STRIP-FABRICATED FLIP CHIP IN PACKAGE AND FLIP CHIP- SYSTEM IN PACKAGE HEAT
SPREADER ASSEMBLIES AND FABRICATION METHODS THEREFOR TECHNICAL FIELD The
present invention relates generally to encapsulated semiconductor device packages, and more
particularly to flip chip in package and flip chip in system heat spreader assemblies that are fabricated
in strip format, and to methods for the fabrication thereof. BACKGROUND ART The general
construction of enepRslIaid aerICPREIONAEYIIB P SXATNGLRN I FFRCA") packages.
consists of a semiconductor chip'mounted On an upper surface of & laminate substrate, both encased
in a plastic resin erEPTHAMINRPA @ KAGHIHBAMOS PREICDERI A SSENM B 1&haNer surface of the
laminate substrate. The solderﬁﬂﬁ%g%ﬁwmqﬁsmﬁWr package to a circuit card or
board. Traditionally, one of the most common packages Is a semiconductor chip that is
electrically connected to electrical circuitry on a laminate substrate by conventional wire bonds or loop
wire bonds. The semiconductor device has an over-molded plastic resin body that protects the
semiconductor chip and the wire bonds, angdhpisiavar-moiagol body may be up to 20 mils thick above
the chip surface to adequately protect the wire loops. Consequently, the wire-bonded BGA has a
relatively high theengreesistancenios eroRiviRg gogahlAs residiptidatow Reaidisgipationieaeability
makes the wire-bonded package unsuitahle for. high power applications.. Flip chip BGA's are a newer
and thinrSCHRERiNAHarES Butier eae mﬁﬁﬁ?ﬁkaﬁ?paaﬁéi@gfégpa% %Vé}ﬁ{&&ﬁ&hé?&?aﬁ%s that

have eleeatiisaitRRNEAtiBTIBibadoimsafisdaeixtbumapcerRtacts 6o the tibifeeasnf thedip that faces
(is adjacent to) the laminate substrate. Flip chip packages derive their name from the apparent flipping

of the chip (with contacts down) so that the chip is upside down compared to that of the chip (with
contacts up) in wire- bonded BGA's. Sincg tha<9lds{RMRE fre connected directly to the circuitry of
the laminate substrate, there is no need for large wire loops or the thick molded plastic resin body that

surrounds themy Aflip.ChiR RREKRAGDPICAIAFSARIGS [ihtdatlignatsial Lo keeR MpRiuaAway

from solder interconnections and to reinforce the solder joints that can be prone to fatigue.
grid array (“BGA”) packages, consists of a semiconductor chip mounted on an upper surface

of a laminate substrate, both encased in a plastic resin encapsulant, and with a number of
solder balls attached to the lower surface of the laminate substrate. The solder balls facilitate
bonding the semiconductor package to a circuit card or board.

Traditionally, one of the most common BGA packages is a semiconductor chip that is
electrically connected to electrical circuitry on a laminate substrate by conventional wire
bonds or loop wire bonds. The semiconductor device has an over-molded plastic resin body
that protects the semiconductor chip and the wire bonds, and this over-molded body may be
up to 20 mils thick above the chip surface to adequately protect the wire loops.
Consequently, the wire-bonded BGA has a relatively high thermal resistance for removing
heat. As a result, the low heat dissipation capability makes the wire-bonded package
unsuitable for high power applications.

Flip chip BGA’s are a newer and thinner design that has better heat dissipation. Flip
chip packages are semiconductor chips that have electrical connections in the form of solder
bump contacts on the surface of the chip that faces (is adjacent to) the laminate substrate.
Flip chip packages derive their name from the apparent flipping of the chip (with contacts
down) so that the chip is upside down compared to that of the chip (with contacts up) in wire-
bonded BGA’s. Since the solder bumps are connected directly to the circuitry of the laminate
substrate, there is no need for large wire loops or the thick molded plastic resin body that

surrounds them.



The underfill material surrounds the solder interconnections between the chip and the laminate
substrate. Flip chip packages have also been made with a thermally conductive covering, usually
metal, to further improve heat transfer. The thermally conductive covering is attached to the chip with
a thermal coupler or thermal interface material ("TIM"), such as an adhesive, a thermal paste, or a

grease, to improveTihecHanplek it ealifam Fguehip ia thRitemaiekongduetife meneiiRgawsllip chip
package of this construction can have an additional problem since attachment of the

thermallyBh JQIRFRSTRIRS GHieRs raad) i F Hrfarrtdsoip lethio i ghas - eV BR Y ARte9aBEigHthe TIM

is fairly rigich thedtharmalsaunlefusrnidciue Brishimttkcdimddfibhs npwigid. fRr expmala atbermal
grease, it may displace during thermal cycling. The current trend in high-end semiconductor device

designs iERAHAARRHEBrm factor (the dimensions and arrangement of the device) and to increase
the integration lgygl chipe RIS VB SIE BRih GHSUULS Ith hendamigs) cdiis dneansvhiat dhesinglyidual

circuit compagnents within an integrated circuit continually get smaller and smaller, while the

integrateB iUt B ERRES oA T ARSFEF arfdh B FE Ry fershig LY Fot RV BB Bt efHiR theadss to

an increaggnaawe e nsitys AptkensaaHeMt ihwerseNs ke My Maragemnanis GangekesvEhgrmal
management must therefore be addressed, both with regard to the design of the integrated circuit

itself, andAtHA RpsE: 18 etriglemth AP FRh Al sl tehpackogifcafiimitnteyamaiiels. Flip
chip in pagkagetivEedPedinnd AligighipisysteariopaskagastikEoniPa) Gandighratinnsmiewisiel used in

such situations since th%ﬁ%ﬁn e effectively tailored to provide significant thermal management.
Bs4

UnfortunStRfy, aiiee hrese CngHS T RS T YT T Frsl A e R Pk Ry & iBsigns

have appeaseetimednfigaiationsitbarares maniyfastar eckithiessrefticidet shngwiriac: (lashaighan strip
format) processes. For reduced manufactyring costs, FCIP and FC-SIP. configurations that are
assemblélf ih ¥rip HORHIE Gr &ﬁm@?ﬁlrﬁfg@epa&a}ﬁ%ﬁa@aﬂa&g %ﬁﬁ?hﬁ%‘fgﬂg'current

strip- format fabTicatiemrenethiens afehidedy cemplisatedandeelon kRSO s whichrakfehts fdien
potential efficiency ﬁnd cost savings of strip-for aéﬁm nufacturi 9 Thus, a rheed still remaf'ns or lower
cost and %%tgrcgﬁ?p ULES SBHABE AT BA PaRa V‘&B%i@‘ffg QG AEaeH DS, BIoTabgss oXh
particulagghéonpabkagd desigosiandrasseinbiiic pocesresThit areisirdeiungd fadaffitientassgmbly in

strip format. In view of the continuin%
components within an integ

a%ed circuit continually get smaller and smaller, while the
integrated circuits themselves contain more and more circuits and circuit components. This
leads to an increase in power density, and consequently worsens thermal management
concerns.

