ordinarily

be described with similar refEn S8 R eFAIROT RS Wi BEUIRSIRE A a bR b A8H HRAH HEY BB ¥ mbodiment,
second embageiment ietcommenMmiiten oftdeseripibéetoinvenienae ddckiptemodnateapetienavie any other

significance of DIoy idlem'{'{la‘r“ﬁ‘ﬁi(?ﬁ‘%éo{ NG RreeNt IVERNo. 1 ordin R BXRRSIAN PULROSSS, he term
"horizontal" as Used herein is defined as a pf}ane parallel to tlhe pf}:\ne or surface of the |nltegrated circuit,
regardless ofrifsisrientativeralFhe dxamenertdira¢hiefersetdeedimenonodefpendicbidmenthestsoridontal as just

defined. Termgr3Ueheas @boNe: "Q&M%d&eﬁm‘é 3%9511'1&9@_'5&@5&&@ rodgallel 't'JS‘iEzil}%r'én" o_wer",
"upper”, "over", and "under", are defined with respect to the horizontal plane, as shown in the figures.
The term "on® & AHLITHANIESIPIS Hifte LPEBHEI BB IR B HEFREO P he term "directly on" means that

there is direct contact betweeexposiale mepbeadienetine rieanant withost arritery eafingdelement.

The term "active side" refers.to a side of a die, odule ckage, or an electronic structure having
active cirouiny B A TS Ls Ravi e e e S SRS e SR i the gl
the module, theepatkageerarafierdiasttormcdsteciconrecPhediertnr "prabedsing’nad usadshekdincihcludes

deposition of fpafer '@ﬂl&{ QP%&%’%F‘@%@J’F!'%oﬁ&%"?u{&p’qe\éﬁ@p@@% e{ghingicleap]pgsand/or

removal of the material or photoresist as required in forming a described structure. As numbers of

inputs/outputs'{O's) arRPHIncSAalit th intSGTatat drenricBbEBefs hEte28E 7 upsR ¥ Fower

consumptionsabiheiindegrigieescircuit components in a semiconductor die has increased. As a result, an

average junction temperatl.gg tg}‘ se‘mi;;onqallgsctt&g}gl { Eéeirilé:heases. I]E tq% avera e;%ncttsiprhtl%me?erature of the
e

. . m, O mec 1Ic contac ween 1
semiconductor dies becomes 100 hlgrh, integra circuits mmthe semiconductor (fles can be 1gfilamaged or

destroyed. “directly on” means that there is direct contact between one element and another element
without an intervening element.

The term “active side” refers to a side of a die, a module, a package, or an
electronic structure having active circuitry fabricated thereon or having elements for
connection to the active circuitry within the die, the module, the package, or the electronic
structure. The term “processing” as used herein includes deposition of material or
photoresist, patterning, exposure, development, etching, cleaning, and/or removal of the
material or photoresist as required in forming a described structure.

As numbers of inputs/outputs (I/Os) and functionality in integrated circuit
components increase, density of power consumption of the integrated circuit components in a
semiconductor die has increased. As a result, an average junction temperature of
semiconductor dies increases. If the average junction temperature of the semiconductor dies

becomes too high, integrated circuits of the semiconductor dies can be damaged or destroyed.



The present invention provides a solution to solve the problem of an increase of the average junction
temperature. In a conventional fan-out wafer level chip scale packaging (FOWLCSP), in order to
ensure direct mounting of packages on a motherboard, large solder balls with 0.4 millimeters (mm) to 0.6
millimeters (mm) must be used. Therefore, a number of solder balls directly contacted with a die active
side is very liffiteRieRasay oM FEoRidEts . avwltHenpieselie ivantoan vidéscisate plited marpgerformance
with a larger igatidissippiiagiRrea for heat removal as compared to the conventional FOWLCSP with a
few solder balls. Referring now to FIG. 1, therein is shown a cross-sectional view of an integrated
circuit packaging system 1B &0ING A L@ 3R ANk M2l ¢ velcship iscalei rackassat FNE-GPHe Bresent
invention. Theriktegrateareidiiit packadipesystenackOth camdataltidaranlingersdaaceilsiraatuoed102, which
provides a structure, for connecti d mounting an electrical device therein. For ex he
erconnect Hh G B IR B RS Bl o
interposer withrekfoughtaiiedmive tidigl dabeqtitls iveery T8Wed. Based Ph&ontrcohwcthstrieterre 102 can
include a stryglif APTRMEIdS LU %@ﬁrﬁﬁﬂ&%ﬁ%ﬁﬁé@ﬁiﬁ?aﬁ%@g&pﬁéﬁi@Q;&ﬁ%tﬁiguﬁ%r%@@fégm side 104.

A top surface of the interconnect structure 102 defines aglane of the structure top side 106. Similarly, a
bottom surfac&¥HAYFRERRaTHe et FaLiond HalitdsSh piitha Gitseldsrbalire bottom side 104.

The interconnect structurerifiZreandoeluderAGtructhtechotitonhpan 108@ndeatkiftctuikavtep pad 110 at the
structure bottom side 104 and the structure top side 106, respectively. . The structure bottom pad 108 and
the structure ]tno%gf)%?e 1T6C31r%p(?8n%§lc:l}gp3¥fst.etrﬁaqOs)dro%%l éalescetér%llc(gll Zlgf%/nle_éqiv??;/.%' z mTﬁeF?rrf?erconnect
structure 102cudednohutelids, prasas, iorancombibtionagraiebtifvaitapeckiamneacaliietonfected. The

interconnect giryciure,102.canhe e grfriaally 6ennagiad hetween theRietyre Retemisidedp4 and the
structure top side 106. The structure bottom pad 108 and the structure top pad 110 can be electrically
connected. Mounting,an flertir e dtfu SEVE™ 03 ¥a HER e e HURRT A ST HENEWty 44 54in be formed
through a plaineledethe studatteradontton sideidld ancua plaae oPUB strucikine dopmsideolfLowittcentral
portions of tht?tr%idg?;m f @nevie/r} %raqolqsn%%t) nstartéct@r 02. An integrated circuit 116 can be mounted entirely
within the cavi yli . The integrafedﬁcwcwf 16 is an electrical device including a flip chip, a
semiconductor die, an intddatedrerouitidituennl €Mmbradadelidiie. structure| haitomitedndideredribodiment,

the interconnggi StUCIYEEsR2 GRN dPFIAR aHUmBeRAT $BaBM iR MEh are PR pRIegemor the

interconnect structure 102. The seglments can be separate from each other or formed as a single integral

structure. FolBXSAMRS! (RSt dBANEERE R BlaRe LoDt peolPRel Gkl eb BP4 e hieces that

are placed sigiafhyesiti@iieebadiacgnicthe Negeaied gistuid dlhdancplacedaimpiaesita.sides of the
integrated circuit 116. The interccgrgprgct strlﬂi‘ure 1(r)1C2l can incluge agogi%eEn SHL@ re Jgat does not

enclose the integrated Cil’gdll% IYE A Gther w%t}1 es, {he interconnec tgfrcu%rt%re &4 ve formed only

adjacent sonremignderlbat thE)sidebofthietintebottad sideuitl181dNIth threadpwenteprusteré)he

interconnect %H@é&_@@l}q?rﬁ@_@t}ﬁ‘&l&%@%&HS&%\AEY@@%X@%HQQtﬁi&t%%&ﬁ&*d_ 110 are EBRARIGQERTEd circuit
116 can include an inactive side 118 and an active side 120 opposing the inactive side 118. The active

side 120 refel®t@dfifelsr ther|Riestd ircuit 116 having active circuitry fabricated thereon or having
elements for connection takbeiaetbeduGice Uitfycwithintheantegradedveiscuitdek 6 o or exabaplgoihe active

side 120 Cantltq)eerea(') al%ttiVaeresglrgé‘it(r:ieca?lfytrc]grliﬁ]etcetgéateﬂlg i[gtléir%g'l}n%'ct structure 102 can be electrically
connected between the structure bottom side 104 and the structure top side 106. The
structure bottom pad 108 and the structure top pad 110 can be electrically connected.