Thermal management must therefore be addressed, both with regard to the design of
the integrated circuit itself, and with regard to efficient thermal management at the packaging
and at the system levels. Flip chip in package (“FCIP”) and flip chip-system in package
(“FC-SiP”) configurations are widely used in such situations since they can be effectively
tailored to provide significant thermal management. Unfortunately, the more successful prior
FCIP and FC-SiP thermal management package designs have appeared in configurations that
are manufactured in less-efficient singulated (rather than strip format) processes.

For reduced manufacturing costs, FCIP and FC-SiP configurations that are assembled
in strip format are more favorable in many package size ranges. Unfortunately, current strip-
format fabrication methods are unduly complicated and cumbersome, which defeats the
potential efficiency and cost savings of strip-format manufacturing.

Thus, a need still remains for lower cost and less complicated semiconductor chip
package designs and assembly processes, and particularly for package designs and assembly

processes that are structured for efficient assembly in strip format. In view of the continuing
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increase in semiconductor device component and power densities, it is increasingly critical that
answers be found to these problems. Solutions to these problems have been long sought but prior
developments have not taught or suggested any solutions and, thus, solutions to these problems have
long eluded those skilled in the art. DISCLOSURE OF THE INVENTION The present invention

provides @ ¢nathom fRlakiicRting asemiconBiHa RAKRER Mibh i SoPSI 8B SR YarmRkI
Semiconductor devices are attached in a strip format to the substrate, and a thermal interface material
is applied ARs eemRsofouadis tekdeble st panel heat spreader is attached to each semiconductor

device. The sergisRBdHS R GRVICERBIANS RGP B advith QRRNHENpABS WQBpeaMiNHthe yrface of
the flat panel heat spreader opposite the substrate externally exposed. Individual semiconductor

package SRS USRS SR oS eRTREs EhiBetiREhicwshavinlengsivdsde other

advantagggsde &elgitian tReqirin place of those mentioned above. The advantages will become
apparent to those skilled in the art from a reading of the following detailed description when taken with
reference to the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. lis a

view of a portion of a flip chip assm@%@gf@;%ﬁlﬁ i tﬁquwéﬁanufacture in accordance with

the present invention; FIG. 2 is the structu after application of a thermal interface material;

FIG. 3 is the stryglling Qb il oo i1 v?%ﬁ@%f&‘ﬁﬁétﬂé& ARpel BRal ARy eRLers 0GR %&nﬁ!r yerface

material; FIG. 4 is a cross-sectional view of the structure of FIG. 3 after application an olding of an
encapsulaith FRBbSiRi¢he sigrdpenodtFISmiersiuateaciemestt akatedhedicharsisindareatteidrside of

the substrate, FlS » 84S e SHHCHH&G ALE ﬁ%at?lg%:lt% IaratenRl ndividhal YBjin accordapge with

the continuous strip-manufacturing process of the present invention; 3 FIG. 7 is a cross-sectional view
of three ot eiitspemia.i6 atiachivshipeadusendopidintatiolyice. The semiconductor devices are

encapsulated with open encapsulation, leaving the surface of the flat panel heat spreader
opposite the substrate externally exposed. Individual semiconductor packages are then
singulated from the strip format.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of a portion of a flip chip assembly at an intermediate stage of
manufacture in accordance with the present invention;

FIG. 2 is the structure of FIG. 1 after application of a thermal interface material;

FIG. 3 is the structure of FIG. 2 after attachment of flat panel heat spreaders to the
thermal interface material;

FIG. 4 is a cross-sectional view of the structure of FIG. 3 after application and
molding of an encapsulant;

FIG. 5 is the structure of FIG. 4 after attachment of a ball grid array to the underside
of the substrate;

FIG. 6 is the structure of FIG. 5 after singulation of individual units in accordance

with the continuous strip-manufacturing process of the present invention;



FIG. 8 is a bottom view of one of the units of FIG. 7; FIG. 9 is a cross-sectional view of one of the units
of FIG. 7; FIG. 10 is a top view of one of the units of FIG. 7; FIG. 11 is a view of an alternate
embodiment of a portion of a flip chip assembly in an intermediate stage of manufacture; FIG. 12 is
the structure of FIG. 11 after application of a thermal interface material; FIG. 13 is the structure of
FIG. 12 after atteghingia Haipangldrabsrieadst iddhe othgimahinterfaoemaiarial ik pidiigthe
structure of FIG. 13 after separation of the flat panel heat spreader into individual heat spreaders;
FIG. 15 i§4ER3E_I98¢tional view of the structure of FIG. 14 after application and molding of an

encapsulant; FIGA & is theossueiues ofriols oFzhiollandng aitachment of a ball grid array to the
underside of the substrate; FIG. 17 is the structure of FIG. 16 after singulation of individual units in

accordance with! e’ JPseimimrsHonl ERY aiore Lt st pbhiFview of three of the units of FIG.

17 in a final progugt 1erRfigiwiRtinRy 51end 8fitha hattosn miewf one of the units of FIG. 18; FIG. 20 is a
cross-sectional view of one of the_ units of FIG. 18; FIG. 21 is a top view of one of the units of FIG. 18;

FIG. 22 is a vieW!SF A BieMiateod dibalrals SrRodanson Arapaiichipt AlEnship fsssibhtdPARdiate

stage of mankietieatid&o23dmthrgtdicture of FIG. 22 following application of a thermal interface
material and an encapsulant; FIG. 24 is a cross-sectional view of the configuration of FIG. 23 following

attachment of 4 E9nlindblié ALPPRFePhEL? shl st Anplesavenotpdarmal jriesesanaiorisher

attachment of afyajl gsidsatkaystaubhereusdersidechthe subsiraies FlG . piads Hersipasiuse of HE. 25
after singtﬁlation of individual u,n{ts in accordance with the continuous strip-manufacturing process of

the presdRETAEHGHAGe materia

FIG. 14 is the structure of FIG. 13 after separation of the flat panel heat spreader into

b

individual heat spreaders;

FIG. 15 is a cross-sectional view of the structure of FIG. 14 after application and
molding of an encapsulant;

FIG. 16 is the structure of FIG. 15 following attachment of a ball grid array to the
underside of the substrate;

FIG. 17 is the structure of FIG. 16 after singulation of individual units in accordance
with the present invention;

FIG. 18 is a cross-sectional view of three of the units of FIG. 17 in a final product
configuration;

FIG. 19 is a bottom view of one of the units of FIG. 18;

FIG. 20 is a cross-sectional view of one of the units of FIG. 18;

FIG. 21 is a top view of one of the units of FIG. 18;

FIG. 22 is a view of an alternate embodiment of a portion of a flip chip assembly in an
intermediate stage of manufacture;

FIG. 23 is the structure of FIG.22 following application of a thermal interface
material and an encapsulant;

FIG. 24 is a cross-sectional view of the configuration of FIG. 23 following attachment
of a continuous flat panel heat spreader;

FIG. 25 is the structure of FIG. 24 after attachment of a ball grid array to the
underside of the substrate;

FIG. 26 is the structure of FIG. 25 after singulation of individual units in accordance

with the continuous strip-manufacturing process of the present invention;
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FIG. 27 is a cross-sectional view of three of the units of FIG. 26 in a final product configuration; FIG.
28 is a bottom view of one of the units of FIG. 27; FIG. 29 is a cross-sectional view of one of the units
of FIG. 27; FIG. 30 is a top view of one of the units of FIG. 27; and FIG. 31 is a flow chart of a method
for manufacturing strip-fabricated flip chip in package and flip chip in system heat spreader

assemblies in apegrdange.\itbsPeQisaeNTi#w emtiafeEH MR F Ot OARRY INa1 Qbtivdd E

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

without these specifigdigtaila{sheriek ordveidrahscuiing tiFegresent invention, some well-known
configurations and process steps are not disclosed in detail. Likewise, the drawings showing

embodiments of it H&VIcT AP EREPRICHeY Sfpreret thirdrin9EAtSh #ereof are semi -diagrammatic

and not to scalerapd3 paticdlaiiswoemsebinge dinersiens. arg feithe clarity of presentation and are
shown exaggerated in the drawing FIGs, In addition, where multiple embadiments that are disclosed

and described Ha¥& shrifedeittréafh bmmMsH I8 iR 4is WaLE SFRIERIIGH LE&R BN and
comprehgasitapctheeofiplikaifeatuigtanada apaifiesr wilkondinasihn be deasibed withHikeralarence
numerals. The term "horizontal" as used herein is defined as a plane parallel to the conventional
plane or §0ff3E&bf the semiconductor device or die, regardless of its orientation. The term "vertical"
refers to a direction perpendicular to the horizontal as just defined. Terms, such as 4 11 " "above",

"below", "bottom", 'top , side" (as in "sidewall"), "higher", "lower", "over", and "under", are defined with
respect to the horizontal plahé. MADheRiorh RikXeN gepeiailHio MY e I0Package ("FCIP") and flip
chip-system in package ("FC-SiP") assemblies that are fabricated in strip format, and to methods for
manufacturing thete &eldewibiatesmpieopanticutsohs shecifivalvtions argscntmpldngsaiporabglated flip

chip pacmgg%pgv&q}{gah%qgggeamggg?ri@%ﬁhgg eraaihaverdhgy Gntse ?ﬁﬁ?-@‘is

results in lower manufacturing costs due to the straightforward heat spreader design and to the less
complicarsactiseémiijopidbess soeaiiec retailfaclurendrsreofvieldaeltitioinghad argsanelmeatiopreaders

afford m%&’ﬁ@%ﬁ%ﬁ%ﬁ%%%ﬁ%ﬁ%@ m%&@gﬁeﬁ are not disclosed in detail.

Likewise, the drawings showing embodiments of the devices and the process steps for
the fabrication thereof are semi-diagrammatic and not to scale and, particularly, some of the
dimensions are for the clarity of presentation and are shown exaggerated in the drawing FIGs.
In addition, where multiple embodiments that are disclosed and described have some features
in common, for clarity and ease of illustration, description, and comprehension thereof, like
features one to another will ordinarily be described with like reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the semiconductor device or die, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

13 bh 13 bh 13

on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“over”, and “under”, are defined with respect to the horizontal plane.

This invention relates generally to flip chip in package (“FCIP”) and flip chip-system
in package (“FC-SiP”) assemblies that are fabricated in strip format, and to methods for
manufacturing these assemblies. More particularly, the invention relates to making strip-
fabricated flip chip packages that have a flat panel heat spreader attached externally over the
entire strip. This results in lower manufacturing costs due to the straightforward heat
spreader design and to the less complicated assembly process for the manufacture thereof. In

addition, the flat panel heat spreaders afford maximum space underneath the heat spreaders,

to accommodate a variety of components in FC-SiP assemblies, while also affording
5



to accommodate a variety of components in FC-SiP assemblies, while also affording 5 maximum
contact area for next level heat dissipation. The configurations also fill encapsulant into the entire void
space below the heat spreader to enhance stiffness and minimize warpage of the assembly. Referring
now to FIG. 1, therein is shown a portion of a flip chip assembly 100 at an intermediate stage of

manufaciyrgithig Pestigr©ohibe flin chik@sseanbhe0Qishpiidm Fihe 1 dsiast@tidsontyiqus-strip
flip chip configuration that is manufactured and assembled in a continuous assembling, forming,

molding, R AR g tharie i otids spacy dirdoninhie 86 rPrredsr insihnn AlFBIEShalkver, the

continuousnSitk enapiacteing: KREESS is uniquely configured to provide packages having flat panel
heat spreaders externally exposed over substantially an entire surface or face of each (ﬁﬁlckage, ina

new, uncompliGREANAAAREIAIHiEPhsEEEsS PRAY s RIEGAY AL IR HisObs LAY chips

102, having-saldpitbaltackOds argnseeHRd anpkejretlinally ecramaptedilp ihedansuldaceohva sbstrate
106 on solder pads (not shown) on the top surface of the substrate 106. The substrate 106 is provided

and configifed] Ih 2¥bnthio FOLHHIBIHEED aHP b Enip 169 8 MiRehdd imaERfiMTduedrip
format todhensibstiatecbdfinfsuynsRiiib 188 Bapplkechbrimectuaing fllsitem spagadptweren dbe chips

102 and the substrate 106. In an assembgpgrocess wherein FCIPs are bein%rmanufactured,

exemplaSFRATHSYSERAVAS IO TAlhs L6230 HE T8 MBRSEY f5-tHIS AOSHABPSTEY thereaBErHE 6. It will
also be phstekstordihajiethet SlEEiaRIC LOMPRNENSFIaY &lSaRenasSRMpat PrHethepsehriFate 106,
such as when packages in system sucftgaaysﬁFC-SiPs are being fabricated according to the present

inventionS XN BingHothe eRfsS sl AhneatEr Lifsef SecinitRetRASRE e BrAFISN, and

also reprggeshsichaihaicervpenaaispandar systems as appropriate. Referring now to FIG. 2, therein
is shown the configuration of FIG. | following, application of a thermal interface material ("TIM") 200 to
the upper faces OttheTRISE tospfbasﬁ{anﬁs%w FO BRe g B R TS tHifeiis shown

the next stegedolisivinectricalls ikvifirceontinteusstipfararifaciubngef the Bip ahijeassemiaiyt 100.
Thus, FIG. 3 shows th_e FIG. 2 configuration Witp the addition of heat spreaders 300 that are pre-cut
it pancrBISELER HEABAHH St (e-PI S0 Qi ol 6P EEFHSE (18 BHIGEH 073 FHeHBLECH L aciors
300, in a continuous strip format, and the chips 102 are attached in a continuous strip format to the
substrate 106. An underfill 108 is applied between and fills the space between the chips 102
and the substrate 106.