The interconnect structure 102 can include a cavity 112. The cavity 112 can
be formed through a plane of the structure bottom side 104 and a plane of the structure top
side 106 in central portions of the sides of the interconnect structure 102. An integrated
circuit 116 can be mounted entirely within the cavity 112. The integrated circuit 116 is an

electrical device including a flip chip, a semiconductor die, an integrated circuit die, or an

embedded die.



Heat dissipation can occur from the active side 120 of the integrated circuit 116. The integrated circuit 116
can include a device pad 122, which is a contact pad that provides electrical connectivity, at the active
side 120. The integrated circuit packaging system 100 can include an encapsulation 124, which
covers a semiconductor package to seal electrical devices providing mechanical and environmental
protection. The encapsuldtiorn1dgman secabeiareiricliidintgcasrarsapsykine d Molenmegdalaor a mold

compound. pumber B¢ GRCARRYIAHARK] 24 fg%ﬁsoéf“ﬁ'&e%‘)(‘!ﬁEﬂ@%f&‘i‘%&%@&e&hﬁﬁ%t%&loﬁénd the
integrated circuit 116. The encapsulation 124 can be formed surrounding an external non-horizontal

surface of theSATSTUSABARSHTREE 169 $358 Qfeipdulgrmridaicsndie WhHal WA the @vity 112 and
surrounding thaifactive sidecdd@andnondtizaniak Jides oftie inte grategpaiteupickt6that are The

interconnect sfructure 102 and the integrated.circuit 116 can b b d(jied in the encapsulation 124. The
structure bot AT E05 R ST ol it e e e SR T o the
encapsulatiothd 2regrated cireyip Fedistribution line 126 (RDL) can be formed directly on the active side

120. The top redistributionrfipe @6 piectrigalinennects thastiiciure planpaduld dhat thesHalcture top
side 106 and the device pad 122. The top redistribution line 126 can route electrical connection between

the device pad2® dh HeSEIGEGiFe by I9ad fagiher words {Be, IueRpoaRat i TEEr P35 2R De formed on
the structure temsitenladjthereRoapesidation P4 epeidisnootiibentgitve Sidedi?Q,1 andhe thp

redistribution line 126. The.top re-passivation la 28 pratects the structure top side 106, the portion of
the acive s T RS o R SO s B R T i S St enlition layer
128 also electrically insuldkbs tifegsatedtireuibplSidentiodutliere neagpsalsiton IB2andiae portiosidst the active

s!de _1201 anqﬁbeo sﬁﬁgiﬁki%&é‘ﬁ%i@ﬁé%& The acfili@ é'ﬂ_lfé?'i%%?é}% Y %%M@&Q@q%ﬁ%&ﬁé@tegfated
circuit 116 can include passivation layers (not shown for simplicity purposei) deposited at the structure

bottom side 14" thk! SfAtRFATSY St ioe 2 dedithesrizot 53187 Sl TBmBIAksIRERRTO Tiie bottom
redistributiondifiecld4 can hetforhedntyatpdssivuationlayer ofdhpléntaccannesidtneotaie BOznat the
structure bottom sidet104. T ei%%) redhstributi néine 126 can be formed on a passivation layer of the

. i ft t 11164, o : o
interconnect Structure 102 at the rﬁc?tu?ér%lp side 106, on a passivation layer of the integrated circuit 116

at the active side 120, or dlegndbiripaiom thrr@of FHeoterine' petiyassilgatiShovintea nkegratadditional passivation
layer formed pier i tQR geRatiRELRN 108 AARADE BAam e disHRUHAN ineLAdlResidasthe

passivation layers previously described. o
provides electrical connectivity, at the active side 120.

The integrated circuit packaging system 100 can include an encapsulation 124,
which covers a semiconductor package to seal electrical devices providing mechanical and
environmental protection. The encapsulation 124 can be a cover including an encapsulant, a
mold material, or a mold compound.

The encapsulation 124 can partially cover the interconnect structure 102 and
the integrated circuit 116. The encapsulation 124 can be formed surrounding an external
non-horizontal surface of the interconnect structure 102. The encapsulation 124 can be
formed within the cavity 112 and surrounding the inactive side 118 and non-horizontal sides
of the integrated circuit 116.

The interconnect structure 102 and the integrated circuit 116 can be embedded
in the encapsulation 124. The structure bottom pad 108, the structure top pad 110, and the
device pad 122 can be exposed from the encapsulation 124.

A top redistribution line 126 (RDL) can be formed directly on the active side

120. The top redistribution line 126 electrically connects the structure



The top re-passivation layer 128 can include a hole 130 over an interior portion of the active side 120.
The hole 130 is formed through a plane of a bottom side of the top re-passivation layer 128 and a plane of
a top side of the top re-passivation layer 128 in central portions of the sides of the top re-passivation layer
128. A thermal interface 134 can be formed within the hole 130. The thermal interface 134 is a thermal
conductive laiperrdthi Previdle sty demsfede 106 and thigedenimamallihirfdde 1@uredipibafiormiad over the
active side 1305 Thethermaldneriasretddenledieatyanthe tareiartiemn el themative side 120. A

heat sink 140 can be mounted over the top re-passivation layer 128 and the thermal interface 134. The

heat sink 140, such as a HeSR5rEAHLR LI mITSHER RS gHmsd Qorfisiy TR trARRrfS & Benerated
from the activasipkali@éhof2the iptetratedicirativd ke QO ,llnstativeppadposas dhéimetlGinkd 40 can be
connected to,the integrated circuit. 116 with the thermal interf although jt.is understqod that the
tbeimp it v ROV SRS el e L
surface area tRBt 48ddhgéeniedistriburiicbingred dfameseritivansidu .1 20egprhis-iritesgieiien leleuid16. The heat
sink 140 can fiayaalgagth thatds SiRatendhan ey snativef thednsgiated cireuiti - Thiechaat sink 140

can be over the active side 120. The heat sink 140 can remove a significant amount of heat from the
active side 13615F tHideihtOgPatt PRI EHECANLE S2Mhajority of heat is generated at the active side 120.
The heat sink 140 can inchtideiagtoimcioRtdddidirectyand the thepmaldnteciace I34awithdiecthermal
interface 134 directl}/ on the ipteri r chﬁrgc?rn .of the active sided%ZO ncg \g%hin th% hole &So.sﬂnee interior

i

portion of thePactive g?dgyfﬁﬁ),né}tréc?ly on Wsrﬁrllé%lﬁﬁtg fhe r?”?gf)ln arface 1 ?ssgﬂ%élﬁeed? can provide a

significant heb4digsiptmionartm ifde Hiforthtoaatsigrfade Bib o0 therhonivositdereo. The botimottom
redistribution igg kddiR Ak ¢ b fRrrogediraciy .ot siHeiue ROt Sidecd Muclhe hpitom

redistribution line 144 electrically connects the structure bottom pad 108 at the structure bottom side 104
to provide cofinBidiy4gEnPeEEiddecthectdr 19Re BORGIMHOBidIAB TSN e PEAP LR 8018 electrical
connection beiweei shel slectsicalcanpacinrcandithast ucikire hattamupade109. side 104\ battom
re-passivation layer.146 can be formed on the strycture bottom si 4, the encapsulation 124, and the
pottom redisBE e T T, Phe Bt Lo B R TR R B o ade 104
and the bottobhaedistribistiprdingion faomscentadditmtioh pTkeybidttoraye-gassidtionridher©aé also
glectrlcally INRUIRIES G StrciYre Ralfomoaise %t%%t%ﬁcﬁﬂé%’fi'%sijd%é1tﬁ@_9a§3?v§}§8ﬁo_f§yé?sd'St”bUt'On
line 144. An external connector 148 can be attached to the bottom redistribution line 144. The
external conmRYiriaglsscabetectrical connector that provides electrical connectivity between the bottom
redistribution line 144 andmxstespatesyssamson eyexterpalconaaioral A8canbeeoneaiadide the bottom
redistribution line 144 with an under pu tall UBM) (not shown). The bottom redjstribution line
24 can eloch ol CodEt e St o o RO e e e P T o
external conrneetormds etintbyforikédandth alosnductive yidatefitieitepudingssolideon fyaeidB or a metallic

alloy. For examplg, 1heiex{einak CRIISEIRE 148:caRL8 AisiderDalk. ForilHstiativeRWpeses, the external
connector 148 is shown as a conductive ball, although it is understood that the external connector 148

can be any ofSePERSEMARI R Sifnkrifot 30 The herpal vieréty abit it etAr St peHs bhshiiBhd 108 and
the structure pepjaashkiOreancde electrically connected, and the bottom redistribution line 144 can
electrically connect the strJ#turﬁ-:-e I.tr)rcl)aﬁfom d 1% and t[ig gxtergtz)il conli]lector 148. To1 %éev%g the heat