In an assembly process wherein FCIPs are being manufactured, exemplary chips such
as the chips 102 will be assembled in this manner onto the substrate 106. It will also be
understood that other electronic components may also be assembled onto the substrate 106,
such as when packages in system such as FC-SiPs are being fabricated according to the
present invention. Accordingly, the chips 102, as shown and described, are illustrative and
exemplary and also represent such other components and/or systems as appropriate.

Referring now to FIG. 2, therein is shown the configuration of FIG. 1 following
application of a thermal interface material (“TIM”) 200 to the upper faces of the chips 102
opposite the substrate 106.

Referring now to FIG. 3, therein is shown the next stage following FIG. 2 in the
continuous-strip manufacturing of the flip chip assembly 100. Thus, FIG. 3 shows the FIG. 2
configuration with the addition of heat spreaders 300 that are pre-cut flat panels placed
individually onto the TIM 200 on top of each of the chips 102. The heat spreaders 300,
preferably of a suitable metallic material, are then attached to and held on the chips 102 by
the TIM 200, which is cured, for example, by thermal curing.



preferably of a suitable metallic material, are then attached to and held on the chips 102 by the TIM
200, which is cured, for example, by thermal curing. 6 Referring now to FIG. 4, therein is shown a
cross-sectional view of the structure of FIG. 3 following application and molding of an encapsulant 400
to encapsulate all of the volume around the chips 102 and up to the level of the top surfaces 402 of

the heat spreadREge3fiE MASCaN PR5SAEhBEEARSHBHMTARESERUAKII GIRMEBIPHE YiseStiRetbis
manner leaves the top surfaces 402 of the flat panel heat spreaders, opposite the substrate 106,

externallf [Expofipnag aarlicying dadmplding ficRisg GrieAL4PLn saetasatseattbwd 496 chips

102 in thig A ARSRIPMIdRRIFAXIDURY SRACRIRNEVAlsMadngesneats theohgah s preaders.deR. This
advantag}[eousk/I accommodates a wide variety and number of chip and/or system component

configuratffhs/tt G Bfstree sppruliines: JHieprdLoT AR g0 VisgsrinthitHB SR deyst b elow

the heat giyeagaise3Ad2nst aheVRathpasubseatespRAdsIgN s stitfenmpihadssembltciadninimize
warpage thereof. Referring now to FIG. 5, therein is shown the structure of FIG. 4 following the

optional 5itBeifitrent of a ball grid array ("BGA") 500 to the bottom or underside of the substrate 106

opposite the chigs dQRaf6®BE SR prRvidas dnedny apiiogREIIBRMY fikotelpgearipstiphysical and
electrical connection and, assembly of the finished package onto a circuit card, a circuit board, or the

like. The 'BE ANBHFISPEBHIER G LIBLIA SRASS M SRHmis SHIBR sAR g therb SPERAELs 108 byl itces (not

shown) that seapesisRsieppipps@iedor #ee canbgumdonaieand ciay aneus gttt Ralipsiean the
substrate 106 and thence togtr%&s%{l;(ijer balls 1&)4 on the chips 102. Referring now to FIG. 6, therein is
1o

shown thePBHERRHasT Fiay! G PSS AHBREINS ABCAREIAN L BY BINLs fTg e SRfSulation

results inbleveeRariospetaiitei\idoalsebivanthiciobpackagessikantitaatbosiffuelthstRdabnat of the
flip chip assemply 100 (FIG. 5). Trgis produces individual FCIP and/or FC-SiP units 600 at singulation
zones 662 THURBIFMY HBAREHIECT, therein is shown a cross-sectional view of three of the units 600

in their final prosyeéeppfigurationFReferringreawiioshiwn8iHbaigir tsrshafvPia bptiomwieyy @ione of

B A it R SR TR A o R T e A
substrate 106 opposite the chips 102. The BGA 500 provides, in conventional manner, for
subsequent physical and electrical connection and assembly of the finished package onto a
circuit card, a circuit board, or the like. The BGA 500 is connected electrically in known
fashion through the substrate 106 by traces (not shown) that connect, as appropriate for the
configuration at hand, to various circuit patterns on the substrate 106 and thence to the solder
balls 104 on the chips 102.

Referring now to FIG. 6, therein is shown the structure of FIG.5 following
conventional singulation, such as by sawing. The singulation results in the separation of
individual semiconductor packages from the continuous strip format of the flip chip assembly
100 (FIG. 5). This produces individual FCIP and/or FC-SiP units 600 at singulation zones
602.

Referring now to FIG. 7, therein is shown a cross-sectional view of three of the units
600 in their final product configuration.

Referring now to FIG. 8, therein is shown a bottom view of one of the units 600.

Referring now to FIG. 9, therein is shown a cross-sectional view of one of the units
600.

Referring now to FIG. 10, therein is shown a top view of one of the units 600.

Referring now to FIG. 11, therein is shown a portion of an alternate embodiment of a

flip chip assembly 1100 at an intermediate stage of manufacture. The portion of the flip chip
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600. Referring now to FIG. 10, therein is shown a top view of one of the units 600. Referring now to
FIG. 11, therein is shown a portion of an alternate embodiment of a flip chip assembly 1100 at an
intermediate stage of manufacture. The portion of the flip chip 7 assembly | 100 shown in FIG. | | is
similarly part of a continuous strip format that is manufactured and assembled in a new, continuous,

assemblipg fARNINGL0MAFHEL GHIREG. aNd;SIRgHIBHRY prACESS)thah RGeS PRCkeass haying flat
panel heat spreaders externally exposed over substantially an entire surface of each package. Thus,

semicondtRiBfy e b s Rblfch I8 A HE Eh P B0 Yia ARG BBl HaNRHga MeldiRgcarEHENd
electricalyganneatemhiogRrRdap e Taes Rl shbisisatenh0homapisalcpadat(opealtayveneming top

surface of the substrate 106. The substrate 106 is provided and configured in a continuous strip

format, aRtPEELAYSE StEstantadlyAtherfifs sUERSE SasRAp RS at to the substrate 106. An underfill
108 is applied behyeermand flisibe fpaaaetvieed s chins 1 arsh thawubsisater Yafis Agfefore, it

will also be understood that qther electronic components may also be assembled onto the substrate

106, suchESShHEH padielesidoH ByqBRr el iodb HepsiBise O Theinbs tbrid Qheen AUAsE Ry e chips

102, as shwin pordtHesspibedaas o fitHstiabieaanth & xemplansaite aig0d ppseRRAL Sicboathelred
components and/or systems as appropriate, Referring now to FIG. 12, therein is shown the

configurafigh’SPENECYS $BIR A AP dARSRIBE il HRASBENR iRt SOBLRYALEStHPHRITRAIR 162

opposite $higsgalstiege AQGuniRefaring noxyioidd Gethethargiflis shoypadhedestsidgeighonong FIG.
12 in the continuous-strip manufacturing of the flip chip assembly 1100. Thus, FIG. 13 shows the FIG.

12 configiinstae Mfdition of a heat spreader strip 1300 in the form of a continuous flat metallic

strip panel. TheAeatfpecadanstipd BeQisiatiastiechid amdhelsteonibeahinmds Muihasbl¥e200,
which is then cured to secure the heat sqa/re%dl?er 3%1300 thereon. Referring now to FIG. 14, therein
is shownd&BBIfGOPLRISRoT IR akEs Gy SHGN (S YR BRFKIRESH Q¥ ISR YENGE S 155 1S Lspdifated into

individuabbigt spreadar. panrels didg6:, The cagRaraioasaywae actaspliveadaforigxarapie: yda sawing
cut such as by saw bl dles 1402. Refer in?Bnow to FIG. 15, '%Derein is shown a cross-sectional view of
the strucﬁi‘r%%’liaﬁfér} A OISRITRS Yo P CRIBH £AB RSN B R RS BFHPAR W %ncapsulate all of

the Referring now to FIG. 12, therein is shown the configuration of FIG. 11 following
application of the TIM 200 to the upper faces of the chips 102 opposite the substrate 106.

Referring now to FIG. 13, therein is shown the next stage following FIG. 12 in the
continuous-strip manufacturing of the flip chip assembly 1100. Thus, FIG. 13 shows the
FIG. 12 configuration with the addition of a heat spreader strip 1300 in the form of a
continuous flat metallic strip panel. The heat spreader strip 1300 is attached to and held on
the chips 102 by the TIM 200, which is then cured to secure the heat spreader strip 1300
thereon.

Referring now to FIG. 14, therein is shown the configuration of FIG. 13 in which the
heat spreader strip 1300 (FIG. 13) is separated into individual heat spreader panels 1400. The
separation may be accomplished, for example, by a sawing cut such as by saw blades 1402.

Referring now to FIG. 15, therein is shown a cross-sectional view of the structure of
FIG. 14 following application and molding of an encapsulant 400 to encapsulate all of the
volume around the chips 102 and up to the level of the top surfaces 1500 of the heat spreader
panels 1400. As can be seen, encapsulating the semiconductor chip devices in this manner
leaves the top surfaces 1500 of the flat panel heat spreaders, opposite the substrate 106,
externally exposed.

As can also be seen, the positioning of the heat spreader panels 1400 above the chips

102 in this manner provides maximum space and volume underneath the heat spreader panels
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volume around the chips 102 and up to the level of the top surfaces 1500 of the heat spreader panels
1400. As can be seen, encapsulating the semiconductor chip devices in this manner leaves the top
surfaces 1500 of the flat panel heat spreaders, opposite the substrate 106, externally exposed. As
can also be seen, the positioning of the heat spreader panels 1400 above the chips 102 in this

manner prayidesrepxilusmeRatRiADd valwnakademneatiiha beahapreadsr SaralsBhiofthereby

accommodating a wide varj&tg, and number of chip and/or system component configurations. In
1

addition, (AR an4ts i BYNIRG) TRerRAR S HAL Oy AL IR Ehp et TS pHRAUEPSI AN R DRSS and

above thgpsehifirgient6 1 smnificanths stiffapsstitetasserblystenmiaiizempspagecthesepblRaterring
now to FIG. 16, therein is shown the structure of FIG. 15 following the optional attachment of a BGA

500 to thB'BYEH BAIAIEEE-IEXS the substrate 106 opposite the chips 102. The BGA provides for

subsequent phyﬁ&@i@fgi RIectiicaiconpedtianiang sassamaly QHB@[J@W@BMQSKP&%%@ aneircuit
card, a circuit board, or the like. The BGA 500 is connected electrically through the substrate 106 by

traces (nBPEABRAYBTAMSHRE@ RO GarlidocthelRotiant Afgrcisids b e R e Ot 8RBESHS the

solder baiig 1@don the chipsBIR. frefaieinGohawbiR duént bhyviheseinis soewbalheostibaidre AfdF1G. 16
following singulation of individual semiconductor packages from the continuqus strip format of the flip

chip ass@HEOII G RIGIMBECrARe LR IRIRA RESHESATE J iREAHY SR rh a5 st ks -fipienO Assembly

into indivEiwalskGHR sl @l dctr&iffy URtsu & AReaiubRtgialion Zpnasel (A3t ReMHNBanevniR e, 18,
therein are shown three of the units 1700 in their final product configuration, Referring now to FIG. 19,
therein is"aRHGWH oA BtBAITABN 0F DRSS LARS 190 .e%e@fé?rfﬁaﬁ toPEll 196 ARG 1PShown

cross-seqtignal view of one of the units 1700. Referring now to FIG. 2 1, therein is shown a top view of
one of the units 1700. Referring now. to FIG. 22, therejn is shown a portion of an alterpate

embodiment of 3HP &% 2¥e bl G208 at S TRtdimdaidte e gy Enafaltdife | SHEMIBR of the
flip chip siagamtin 220RdsMidwd) iriéonddcisspidlarde patmiiacontinuous stijpiamaabthatifip

B (10 1 £ T i P S P T R S e A S
assembly into individual FCIP and/or FC-SiP units 1700 at singulation zones 1702.

Referring now to FIG. 18, therein are shown three of the units 1700 in their final
product configuration.

Referring now to FIG. 19, therein is shown a bottom view of one of the units 1700.

Referring now to FIG. 20, therein is shown a cross-sectional view of one of the units
1700.

Referring now to FIG. 21, therein is shown a top view of one of the units 1700.

Referring now to FIG. 22, therein is shown a portion of an alternate embodiment of a
flip chip assembly 2200 at an intermediate stage of manufacture. The portion of the flip chip
assembly 2200 shown in FIG. 22 is similarly part of a continuous strip format that is
manufactured and assembled in a new, continuous, assembling, forming, molding, curing,
and singulating process that provides packages having flat panel heat spreaders externally
exposed over substantially an entire surface of each package.