4 h the

. . € 1ntertace, ca ormed, over the active side
sink 140 from becoming a oa%lng plane, the heaﬁ sin can be grounaaea1 tﬁroug

thermal interface 134 can be directly on the interior portion of the active side 120. A heat
sink 140 can be mounted over the top re-passivation layer 128 and the thermal interface 134.
The heat sink 140, such as a heat spreader, is a component or an assembly that transfers heat
generated from the active side 120 of the integrated circuit 116. For illustrative purposes, the
heat sink 140 can be connected to the integrated circuit 116 with the thermal interface 134,
although it is understood that the heat sink 140 can be connected directly on the integrated
circuit 116. The heat sink 140 can have a surface area that is larger than a surface area of the

active side 120 of the integrated circuit 116. The heat sink 140 can have a length that is



external connector 148. The heat sink 140 can be grounded by electrically connecting a conductive
connector including a solder bump to the heat sink 140 and the structure top pad 110 and electrically
connecting the external connector 148 to an external ground. The conductive connector can be formed
through the top re-passivation layer 128. The plane of the structure bottom side 104 can be
coplanar witreeegskaribapfadangticapdidaniearfettorrsidbl 650 bt tiset sndaputaticl 229, thepletiee of an

encapsulatiog; jen sderioR-0f ik eNFaRSKHAL0N L2 and RIaNEsPbIMRSHURIUR iR eidacllf and the

active side 120 can be coplanar with each other. The plane of the encapsulation top side 152 and planes

of the structuPb H5pPeaabEsRIbE @ BEranse WK LKL s generatgdpt g astivgiddsefbd that the heat
sink 140 connected to theTaetivieasidmkl 2 ®fcthie intkdeate groirasidl 18 Withdhby thermal intanfdce 134

significantly improves, thermal prgperties including remowvin at of the integrated circuit packaging
ln{:f): aC?:Slljgr%th&l hﬁe rma 18{2:1‘ ace qg II'CC}IP( gﬂh[%e IIIQC&I(:)E f&lﬁgn of%e .Sl(fé

active .
system 100. er, It has been discovered that the heat sin |recty contactlng the active

side 120 proddBesdvsighifibantie dABriEhhawedissipttionfghticy corpbiedlicdthen paikades. It

has been unexpactedivelsaned thatiegignificantk RigherrficirneuRlipaaidissipatiaRisashieved with
the heat sink 140 attached directly on the thermal interface 134 within the hole 130 due to a significantly

larger heat diSSPREEA S e %oNYE e size as compared to other packages. Referring now to
FIG. 2, therein is shown aAafppbanrviesibiitioa ke pgrat@®beiycui pakkagihdgisydiesn heQtridiertop plan view

depicts the actiye side 120, shown as a das re, with device pad 122 shown as a dash circle.
The device podl 190 i [E rort i G S e BT 18 SR AR e T FRA50 For
illustrative pubpds@spael B&vicehpatiuddsboifomnsisle d ¢4ridepraividsugpniteigivtid épstoodattaicthe device

pad 122 can have @0y Sﬂﬁpﬁomﬁﬁ‘@@@tﬁb%%ﬁrﬁm@ f@n@@ﬂ%@ut@re?e&iﬁ%@-connectinhﬁeE%Qﬁ‘%émerface
134, shown as a dash square, can have an interface surface area smaller than a die surface area of the

active side 135°FicalirtBresty anfitces iy e Euurad it area that is connected to the heat sink 140.

The heat sink 140 can havemseifaceaseatiargaydhanca sutacaacaaotibetactive iderh2e The

interface surfﬁ%g grea can tfg a nggcéil%ﬁt[ area that can b euttilggﬂ nté)l igslpt?et%orgeat from the active side 120
I ;

to the heat si “For g)l(arhoﬁle, thein g?fa%téorsnurr ace area can fom fepassivation
layer 146 protects the structure bottom side 104 and the bottom redistribution line 144 from
contamination. The bottom re-passivation layer 146 also electrically insulates the structure
bottom side 104, the encapsulation 124, and the bottom redistribution line 144.

An external connector 148 can be attached to the bottom redistribution line
144. The external connector 148 is an electrical connector that provides electrical
connectivity between the bottom redistribution line 144 and external systems. The external
connector 148 can be connected to the bottom redistribution line 144 with an under bump
metallurgy (UBM) (not shown). The bottom redistribution line 144 can electrically connect
the structure bottom pad 108 and the external connector 148.

The external connector 148 can be formed with a conductive material
including solder, a metal, or a metallic alloy. For example, the external connector 148 can be
a solder ball. For illustrative purposes, the external connector 148 is shown as a conductive
ball, although it is understood that the external connector 148 can be any other electrical
connector.

As previously described, the structure bottom pad 108 and the structure top
pad 110 can be electrically connected, and the bottom redistribution line 144 can electrically

connect the structure bottom pad 108 and the external connector 148. To prevent the heat

sink 140 from becoming a floating plane, the heat sink 140 can be grounded through the



be approximately 35.856 square millimeters (mmz2), which is up to approximately 78.2% of a total die area
of approximately 45.854 square millimeters (mmz2) at the active side 120. The integrated circuit
116 can include a ring 202, shown as a dash square, between the device pad 122 and a periphery of the
integrated circuit 116. The ring 202 prevents crack propagation during dicing. The ring 202 can be formed

with a conduétitsna aterigiciac itfing Eenkedall i d thtedn Theegriein dab byapl dsér kst e Rigizitent and within

the periphery.gfdh&iiegratetheircuiihlo: fieRMPS INEHINGRAR2 £801Deldde-@ fealdPshd
Referring now to FIG. 3, therein is shown a cross-sectional view of a portion of the inteé;rated circuit

packaging sy5t8ranfolsatsig!h e USRI X EBRERENE5PL Hi%e BrstrdngsHASe dfhanufacture.
The device atiachimsrihaseocannibeltkmal tropgiaky carriep36iatdnichyarovédes a support structure for

mounting the interconnect structure 102 and the integrat ircuit 116 directly thereon. The device
tachment phase san mob o KoL L R A Ut SRS SRR B AL chrcurt 116
mounted direditiprsulthiendnipsonasideckivier Bo2ncapsulatijhg24irdecnlrectobagickcadeleaenbepaitiched directly

on the tempoyasy,eatkieh 3B 11is IMmegrieH kit &:6aRLeNAHDtRE RUkGLY WithiR;the sqvity 112 with
the active side 120 attached directlg on the tem&%orary carrier 302. Referring now to FIG. 4, therein

02
is shown the St '8P #5118 SAA P BRtapEaIRIIBA JHASE TR EHIRISRI SIS 124" EaHBE B med

partially covetiagtibeniriespeanacd stiuétureplddranchtbe hindégrated circuit 116. The encapsulation 124 can

surround the external non:hgrizontal,surface,of the intercon structure,102. The.enc [?ation 124 can
P formed wittim the cauit E1 e B B D s of the
integrated cirelithd i@egrated ciRpfeltdfgvibving tFtens ittarfedn iS34resnHithetbtrineprecotiRiGal in a

rediSt”PU“0”di@&ﬁ%@?&ﬁ@ﬁ@h@%v%@%&%ﬂﬂ@%l@@rrﬂt@@ Q%ﬁ%ﬁ%@ﬁg%%i&ﬁh@ﬁ\!n_ Wit_h th? structure of
FIG. 4 inverted and with the temporary carrier 302 ot FIG. 3 removed. The top redistribution line 126 can

be deposited directly on tFeRaivél Sfebeob difrevtsis idaidhlrr ke 42 8issH e ROGIAEANS B5nnect the
structure top padcldidearzbthedlevice ganifleiatly shorteRefardingpatvhtpalGs Gotiyeiet s @hewn the
structure of FIGkS in a repassivation layer deposition phase. The top re-passivation layer 128 can be
deposited onfthe &ricture top side 106, the encapsulation 124, a portion of the active side 120, and the
top redistribution line 126 It has beeT ectppctedhagsivrtio thixyer dpBcentlyihidheletheidnsieof Beaformed over

an interior poFHRRAIHNE ACHNS G Hh4Re Rl SHAMBILa e LA AL ROSHARCAB-AGI 3RQFHAN @l a center of

the active side 120. Referring now to FIG. 7, therein is shown the structure of FIG. 6 in a thermal
interface apphcitibphake! SPriverie ety dies ke G maporied Wikl noié 1502 The thermal
interface 134ceaphredarmac puacihs. interior portion of the active side 120. For example, the thermal
interface 134 can include g thermally CoNGHENS Ryl InelYdng 2 fermal e aqRmaRraL M)
circuit packaging system 100. The top plan view depicts the active side 120, shown as a dash
square, with the device pad 122, shown as a dash circle.
The device pad 122 can be formed in a peripheral array along a periphery of
the active side 120. For illustrative purposes, the device pad 122 is shown as a circle,
although it is understood that the device pad 122 can have any shape including a square, a
rectangle, or a circle.
The thermal interface 134, shown as a dash square, can have an interface
surface area smaller than a die surface area of the active side 120. The interface surface area
can be a contact area that is connected to the heat sink 140. The heat sink 140 can have a
surface area larger than a surface area of the active side 120.

The interface surface area can be a sufficient area that can be used to dissipate

heat from the active side 120 to the heat sink 140. For example, the interface surface area can



Referring now to FIG. 8, therein is shown the structure of FIG. 7 in a heat sink attachment phase. The
heat sink 140 can be mounted over the top re-passivation layer 128 and the thermal interface 134. As
shown with an arrow, the heat sink 140 is shown in a process of being mounted. The heat sink 140
can be attached over the active side 120 with the thermal interface 134 between the heat sink 140 and
the active sidee RpPrOXeatednd Sikio ravramilionwes thenprotilissb ns 1t garreayivatehe thefrmdlanterface 134

with the thermaliinledres Aapdikasiikioninsinigriar pariang! heastvesidek2Qandyvithin the hole
130. Referring now to FIG. 9, therein is shown the singulated structure of FIG. 8 in an external

connector attachment phal% FREBER FUHIHIbERHoR e %440 ABe TBOMR At S structure
bottom side Hedwdear iaxatenile, phe bzittand regisiphettiost line ikddaasd badonmed. byrhuicingegp a routing
circuit directly o0 the structire bottom side. 104, . He haston te passivalign layer,f46,can be
deposited on the structure bokom side f(%, the éhcapsullna%ion ﬁail, and the botton reglstn%ution line 144.
The bottom repsssilvatdiliagernaslbamiteiale EhpholegedFosindafponidrndhchet bodtonhiadistribution line
144. The bottom-irdistibltian ding.d 44.6an ke altrehadie e fxterpal GONRARION 148 yithin the hole.

The external connector 148 can be electrically connected to the bottom redistribution line 144. The
external connector 148 cadHENaSMeAda doHiEEivy IR B SIS 55 RBH Yedi At b RABIMne 144 and
external systemse integrafe@rogcaimplekilatmexisraal comnareiontid s cashméormediFaR ariayaincluding a

full array, an gler%%eagt%yh%%%%egrr;‘ppegﬁl nellgr%?/acﬁ\llrseq fthex m CIee, a’;’_}éecﬁxtem connector l%ﬁg can include a

. ? (5] mentop ase can 1n 2%
conductive material including er, a metal, or a' metallic alloy. Further, far example, the external

connector 148aerde gacoeiddeliveibchmsetoddneludimgra solderdadr mountinPhdh mtersrradistribution line
144 can electiicalircopnagh the strusticg bediem f@ﬁi?e@ﬁi%ﬁ}goﬁtruﬁ{l:‘ I betam SidR Qhard the
C

external connector 148. The bottom redistribution line 144 can re-route an electrical connection between
the structure BEBIH (ad "HePeef the BlEnTarcioHeRts Pagnd the intpgeated CAicdigh M4 B connected
to the externaieonyestoe iddporrichaasst Be2formed adjacent the inactive side 118 opposite to the active

side 120 of the integrated.gircuit 116. The electrical signa connected to the external connector
148 by the interconnect st SIS e Gp OB 136 T e LM St Buton ine
144. PRIk abe sitrguiatibeireaiy b parformedntodcorislete ithpaibkagei aisEenbily bkthesiigtegrated

circuit packaging sysiaae b Qirctig YRt GAPHAUAE RA@Less including a mechanical or optical

procedure that can be used to produce individual package units of the integrated circuit packaging system
100. Referring nowRFFIB2 19 thierditFis ShBRiTA &toSe¥RABRAT SMITHP o’ FIGY™ of an
integrated cirewhpackaginphaystenTdO0hapsacand embadimenbahtde piesant saventionthEne

integrated circuit packaging system 100 n be formed.in a ner.similar to integrated circuit
ackaging oy BT or I QL2 et i A et i d o rohe e 1980 P | the
thermal interfaceusl teFi@emahmpibemheattsink a4 opf- @ linterconnect structure 102.  The

encapsulation 124 can be formed within the cavity 112 and surrounding the inactive side 118
and the non-horizontal sides of the integrated circuit 116.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 in a
redistribution line deposition phase. The redistribution line deposition phase is shown with
the structure of FIG. 4 inverted and with the temporary carrier 302 of FIG. 3 removed. The
top redistribution line 126 can be deposited directly on the active side 120. The top
redistribution line 126 can electrically connect the structure top pad 110 and the device pad
122.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 in a re-
passivation layer deposition phase. The top re-passivation layer 128 can be deposited on the
structure top side 106, the encapsulation 124, a portion of the active side 120, and the top

redistribution line 126.
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The integrated circuit packaging system 1000 can include an interconnect structure 1002 having a
structure bottom side 1004, a structure top side 1006, a structure bottom pad 1008, a structure top pad
1010, and a cavity 1012. The interconnect structure 1002 can be formed in a manner similar to the
interconnect structure 102 of FIG. 1. The integrated circuit packaging system 1000 can include an
integrated circuit 1016 havihg) @n iigarase dide 10¢8 13# sutivechide thodwladdlafdevideqyad 4022. The

integrated CirgldtiBREKAMINGSYSIRMVLQHR Gap. i%m&ﬁﬁlér!ﬁ@ﬁﬁb'ﬂﬁiig@rﬁ@@ﬂaﬁﬁﬂ a feRribadistribution line
1026 (RDL). The integrated circuit 1016, the encapsulation 1024, and the top redistribution line 1026 can

be formed in MM AeRtiEri8 e ntegrated circuit 116 of FIG. 1, the encapsulation 124 of FIG. 1, and
the top redistribution line RKfeaifgd Govl (sd8pedtivalitin is shovintdp retpeassivatitn. layen IR2Hhdan be

formed on the structure top side 1006, the encapsulation 1024, the active side 10 d I% top
redistibution TS ABAE P L e he o BT 008 e e RS B B8 e ccve
side 1020, and¢tberop retidadbUid s dinee foxeett onsichatatairrationione the sdipasdidtidonayer 1028 also

electrically insulates the SEUGUTEIRARIEE 3006, theigncansuiation 102t dhe agtive sifpilg20. and the

top redistribution line 1026. __The top re-passivation layer 1028 can be deposited without a hole or
an opening tdhsEva! SrieriarssRaigidt FMWtop re-passivation layer 1028 can have a top repassivation
thickness 1032, which camrpfaieighbmwoe FGsamprexiinake wangesatOulrdiCFRomatars fann ik 20

micrometers (um). A thermal interface 1034 can be formed over the top.re-passivatigy layer 1028.
The thermal AR THPCrALGT O 0S ET 0y AACER R T e el e vy
interface 103anddhebdatirettyiafachel fdp rasphosivatioh tayarag2@e heat sipk HéAtisipko¥040 ean be
mounted ovepthedhargal dnteiiacg 1034. The heat sink 1040 is a component or an assembly that

transfers heat generated from the active side 1020 of the integrated circuit 1016. The heat sink 1040 can
be directly on the thermal ThePete 1340 AR Peatidshed1040 Car iy ol thedartibdhsiderpdo.
The integratedteitatit yBackagiog systasat 1900 cAnFnclideaaibotiar redistributien knk 10044RDL), a

bottom re-passivation layer 1046 .an external connector 1048. The ttE redistribution line 1044,
the bottor re. L ARG IR Er L o4b CLSH g e Lot b i B H et s Hner s
to the bottom!rddiswitlutiorhimmteddr ppRI@. o ttieedsoteondard 20 asdivetion tes/eeld 480of FIG. 1, and the

external connector 148 Of e {Grriho RIREGHIEN0, therein il REGMGAPSHIHAR A ARt GANJIPEII] AN

encapsulation bottom side 1050 and an encapsulation top side 1052. The encapsulation 1024 can be

formed in a MBS SRS e Geasetirtiof 158°dioRg! edistribution line 144 can be formed

directly on the structure bottom side 104. For example, the bottom redistribution line 144 can
be formed by building up a routing circuit directly on the structure bottom side 104.