Thus, semiconductor flip chip devices such as the chips 102, having solder balls 104,
are secured and electrically connected to the top surface of a substrate 106 on solder pads (not
shown) on the top surface of the substrate 106. The substrate 106 is provided and configured
in a continuous strip format, and the chips 102 are attached in a continuous strip format to the
substrate 106. An underfill 108 is applied between and fills the space between the chips 102
and the substrate 106.



and singulating process that provides packages having flat panel heat spreaders externally exposed
over substantially an entire surface of each package. Thus, semiconductor flip chip devices such as

the chips 102, having solder balls 104, are secured and electrically connected to the top surface of a
substrate 106 on solder pads (not shown) on the top surface of the substrate 106. The substrate 106

is provided and £oMHigeredit iy GASSIMAuRISHiB Jarthat cling heceiipR oA psadiash8ddR@ be
continuous s%}ig format to the substrate 106. An underfill 108 is applied between and fills the space

between PEERISE PoY iy TS EAlSstAte 8. & ASBIBASKASKHIIRISS LA sto S iRk DiHEr
electronigpgappaneatsdnay @lsrieRsseehlps o dhersinstiate dQ6:BENAS WIhampaskages in

system such as FC-SiPs are being fabricated. Accordingly, the chiés 102, as shown and described,

are illustSERRPIHY BdSBIE S Lo RS SRR ST BB RYPSHE RS AAPH &{fstems as

appropriate. Refestingponote ol G1832thereirils Bheww theheudigisiatianobFIGG22 falinwingg
application aof the TIM, 200 to the chips 102 opposite the substrate 106, and dispensing and

applicatiGRRidH¥hehHauLRY248b s fhind P & aretitsstharaubats (Y opsh Useeing difeen the

chips 102ty & aklashingsaliiat P30 heatEpreader ineregrstReferonameny tepeiGspadedherein is
shown a cross-sectional view of the configuration of FIG. 23 following attachment of a continuous flat

panel he RESETER s SUBb 1 dndnghatishiardaching Alltieutiratiprepier dorfRtious flat panel heat

spreader 2400 iR &RAHE Rt tES assaRtbindy thewiM &0dsardinie RicapaidapbhBgRRtiailowing
the curing thereaf, Thﬁ}’ volume of the encapsulant 230Q applied in the step illustrated in FIG. 23 is

selected % TdGmplefRPHiIMAS LPHHBRh OV HRIEOBSHL 1 BRI BI6h BRECRCHntSUS At harPheat

spreadertR4@0f anel laaiweer tighine LoRtisivilayasietineothesdtior caipoassesbiesoqnéF|G. 4)
and 1100 (FIG, 15). Encapsulating the semiconductor chip devices in this manner leaves the top
Surface 09N B U, &%L%E}Pdﬁﬁ it %§P§E>Pé‘é%8? %5%,@9 B the UpgbErde, Eternally

exposed vasuwelldsthotdeapiingmpldng.phlibe anaapsutaniiiafataisiaaniespbe seesttdeto

provides SBHIFG Sl ieaseheb R L st Haab Aot HUIEY . srG0RTRD 2 wide

variety arfreadab24 0w, chip Badiamsiistenipcamanaithdoniigiur ioometnfag dilipnadfienbrieansolant

2300, by iAo e eGP PO e Soninyon (B pATSLNER SRR 2100 a0 aboye the
leaves the top surface 2402 of the continuous flat panel heat spreader 2400, opposite the
substrate 106, externally exposed, as well as not requiring molding of the encapsulant 2300.

As can also be seen, the positioning of the continuous flat panel heat spreader 2400
above the chips 102 in this manner provides maximum space and volume underneath the heat
spreader, thereby accommodating a wide variety and number of chip and/or system
component configurations. In addition, the encapsulant 2300, by filling the entire space
below the continuous flat panel heat spreader 2400 and above the substrate 106, significantly
stiffens the assembly to minimize warpage thereof.

Referring now to FIG. 25, therein is shown the structure of FIG. 24 following the
optional attachment of a BGA 500 to the bottom or underside of the substrate 106 opposite
the chips 102. The BGA provides for subsequent physical and electrical connection and
assembly of the finished package onto a circuit card, a circuit board, or the like. The BGA
500 is connected electrically through the substrate 106 by traces (not shown) that connect to
various circuit patterns on the substrate 106 and thence to the solder balls 104 on the chips
102.

Referring now to FIG. 26, therein is shown the structure of FIG. 25 following

singulation of individual semiconductor packages from the continuous strip format of the flip
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stiffens the assembly to minimize warpage thereof. Referring now to FIG. 25, therein is shown the
structure of FIG. 24 following the optional attachment of a BGA 500 to the bottom or underside of the
substrate 106 opposite the chips 102. The BGA provides for subsequent physical and electrical
connection and assembly of the finished package onto a circuit card, a circuit board, or the like. The

BGA 50@1igcreneastod etectrirg!ly shroughstheusHsiede AO6Iey lfﬁﬁﬁsséﬁbﬁfﬁl&m)tﬂé%i@%}ﬁﬁd to

various circuit gatt,erns,on the substrate 106 and thence to the solder balls 104 on the Chif?s 102.

Referring s es ARt Selividral FisEhawirthECsrif trdor #16 2bsinshbbion Zerfgut&lidn &f Mdividual
semiconduaknackpaesdpanttbe eontiouRus sitnsiarmgabinedindRahip assematy. 23904fIG. 25).

The singulation has resulted in the separation of the flip chip assembly into individual FCIP and/or
FC-SiP uR&vH8H0 et iRy erdeoRSHeE9802. It has also resulted in separation of the continuous flat

panel heat sprerdeiRAR G Go 35GIN0, iNdividualcnsalwRrersebpanelsmR0%sdRefe e mawito FIG.

27, therein are shown three of the units 2600 in their final product configuration. Referring now to FIG.
28, thereM94Wh SRR g HAtHEM view of one of the units 2600. Referring now to FIG. 29, therein is

shown a cross-gegtignal HigwteFace ¥, herviits 2600 Retarong Ravwoitohtef 36 theke?sdd shown a
top view of one of the units 2600. In view of the processes just described, it will be understood that the

packages maniNalEHiied e dPailG 16 i piaadn iR foH P sHaleladny Bk ARA DI R
resulting fepm, fabrication according to these processes. One of the indicia will be characteristics on

the external surfaces of the heat s readﬁlrs and the heat spreade[}jﬁanels qui?SClQSin%(%hat the external
surfaces thereo%@%’é‘ﬁ“ﬁﬁ’d@@pége Fren KohvRetiRrK Wadany atiHisg atted¥bhe strip

encapsulation oftheprakages prosisebainctadstieseaouldvinchdentrayample: the kinckgaantity,

chraoto AT B P R HEMSHBr AL AR of CULN S Bpa erlediitiation

Another eéshigiipditisnwithbaonaskings @achghasagiesistind @iRsdie pakagss sthidaoesiceharactedstic of

P o O e e e e e TIPS Gieat spreader panels
disclosing that the external surfaces thereof were open and exposed (i.e., not protectively
coated) during at least the strip encapsulation of the packages. Such characteristics would
include, for example, the kind, quantity, and extent of residue from the encapsulation and
other manufacturing processes. Such characteristics will thereby constitute indicia that are
characteristic of such strip open encapsulation.