The bottom re-passivation layer 146 can be deposited on the structure bottom
side 104, the encapsulation 124, and the bottom redistribution line 144. The bottom re-
passivation layer 146 can include a hole exposing a portion of the bottom redistribution line
144. The bottom redistribution line 144 can be attached to the external connector 148 within
the hole.

The external connector 148 can be electrically connected to the bottom
redistribution line 144. The external connector 148 can provide electrical connectivity
between the bottom redistribution line 144 and external systems.

For example, the external connector 148 can be formed in an array including a
full array, an area array, or a peripheral array. Also for example, the external connector 148
can include a conductive material including solder, a metal, or a metallic alloy. Further, for

example, the external connector 148 can be a conductive connector including a solder ball.
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It has been discovered that the heat sink 1040, the thermal interface 1034, the top re-passivation layer
1028, and the active side 1020 of the integrated circuit 1016 are in direct contact resulting in significantly
improved removal of heat from the integrated circuit 1016. Referring now to FIG. 11, therein is
shown a cross-sectional view similar to FIG. 1 of an integrated circuit packaging system 1100 in a third
embodiment of the presenklipverition. Pistiiteératidccitéditpackiaginer By stemert Obecamusaiformed in a

manner Sim”%&@rﬂlﬁ‘aﬂ@@tﬁl@ GreLit-PaskaRInYSYSiemikA0 Sdria: bngxGEPI QT the: fsmaation of the
interconnect structure 102 of FIG. 1, the encapsulation 124 of FIG. 1, the top redistribution line 126 of

FIG. 1, the tofSHEUBEEAS /£ Tro 8 BHHHEs it RORPEFHR™ DRVEIoRIBS 1Tt B SRBAT T B¥lstribution
line 144 of FI®Shnanikkihedpaitoomie:padgi/ation layer 146 of FIG. 1. In addition, the integrated circuit

packaging system 1100 can be formed in a manner similar to the integrated circujt,packaging system 100
D FIG. 1. oxcept for an aduiui Al Coi U QSR et R e b 3 RS O 1 1
The integratelt dronidpadikerinth e ysteivel 100 Ebh onehsde nthetertionmeds $BQefutle inG2rawHich provides
a structure foéiféﬁﬂnﬁfé!nm@f{@lé@&iégﬂ@&ﬁﬁk 9&%?%@%1@%%’@@ EBQB%'@xfEH%l!Q@{WQSSE&'QHéVe 110_2 can
include a structure bottom side 1104 and a structure top side 1106 opposing the structure bottom side

1104. The intfeSARK StrtcHiFe! 940 CiR Hedishbuieaity 44qnd the botem frdisibyHerducture 1102

can include algertical interconnect 1114, which electrically connects the structure bottom side 1104 and
the structure top side 1109ac he vertlc%lltmterco nect.1114 ¢an be formed gprmggh t§11§ |n2[ﬁ:%%nnect

structure 1102 between the stricturé bottom side 1102 %?1((11 the's uect?uaré) %opag? e 1 te structure

bottom side 101Q4raind thewtrpeclirgitgpssiden 106 cérhnselélentﬁ@alW@@dm@mw&huﬁéd?@t'@al
interconnect 111, .Jhe Gayitehldcambamieines.thionahpialane ff aden praLkthe veitigrl

interconnect 1114 and a plane of a bottom end of the vertical interconnect 1114 in central portions of the
planes of the IS &Hd SHEMhBABEREM BEBH interconnect structure 1102. The vertical
interconnect 1114 can be Retafidyclive pilfAG.al comdttive ¢okimin coaosiductivevitudsbritapia conductive

ball, or a con tive plated via. The vertical interconne 14 can be formed with onductive material
e o e B B O L R B e 1
can be formedventrtiplberoviegrathé aretic abifteiopnmgen10g camtsefdonerbth in mapesiphersirarray

surrounding @6‘t%%@ﬁfé&@ﬁ%tﬁﬁa@ﬁa‘é@s%i@@@F&Y%‘ﬁh@'q,H@@pt%r%@@nﬂ&i@oﬁ%@%%ﬂ a device

pad 1122. The integrated circuit 1116 can be formed in a manner similar to the integrated circuit 116 of
FIG. 1. re-pHS3HBraxchi thie pllfaity B therratiririnterchntlddCr 11 A W ahsHfvK*8r arrayed,

define a planef@fitha structure top side 1106. Similarly, the bottom ends of the plurality of the vertical
interconnect 1114 formed,j rOV\E)S or aJraE{ed defilp]ae f/é)lane of BS structur %ottom ide 1104.
c cd C acC >gll‘l an 1

N B Mousted edtireFWithin the gavﬂycﬂfﬂ‘f €

The integrated circuit 111 can b&'moun e verﬁc%??rll]fleercctonnect 1114
can be adjacemcunondidriromal sidechthdatiteyratedlOf¢uit dttugure top side 1006, a structure

bottom pad 1008, a structure top pad 1010, and a cavity 1012. The interconnect structure
1002 can be formed in a manner similar to the interconnect structure 102 of FIG. 1.

The integrated circuit packaging system 1000 can include an integrated circuit
1016 having an inactive side 1018, an active side 1020, and a device pad 1022. The
integrated circuit packaging system 1000 can include an encapsulation 1024 and a top
redistribution line 1026 (RDL). The integrated circuit 1016, the encapsulation 1024, and the
top redistribution line 1026 can be formed in a manner similar to the integrated circuit 116 of
FIG. 1, the encapsulation 124 of FIG. 1, and the top redistribution line 126 of FIG. 1,
respectively.

A top re-passivation layer 1028 can be formed on the structure top side 1006,
the encapsulation 1024, the active side 1020, and the top redistribution line 1026. The top re-

passivation layer 1028 protects the structure top side 1006, the active side 1020, and the top
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The integrated circuit packaging system 1100 can include an encapsulation 1124, which covers a
semiconductor package to seal electrical devices providing mechanical and environmental protection. The
encapsulation 1124 can be a cover including an encapsulant or a mold material. The
encapsulation 1124 can partially cover the interconnect structure 1102 and the integrated circuit 1116.
The encapsufediowibutiog chire bERS nieehs aprsuntiviepan ekberrield neriferizonrallaxafat&df ahe vertical
interconnect Il ddicTineigheapswation A2t sadselasedhe wapicalistereanaeciclid4iangdoapother of the
vertical interconnect 1114, The encapsulation 1124 can be formed surrounding the inactive side 1118 and
non-horizontaP it Wr st gt 1116. A top redistribution line 1126 (RDL) can be
formed directly on the actiVeeside 1lgfsiVagoiopasedistidution tinelcpbieeledtticadly ¢conmnectarthe vertical
interconnect 1114 at the structure tgp side 1#%% and the device pad 1122 cThe top redistribution line 1126
can route electricarconnection betweer the device| padpﬁi&aand the verfical interconnect 1114. A
top re-passivedioryasiger thikgasanl Bé2forrhed grinhereietadinrédeop sivle PO tsctopnsiardr Sdrface of the

encapsulatiop,dgethe @atiMe siigidrbaRi@neithe top redistribution line 1126. The top re-passivation
layer 1128 protects the structure top side 1106, the active side 1120, and the top redistribution line 1126

from contamination. The topth&r %éﬂfﬁ‘if?)‘f?lé%‘tl £32 6 LY BIECHIERINSHERIATRE NN T top side
1106, the toplpinarisutacedinod 2paapsulatiteriihi4 dhelactivd Sicahkl 26 vadd Heet iegmsadistribution

line 1126. The top re-passiyation layer 1128 can include a hale exposing a portion of the active
aite 1126, A T e R B B Y085 i the ot A
second conductive conneétdredti gakcHitheaatbechednigdoereadtivahsigenh maatogichiA3dnothehedtthe hole. For

example_, thesﬂ{ﬁtl‘%ﬁﬁqsl%ﬂé’&rﬁa%ﬁaﬁ%i?5&%%@@}6‘61 the: seeoRe %Qﬁg&@fﬁ&f)ﬂﬂﬁﬁﬁ’é 4433 cr be thermally
conductive connectors including thermal solder bumps. The first conductive connector 1136 and