Another of the indicia will be markings and characteristics on the package surfaces
characteristic of packages that were singulated by strip singulation rather than block-molded
singulation. For the package units 2600 (FIG. 26), still another of the indicia will be factors
that are characteristic of individual heat spreader panels 2604 that were singulated following
the encapsulation of the lower surface of the continuous flat panel heat spreader 2400
(FIG. 25).

Referring now to FIG. 31, therein is shown a flow chart of a method 3100 for
fabricating a semiconductor package in accordance with the present invention. The method
3100 includes providing a substrate in a strip format in a block 3102; attaching
semiconductor devices in a strip format to the substrate in a block 3104; applying a thermal
interface material to the semiconductor devices in a block 3106; attaching a flat panel heat

spreader to each semiconductor device in a block 3108; encapsulating the semiconductor

devices while leaving the surface of the flat panel heat spreader opposite the substrate
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singulation. For the package units 2600 (FIG. 26), still another of the indicia will be factors that are
characteristic of individual heat spreader panels 2604 that were singulated following the encapsulation
of the lower surface of the continuous flat panel heat spreader 2400 (FIG. 25). Referring now to FIG.
31, therein is shown a flow chart of a method 3100 for fabricating a semiconductor package in

accordansganitingpsesent nvetion: 10haMetheladA0HaRIRas RIISHIN AP RIS EALSS Framstrip
format in a block 3102; attaching semiconductor devices in a strip format to the substrate in a block
3104; apPI§iiGiRfersraar aRlassct Raterial to the semiconductor devices in a block 3106; attaching a

flat panel heat $praa@esiQRash-saMICANHYGRESR VISR i SniREK ;34 0Rice NEARS YIS Hheages.
semiconductor devices while leaving the surface of the flat panel heat spreader opposite the substrate

11 extertdifcBP L8R dhsrsciks3tro et &g AR RV RSN ERMREh QR o PAIEHES A the

strip formatémplplprdcSklBaltiasibach incarenachthattbe RrepamdiMeEsiP RS PrMdasH ByImerous
advantages. Principal among these is the heretofore unknown, straightforward, low cost design and

assembly OISR Rat provides for the manufacture of FCIP and FC-SiP units in continuous strip

formats. Anothex aslventaiganstoat et fint panphhaalcsprpadaeisdacaiad oppesitettea shistiate,
allowing maximum space underneath the heat spreader to accommodate varigus components,

particulaf T € B BBHR GHASE S B BT SRERERS 44 L ERATRE B XBE NS OB IR Bntire

space bql@Wi&hﬁﬂgaﬁ E@rgﬁd@sﬂﬁgﬁmﬁm}g@d package stiffness and warpage minimization. Yet another
advantage is that the flat heat spreaders, in the strip-manufafcgturing configuratiops, are as;gmbled

into the packag@SWVARHE oH¥ YA LS DrtndhEar Ay Sty Rt pasa. brinY ctiststtes to

the simphpiyaaadfecnnpmyeaighkipantufaciwing weepessnasimelhasimaximizing the external exposed
contact area of the heat spreaders for next-level heat dissipation. Thus, it has been discovered that

the strip-fabricatet HEOSHE A4YRMASS i tatiAb PedbrRiRRIFFiretRotYE BRI UL AL REherein,
furnish indpefiantanasheretadaiatlsavaitatie psoliiensyicapad dities sanddunetinoakadveniages. The

resulti_ng rocesses an%co fi uraﬂgis taretstrt?lighmr 1alftd, ec nomrilc?rll, unfc(%pplrirclzaﬂte , Pi lgl

versatile ANEEHEERIE LA co utes to the” simplicity and economy of the manutactu
process, as well as maximizing the external exposed contact area of the heat spreaders for
next-level heat dissipation.

Thus, it has been discovered that the strip-fabricated heat spreader assemblies and the
fabrication methods therefor, as taught herein, furnish important and heretofore unavailable
solutions, capabilities, and functional advantages. The resulting processes and configurations
are straightforward, economical, uncomplicated, highly versatile and effective, can be
implemented by adapting known technologies, and are thus fully compatible with
conventional manufacturing processes and technologies.

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 which 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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implemented by adapting known technologies, and are thus fully compatible with conventional
manufacturing processes and technologies. 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 te1e mbyaserath such Altematiges, modifications, and variations which fall within the scope of
the included claims. All matters hithertofore set forth herein or shown in the accompanying drawings
are to be interpreted infaméthstr siveaibichtiopdisoiting sénser pa- gl INMpNSIH@N CLAIMED IS: 1. A
method for fabricating. a semjconductor package, comprising: providing a substrate in a strip format;
attaching semicBIYLELT HELRSHSTHE %ﬁﬁ)ﬁrf ?P‘%%%tto the substrate; applying a thermal interface
material to the sermsbondustocdelices datiashing sufiptfpaneal thehé spheaster to each semiconductor

device; encapsulatilngnthetﬁemic nctiu%tor device§ wim open enéagsul tion, leaving the surface of the
flat panel heat saﬁ)r%é/ e%‘%pﬁgsr}?e%Srsa(fgs'f}%tteeﬂgx%rngl WHOSE, Foén Vlsclre‘nsgulating individual

semiconductor paakkiges fflanptinelteyy sproadtr2o thehmethashdhal@inetiveherein the heat spreader is
a pre-cut flal panel, configurafion. 3 Thamethad ot claim Luherein e het gpreadgris acontinuous
flat panel heat spre det attachiety OVer sibstan |all?ysthe NI setrlp Stmat, 4. The methdd 6 &laim 3
further comprising cuttsfghbélaontirelbust #ptqadaed ppesitspfre adestintodadivigliyabhpatedpa@dder panels
following attachlsqg tt]g-tflat .%gnel helat S readder. 5. The m?ﬂgd t%f clglmer%{rtther comprising

dispensing an enc%‘ﬁsull%f oerIgH%aspeé{lj (é?fhgu t%r 8%(9 ShdUCLor devices and for attaching the flat

panel heat spreader prigr, t9 aitaghing the figt B&%?éé%eﬁ}es%%?dse?eéd& E’s’eéhﬁ%-f%tf"%ﬁrt‘;?%ﬁ‘%_a
semiconductor package, comprising: providing a substrate in'a continuous strip format; attaching
semiconduofigwietices in a continuous strip format to the substrate; applying an underfill between the

semiconductor devices and the substrate;
3. The method of claim 1 wherein the heat spreader is a continuous flat panel

heat spreader attached over substantially the entire strip format.