. ps. |
the second cofdlchivEcHifEatot $184 Ll be doRrkeietio HIREHLES bRy O thie Betv! side 1120.
The bump padsaseecacEhpads that pavide slastecakconnesiivityo26or example, the bump pads can

be contacts pads includingrsolder blg{{p&) ?rgg,ﬁ ﬁagh%.';/r%eefir&g co %ldBti\égncol%pnﬁ%ozréllb%gt and the

R
. € T . (0) .
second conductive connect%r 115 provuﬁe conne een the active side and a heat sink

1140, which isdistornpontnt 69En(BBiemblgtttatreransians drelay gelidtaiod fromrthieabetveediele 1120 of the
integrated cirgyig 1140, RHGad Qfidsingishtngemeakintgifassmateriakiiiintng frsbeensictive connector

1136 and the second conductive connector 1138 can be used to contact the heat sink 1140 and the bump
pads. Top poftiGHE bf Rt LsidiicnVe ToanF Etcr 1B aHEN e \SBERATERH BRLIRAR & or 1138 can

be exposed fiamdhEIRA rerpassiratiopdayeribhddystchotbarite firsiCordueiivial connatton 4436 and the

second condu&iilﬁ clonnectg)r ]1138 can be attached to the heat sink 1140. For illustrative
[0) Cl1V
purposes, the

irst conductive connector 1136 is shown having a shape of an oval, although it is
understood that the first cdhdaetapsdaineretidd taBadaderanancapyusitapeb s feteill08bratidenpurposes,

the second cepduclive SPRR&SIENH3S8 1 SAWPNRYING RSaRewR! B kS, a/ihaueh dhiknderstood that
the second conductive connector 1138 can have any shape.
the encapsulation 124 of FIG. 1.

It has been discovered that the heat sink 1040, the thermal interface 1034, the
top re-passivation layer 1028, and the active side 1020 of the integrated circuit 1016 are in
direct contact resulting in significantly improved removal of heat from the integrated circuit
1016.

Referring now to FIG. 11, therein is shown a cross-sectional view similar to
FIG. 1 of an integrated circuit packaging system 1100 in a third embodiment of the present
invention. The integrated circuit packaging system 1100 can be formed in a manner similar
to the integrated circuit packaging system 100 of FIG. 1, except for the formation of the
interconnect structure 102 of FIG. 1, the encapsulation 124 of FIG. 1, the top redistribution

line 126 of FIG. 1, the top re-passivation layer 128 of FIG. 1, the heat sink 140 of FIG. 1, the
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The heat sink 1140 can be mounted directly on the top re-passivation layer 1128. The heat sink 1140 can
be over the active side 1120. The heat sink 1140 can be mounted directly on the top portions of the first
conductive connector 1136 and the second conductive connector 1138. The heat sink 1140 can be
thermally connected to the active side 1120 with the first conductive connector 1136 and the second
conductive coatestsedistgBution line A4dopfoirebigtribiitdrotiva letaapiROON dayebiHopinE@directly on the
structure botigmsigied Hdinihg.Retiarasegisitauion lisg 1144 Glesticalhscanaesisibaivatical

interconnect 1114 to provide connectivity to an electrical connector. The bottom redistribution line 1144
can route ele@RIGHNEL F BeRirsaR 18 Sl 8 LS He b6 b iy AT Ner R HsEE 1114,
Instead of a prniect@y auit Wohod: (REBriae imntefaenrsgasfSiigcture 1102 can include the vertical
interconnect 1114. The Ve ical Eterg:e%nnect.tllgal can be L}sed f?O%IeCctricalhé dgtgﬁconnect tQ& top

S %ﬂ 32\ %lgt mterconn

redistribution line 1126 and the bottom redistribution line L om re-passivation layer 1146

can be formedragfuitel sfhctivelopruidesidstntode fioe sonesringlandmwitios of dhestanehbgsidation 1124,

and the botto: redistithitioR lingdd4drEhgbPitam fe-Ragsivation.layer veldh iate¢ipiha gtructure
bottom side 1104 and the bottom redistribution line 1144 from contamination. The bottom re-passivation

layer 1146 al$8 SIRE RS SRR IR S TR BSHYIN SIdE 1944 th NS SRS FROpRSar EifikiEe of the

encapsulation 10224n anduideeakattioy redistribution line 1144. The integrated circuit packaging

system 1100 can include qﬂeextgrnal connzrctqr 1148 The exttitr,ﬁgl ac%rrhecgrgog %148 can ?lfi)rmed ina
t

.. terconnect Structyri can 1nc nierconnect .
manner similar to the external Connector 148 of Igl(ls f e plane o structure bottom side

1104 can be ebslaustaciithlia pfamectt dia encapsubatiom bisttohhsided t8Gwichecenpapbuld®on 1124. A

plane of an 9@&@9%%@@9%&9&&9&4hﬁ?@@&ﬁlelﬁn_ﬁﬂﬁ%ﬂ%ﬂ%é{ﬂf}eaﬂl@e{@&ﬂ%@&m&ﬁ@ ugctyse top side
1106 and the active side 1120 can be coplanar with each other. It has been discovered that the

first conductiVe ¥EFMBESFUCtEs Beftrth e e LENPRO NS ED FiRettsr 1 988 T sty HEPRUYR to the heat
sink 1140 resiudts ingignificaststamomat@f kidat from die mcte sicelyl tathedtaeviite giatedtkiscuit 1116.

It has been unexpected| nd. that the fi ondugctive co ctor,1136 and the seco onductive
conmentor 110 e e B e A B e e R o P,
Referring nowett®@IGnt¢zotimeeeihl ist sirdverpkufioof eHattoh @rdethdd 1200 fimraenmerstuléldfithe integrated

circuit packaging-SYiRMHnL AP i EHL06F BRORPAMENHQhINGREESER BIMEOHAB IR Methed 200

includes: providing an interconnect structure having a structure bottom side, a structure top side, and a
cavity, the stlUétire bottom side electrically connected to the structure top side in a block 1202; mounting
an integrated circuit entirefhavitbidiieisayibhike integraiadeirguiohavdtigeapipgtive sialdweaptanar with the

structure top siie i 2 blagk 1204 {prmino 20, encapsulaion parlially covering e iniercannept structure
and the integra ed Circu&l, the encapsufg |’onchavmg an en’capsu?é]tlon op side coplanar wi Yithe structure
top side and thieraetivessidd 4ncanbleckotR@b wishnaingral topvrerpassivationdmgeeapper thasteatture top side

and the encapgilatipnina.Riack 1208 aRdmaunting a heat sink over the top re-passivation layer for
removing heat from the active side in a block 1210.
The vertical interconnect 1114 can be formed in multiple rows. The vertical

interconnect 1114 can be formed in a peripheral array surrounding an integrated circuit 1116
having an inactive side 1118, an active side 1120, and a device pad 1122. The integrated
circuit 1116 can be formed in a manner similar to the integrated circuit 116 of FIG. 1.

The top ends of the plurality of the vertical interconnect 1114 formed in rows
or arrayed, define a plane of the structure top side 1106. Similarly, the bottom ends of the
plurality of the vertical interconnect 1114 formed in rows or arrayed, define a plane of the
structure bottom side 1104.

The integrated circuit 1116 can be mounted entirely within the cavity 1112.
The vertical interconnect 1114 can be adjacent a non-horizontal side of the integrated circuit

1116.
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Thus, it has been discovered that the integrated circuit packaging system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and functional
aspects for heat removal. The resulting method, process, apparatus, device, product, and/or system is
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be surprisingly and
unobviously implemented By adgpthtef keiswit neckminsgiesicand]Qhecuiebirigilgnseigagstdpteticiently and

eCO”0mica|Mmr,‘UJ%%WE%H@&%@%&%&E@Wtﬂﬁa&l@%‘&W&%%%JM%RQE‘}%U@&M&E%&%”“Ona'
manufacturing methods or processes and technologies. Another important asi)ect of the present

invention is tAAH iCOXHARBI S BEYES U setfcst s HiioticH e At oPfeutine cOStdiGmAllfying
systems, anctiapealaingperforinaneeial. These and other valuable aspects of the present invention
consequently further the s}%%eeof the tchln]fqlgggato at leﬁ}g,_t the next level. Whgq fH? in(){ention has

. . . nca sula 10 N parti cover the 1nterconnect structur .
been described in conjunction with a specific est?no e’itisto be un erstooé tﬁa many §Ittlernat|ves,

modificationsthanetegagiati eirs wilill b agpareivanyuhiose skifeehrinbthéorrethshigiotoditiicanfortegesihg

description. Ageaiginghtaitisiniended (Ramblactallstch alterativgspfpdifications.andiyariations that
fall within the scope of the included claims. All matters hithertofore set Forth herein or shown in the

accompanyirf§cdrifiings Wetsmsshtttpred inphnuttalffe ¥HHRSAMNRANIGESENSE A WhitSs claimed is:
1. A method efidcnanufiaaiure2af an inde@iaiedl cireuihdiagkaginggystanecoOMPrisingopridisigadn
interconnect struct rﬁ havingtg?structrﬁ ttom side, a structure top side, and a cavity, the structure

ecte

. the 1nt . . . i T ; o
bottom side elecirica ?/lcr:loerﬁgn 'd't0 the structure top side; mounting an integrated circuit entirely within

the cavity, the integrated értntrpdisinbudinndeny &2 Edplamabaiohnbé dtagduse tapasieks; fidaming an

encapsulation partiglly cpvetnghiedntereanpeciinciye anddhenniraraiethcicHitothe gncapsulation
having an encapsulation top side coplanar with the structure top side and the active side;
the structure top side 1106 and the device pad 1122. The top redistribution line 1126 can

route electrical connection between the device pad 1122 and the vertical interconnect 1114.

A top re-passivation layer 1128 can be formed on the structure top side 1106,
the top planar surface of the encapsulation 1124, the active side 1120, and the top
redistribution line 1126. The top re-passivation layer 1128 protects the structure top side
1106, the active side 1120, and the top redistribution line 1126 from contamination. The top
re-passivation layer 1128 also electrically insulates the structure top side 1106, the top planar
surface of the encapsulation 1124, the active side 1120, and the top redistribution line 1126.

The top re-passivation layer 1128 can include a hole exposing a portion of the
active side 1120. A first conductive connector 1136 can attached to the active side 1120
within the hole. A second conductive connector 1138 can be attached to the active side 1120
within another of the hole. For example, the first conductive connector 1136 and the second
conductive connector 1138 can be thermally conductive connectors including thermal solder
bumps.

The first conductive connector 1136 and the second conductive connector
1138 can be connected to bump pads formed on the active side 1120. The bump pads are
contacts pads that provide electrical connectivity. For example, the bump pads can be
contacts pads including solder bump pads.

The first conductive connector 1136 and the second conductive connector
1138 provide connectivity between the active side 1120 and a heat sink 1140, which is a

component or an assembly that transfers heat generated from the active side 1120 of the
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forming a top re-passivation layer over the structure top side and the encapsulation; and mounting a heat
sink over the top re-passivation layer for removing heat from the active side. 2. The method as
claimed in claim 1 wherein mounting the heat sink includes mounting the heat sink, the heat sink larger
than the integrated circuit. 3. The method as claimed in claim 1 wherein: mounting the heat sink
includes mounthsiptte pieatisihkl onhestead @ thunstraclipantd priiécana figrine Edhptikingrstonnecting

an external ceiRgetRe O estuattse Rotie R side cthadiadt sihaieknasd-thredafthe sxteinal
connector. 4. The method as claimed in claim 1 wherein mounting the heat sink includes mounting the

heat sink haVitfg"53hbtrusian arliHe Remperatte. Top BoriRRs etolrslccendistiteinoamifer WhBrein: forming
the top re-passivaiiordayéerdndludes tonmiogrthesparebpassisatigrolayke tipviegadhaleoranger

1128 such that the first conductive connector 1136 and the second conductive connector 1138
can be attached to the heat sink 1140.

For illustrative purposes, the first conductive connector 1136 is shown having
a shape of an oval, although it is understood that the first conductive connector 1136 can have
any shape. Also for illustrative purposes, the second conductive connector 1138 is shown
having a shape of a circle, although it is understood that the second conductive connector
1138 can have any shape.

The heat sink 1140 can be mounted directly on the top re-passivation layer
1128. The heat sink 1140 can be over the active side 1120. The heat sink 1140 can be
mounted directly on the top portions of the first conductive connector 1136 and the second
conductive connector 1138. The heat sink 1140 can be thermally connected to the active side
1120 with the first conductive connector 1136 and the second conductive connector 1138.

A bottom redistribution line 1144 (RDL) can be formed directly on the
structure bottom side 1104. The bottom redistribution line 1144 electrically connects the
vertical interconnect 1114 to provide connectivity to an electrical connector. The bottom
redistribution line 1144 can route electrical connection between the electrical connector and
the vertical interconnect 1114.

Instead of a printed circuit board (PCB), the interconnect structure 1102 can
include the vertical interconnect 1114. The vertical interconnect 1114 can be used to
electrically interconnect the top redistribution line 1126 and the bottom redistribution line
1144.

A bottom re-passivation layer 1146 can be formed on the structure bottom side
1104, the bottom planar surface of the encapsulation 1124, and the bottom redistribution line
1144. The bottom re-passivation layer 1146 protects the structure bottom side 1104 and the
bottom redistribution line 1144 from contamination. The bottom re-passivation layer 1146
also electrically insulates the structure bottom side 1104, the bottom planar surface of the

encapsulation 1124, and the bottom redistribution line 1144.
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mounting the heat sink includes mounting the heat sink having a protrusion on the active side and within
the hole. 6. A method of manufacture of an integrated circuit packaging system comprising: providing
an interconnect structure having a structure bottom side, a structure top side, and a cavity, the structure
bottom side electrically connected to the structure top side; mounting an integrated circuit entirely within
the cavity, the integrated difeuitnteavitesl apigstiveasikigiospkanignyith @b ecsrudklrdaopnsigefaiming an

encapsulatiopRactially 199¥e g thedier cORRash ST uMUE s and ihgdategratachaircuilihe gngapsulation
having an encapsulation top side coplanar with the structure top side and the active side; forming a top

redistribution S BHSARRESIOr SRt {o the structure top side and the active side; forming a top
re-passivation layer over thie:gtrieiufehiograiderabetihie efcapsutatide,dbpgatop wedpaptivavonnlayer directly

?rgrﬂ‘fhte"p redIRUIRUR0 DS SRAFROHNG B eRLAN. Q¥ 5 1O [ERASPIVRUQD Javgh i sgmoving heat
side 1152 of the encapsulation 1124 and planes of the structure top side 1106 and the active
side 1120 can be coplanar with each other.

It has been discovered that the first conductive connector 1136 and the second
conductive connector 1138 directly connected to the heat sink 1140 results in significant
removal of heat from the active side 1120 of the integrated circuit 1116.

It has been unexpectedly found that the first conductive connector 1136 and
the second conductive connector 1138 provide significant heat transfer from the active side
1120 to the heat sink 1140.

Referring now to FIG. 12, therein is shown a flow chart of a method 1200 of
manufacture of the integrated circuit packaging system 100 in a further embodiment of the
present invention. The method 1200 includes: providing an interconnect structure having a
structure bottom side, a structure top side, and a cavity, the structure bottom side electrically
connected to the structure top side in a block 1202; mounting an integrated circuit entirely
within the cavity, the integrated circuit having an active side coplanar with the structure top
side in a block 1204; forming an encapsulation partially covering the interconnect structure
and the integrated circuit, the encapsulation having an encapsulation top side coplanar with
the structure top side and the active side in a block 1206; forming a top re-passivation layer
over the structure top side and the encapsulation in a block 1208; and mounting a heat sink
over the top re-passivation layer for removing heat from the active side in a block 1210.