4. The method of claim 3 further comprising cutting the continuous flat panel
heat spreader into individual heat spreader panels following attaching the flat panel heat

spreader.

5. The method of claim 3 further comprising dispensing an encapsulant for
encapsulating the semiconductor devices and for attaching the flat panel heat spreader prior

to attaching the flat panel heat spreader.

6. A method for fabricating a semiconductor package, comprising:

providing a substrate in a continuous strip format;

attaching semiconductor devices in a continuous strip format to the substrate;

applying an underfill between the semiconductor devices and the substrate;

applying a thermal interface material to the upper faces of the semiconductor devices
opposite the substrate;

attaching a flat panel heat spreader to each semiconductor device by means of the
thermal interface material;

curing the thermal interface material;

encapsulating the semiconductor devices and portions of the flat panel heat spreader
with open encapsulation, leaving the surface of the flat panel heat spreader
opposite the substrate externally exposed;

attaching ball grid arrays to the substrate opposite the semiconductor devices; and
13



applying a thermal interface material to the upper faces of the semiconductor devices opposite the
substrate; attaching a flat panel heat spreader to each semiconductor device by means of the thermal
interface material; curing the thermal interface material; encapsulating the semiconductor devices and
portions of the flat panel heat spreader with open encapsulation, leaving the surface of the flat panel

heat spreader QppRSHENIMSHESHAR SXtBHIRLY e YRORALaHARNNBA Gk Aay Fdmie substrate

opposite the semiconductor devices; and 13 singulating individual semiconductor packages from the

continuous strip7formatrife Thehvetbodaitlanhomiarein theahepisikearien ipR-pie-eut flaipanel
configuratiorg 8. The method of claim 6 wherein the heat spreader is a continuous flat panel heat
spreader’SitHEHEN8Ver substantially the entire continuous strip format. 9. The method of claim 8

further comprisigg cutting the continuoys fl nel. heat spreader into.individual heat spreader panels
following the stap of abkeAIRY e Het HA VLS UprBa e ot g e LA B Shaterial
10. The rmethgaalletaitaéburther sobsprisixty dispaniiagoan @reapstifafirfaat.encapsulating the

semiconductor devices and for attaching the flat panel heat spreader prior to attaching the flat panel
heat spreader. 1. Serfivomatibtor phckages ifudhsiripdopmancompngitige @subststdlit astelp format;

semiconguctor devjces attached.in a,strip_format to the s q[trate' thermal interface materal applied
o the sem o RaTss cansa R R R R R R S e
semicongaotdhdehipes deingdencapstiatbdwithither tudaceaiahe flat panel heat spreader opposite
the substrate being externally exposed; and the packages having indicia characteristic of strip open

encapsulation. 19. Th_eT@@memmaﬁrqu@égr&%Iaﬁﬂmmimr@iﬁmh_éilﬁ&t%an@fl@al@pré@der is a
pre-cut flaf, paRE! coRMgUralialohdudif SATIEO RN FLer RACKRLSH OEA L PhELEIB. e fiabpanel

heat spreader
to attaching the flat panel heat spreader.

11. Semiconductor packages in a strip format, comprising:

a substrate in a strip format;

semiconductor devices attached in a strip format to the substrate;

a thermal interface material applied to the semiconductor devices;

a flat panel heat spreader attached to each semiconductor device;

the semiconductor devices being encapsulated with the surface of the flat panel heat
spreader opposite the substrate being externally exposed; and

the packages having indicia characteristic of strip open encapsulation.

12. The semiconductor packages of claim 11 wherein the flat panel heat spreader

is a pre-cut flat panel configuration.

13. The semiconductor packages of claim 11 wherein the flat panel heat spreader

is an individual heat spreader panel cut from a continuous flat panel heat spreader.

14. The semiconductor packages of claim 11 wherein the flat panel heat spreader

is a continuous flat panel heat spreader attached over substantially the entire strip format.

15. The semiconductor packages of claim 11 further comprising individual
semiconductor packages singulated from the strip format and having indicia characteristic of

strip singulation.

16. Semiconductor packages in a continuous strip format, comprising:

a substrate in a continuous strip format;
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is an individual heat spreader panel cut from a continuous flat panel heat spreader. 14. The
semiconductor packages of claim 11 wherein the flat panel heat spreader is a continuous flat panel
heat spreader attached over substantially the entire strip format. 15. The semiconductor packages of
claim 11 further comprising individual semiconductor packages singulated from the strip format and

having indicia chatastatatit Pl SR HRSHBIRN a LonSAMIRCRHP HiRhRrEkagesu iy @eontinuous strip
format, comprising: a substrate in a continuous strip format; 14 semiconductor devices attached in a

continuous strip?foirdartyliherwasathascndirandueisidsaisrsemndibesshitatfductor devices and the

substrate; a thegmpdiptariace matariaanrliasdita et Rppiageseobihe sepntasdicior devices
opposite the substrate; a flat panel heat spreader attached to each semiconductor device by means of

the thermal interface riBREFT: HfesWBFiRiGhductor devices and portions of the flat panel heat spreader
being encapsulatgghwihdhgeauripea@rtha fiatpacethat shieadricRRPEsSHELS ithsl aje feing

externally exposed; ball grid arrays attachaed to the substrate opposite the semiconductor devices;
and the packages haviig i ERFARAEHE e of strip open encapsulation. 17. The semiconductor

packages of claif 1&miheirincoe iRt RRFChhE P SHIQRIRT itha ATe-Chidfiat panekpritighiratimg. 18. The
semiconductor packages of claim 16 wherein the flat panel heat spreader is individual heat spreader

panels cut from a contitf8RSHRiED M Hibs: Epfaster it b BaRlBRfuRERISIeRpes T Hisim 16

wherein the flat panel Rggdtaneandes detarsantisysiisdiat panel heat spreader attached over
substantially the entire strip format. 20. The semiconductor. agkages, of claim 16 further comprising

individual semiCBHEHESrBERREASLSHHgUIRG U BRI RBRSS SRS EsER Sracteristic of

strip singulationghbSackages having indicia characteristic of strip open encapsulation.

17. The semiconductor packages of claim 16 wherein the flat panel heat spreader

is a pre-cut flat panel configuration.

18. The semiconductor packages of claim 16 wherein the flat panel heat spreader

is individual heat spreader panels cut from a continuous flat panel heat spreader.

19. The semiconductor packages of claim 16 wherein the flat panel heat spreader

is a continuous flat panel heat spreader attached over substantially the entire strip format.

20. The semiconductor packages of claim 16 further comprising individual
semiconductor packages singulated from the strip format and having indicia characteristic of

strip singulation.
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