Thus, it has been discovered that the integrated circuit packaging system of the
present invention furnishes important and heretofore unknown and unavailable solutions,
capabilities, and functional aspects for heat removal. The resulting method, process,
apparatus, device, product, and/or system is straightforward, cost-effective, uncomplicated,
highly versatile and effective, can be surprisingly and unobviously implemented by adapting
known technologies, and are thus readily suited for efficiently and economically
manufacturing integrated circuit packaging systems fully compatible with conventional

manufacturing methods or processes and technologies.
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active side. 7. The method as claimed in claim 6 further comprising: forming a thermal interface
directly on the active side; and wherein: mounting the heat sink includes mounting the heat sink directly
on the thermal interface. 8. The method as claimed in claim 6 further comprising: forming a thermal
interface directly on the top re-pas sivation layer; and wherein: mounting the heat sink includes mounting
the heat sink directly on thneiiegrriinpieMazs@ect ofghg RecsprithvdHBElkithadiiny diebhy s¥oPhEr comprising:

and services the historical trend of reducing costs, simplifying systems, and increasing
performance.

These and other valuable aspects of the present invention consequently further
the state of the technology to at least the next level.

While the invention has been described in conjunction with a specific best
mode, it is to be understood that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the aforegoing description. Accordingly, it is
intended to embrace all such alternatives, modifications, and variations that fall within the
scope of the included claims. All matters hithertofore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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attaching a conductive connector to the active side; and wherein: mounting the heat sink includes
mounting the heat sink directly on the conductive connector. 10. The method as claimed in claim 6
wherein providing the interconnect structure includes providing the interconnect structure having a vertical
interconnect between the structure bottom side and the structure top side. 11. An integrated circuit
packaging sy$te#itelHprsitig: an interconnect structure having a structure bottom side, a structure top
side, and a cavity, the structure bottom side electrically connected to the structure top side; an integrated
circuit entirely withif-the cavif)etlirtb gty asiesit Havihg 'AlrEatide SaEoMEF AR RFitHES tructure top
side; an encapswstiog: partially covering the interconnect structure and the integrated circuit, the

encapsulation having an encaﬁg{latlon fop. rllcllgz[ coqllanar with thgu structure to thg active side; a

ide and
on’ 4 A b R SOGAN
top re-passivation | y(t)—:'vr1 ovErthe structure top side aﬁg%ﬁeaesn%lgpsfﬁlaﬁo%l?asﬁde a’heat sink over the top

re-passivation layer for residsvingdeatayiyn the siotiferaitiettom side electrically connected to the

structure top side;

mounting an integrated circuit entirely within the cavity, the integrated circuit having
an active side coplanar with the structure top side;

forming an encapsulation partially covering the interconnect structure and the
integrated circuit, the encapsulation having an encapsulation top side coplanar
with the structure top side and the active side;

forming a top re-passivation layer over the structure top side and the encapsulation;
and

mounting a heat sink over the top re-passivation layer for removing heat from the

active side.

2. The method as claimed in claim 1 wherein mounting the heat sink includes

mounting the heat sink, the heat sink larger than the integrated circuit.

3. The method as claimed in claim 1 wherein:
mounting the heat sink includes mounting the heat sink connected to the structure top
side; and
further comprising:
connecting an external connector to the structure bottom side, the heat sink grounded

through the external connector.

4. The method as claimed in claim 1 wherein mounting the heat sink includes

mounting the heat sink having a protrusion on the active side.

5. The method as claimed in claim 1 wherein:

forming the top re-passivation layer includes forming the top re-passivation layer
having a hole; and

mounting the heat sink includes mounting the heat sink having a protrusion on the

active side and within the hole.
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12. The system as claimed in claim 11 wherein the heat sink is larger than the integrated circuit. 13.
The system as claimed in claim 11 wherein: the heat sink is connected to the structure top side; and
further comprising: an external connector connected to the structure bottom side, the heat sink grounded
through the external connector. 14. The system as claimed in claim 11 wherein the heat sink has a
protrusion on the aétive sie.methad afhengputechiees efaimedniisgiiah Tlravhiersigkagiegtop/sepassivation
layer has a hglg;aRhihe heat sink has a protrusion on the active side and within the hole. 16. The

system as claimed in claim 11 further comprising: ) _
prov1d1ng an interconnect structure hav1ng a structure bottom 31de, a structure tOp

side, and a cavity, the structure bottom side electrically connected to the
structure top side;

mounting an integrated circuit entirely within the cavity, the integrated circuit having
an active side coplanar with the structure top side;

forming an encapsulation partially covering the interconnect structure and the
integrated circuit, the encapsulation having an encapsulation top side coplanar
with the structure top side and the active side;

forming a top redistribution line electrically connected to the structure top side and
the active side;

forming a top re-passivation layer over the structure top side and the encapsulation,
the top re-passivation layer directly on the top redistribution line; and

mounting a heat sink over the top re-passivation layer for removing heat from the

active side.

7. The method as claimed in claim 6 further comprising:
forming a thermal interface directly on the active side; and
wherein:
mounting the heat sink includes mounting the heat sink directly on the thermal

interface.

8. The method as claimed in claim 6 further comprising:
forming a thermal interface directly on the top re-passivation layer; and
wherein:
mounting the heat sink includes mounting the heat sink directly on the thermal

interface.

9. The method as claimed in claim 6 further comprising:
attaching a conductive connector to the active side; and
wherein:
mounting the heat sink includes mounting the heat sink directly on the conductive

connector.
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a top redistribution line electrically connected to the structure top side and the active side; and wherein:
the top re-passivation layer is directly on the top redistribution line. 17. The system as claimed in claim 16
further comprising: a thermal interface directly on the active side; and wherein: the heat sink is directly on
the thermal interface.  18. The system as claimed in claim 16 further comprising: a thermal interface
directly on the top rélpasshitiveiagers; dritedHedimmihe hesatngpriyidiogrthetiplorseneceh sirrilinterface.

19. The systef ag.clmeaig tRIMER BN CRMBFSING R CONAHRUYE RORDRAIAr Blidebedio the active

side; and wherein: the heat sink is directly on the conductive connector.
structure bottom side and the stricture top side.

11. An integrated circuit packaging system comprising:

an interconnect structure having a structure bottom side, a structure top side, and a
cavity, the structure bottom side electrically connected to the structure top
side;

an integrated circuit entirely within the cavity, the integrated circuit having an active
side coplanar with the structure top side;

an encapsulation partially covering the interconnect structure and the integrated
circuit, the encapsulation having an encapsulation top side coplanar with the
structure top side and the active side;

a top re-passivation layer over the structure top side and the encapsulation; and

a heat sink over the top re-passivation layer for removing heat from the active side.

12. The system as claimed in claim 11 wherein the heat sink is larger than the

integrated circuit.

13. The system as claimed in claim 11 wherein:
the heat sink is connected to the structure top side; and
further comprising:
an external connector connected to the structure bottom side, the heat sink grounded

through the external connector.

14. The system as claimed in claim 11 wherein the heat sink has a protrusion on

the active side.

15. The system as claimed in claim 11 wherein:
the top re-passivation layer has a hole; and

the heat sink has a protrusion on the active side and within the hole.

16. The system as claimed in claim 11 further comprising:
a top redistribution line electrically connected to the structure top side and the active
side; and
wherein:

the top re-passivation layer is directly on the top redistribution line.
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20. The system as claimed in claim 16 wherein the interconnect structure has a vertical interconnect
between the structure bottom side and the structure top side.

17. The system as claimed in claim 16 further comprising:
a thermal interface directly on the active side; and
wherein:

the heat sink is directly on the thermal interface.

18. The system as claimed in claim 16 further comprising:
a thermal interface directly on the top re-passivation layer; and
wherein:

the heat sink is directly on the thermal interface.

19. The system as claimed in claim 16 further comprising:
a conductive connector attached to the active side; and
wherein:

the heat sink is directly on the conductive connector.

20. The system as claimed in claim 16 wherein the interconnect structure has a

vertical interconnect between the structure bottom side and the structure top side.
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