STRIP-FABRICATED FLIP CHIP IN PACKAGE AND FLIP CHIP IN SYSTEM 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 encapsulated
semiconductor devisaRIPFABRIVA DEID BritParayP(iRE@A ) RackegeshaanErstHaPasemiconductor chip

mounted on an upper, i t L t] in encapsulant, and
with a number of solﬁ%ﬁ@g%ﬁ%ﬁiﬁﬁeﬁ owé&rggmljr]%%g %g‘e angl%g@ g&ﬁg@e. The solder balls
facilitate bonding the semiconductor pacNHGEHO RS FHRREFOH 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 e seinicopgticier 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 wife-paread BAddas @ielatively-high ihesmabfasistanemiamtrmeviagvibeat. As a
result, the low heat dissipation ca atiili m%tggs the wire-bonde ,acl%l e unsuitable for high power
pplications. PS> B ARSI HAS AU El BELRH 1 HAE BOt: MR ARGNAREI Fip ohip
packages aresembtonductor tiipsathdimsvip &leotticaldconnabtidnirtthéboirnioh sidder. 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 BpAKGR@UNEnA8d 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 plasticlThesieisadlycthstrustioo wh dmeheswatedAstipietrigusteckdryeceppiceal sxpatplirdéslan underfill

material to kegpy mpi;w@cﬁwaxaémgaéqm[smwgqmmﬂamwrﬁ%img@entaﬁ Selderieints that can be

prone to fatigue. The underfill material surrounds the solder interconnections between the chip and the
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.



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 improve the transfer of heat from the chip to the thermally conductive covering. A flip chip
package of this condtiilietionrcanckegretzpicatltlitisnatep rab lerderéith apagatiad Henkespofnghigture away

thermally-conglygtiveicoupEiRBnmaY sesHid todelarninationsaldhe Ghipwa-eay sengoniesaag . the TIM is
fairly rigid, the thermal coupler can fracture the chip. If the TIM is non-rigid, for example a thermal grease,

it may displacd@grAer e @ cimgouds dfredfffeiticrmprrian feMicshdifcdiaeideRiesigns is to

shrink the formfaatosuilieadimensions and arrangement of the device) and to increase the integration

level (the number(?_!lielgﬁltrom%gl%%ﬂjlts in thebdewcea. 'IV;%Q, neans Ifhatt e individual circuit ,gomponents

s : 1 ] 1
within an integrated circuit contirtually get Smaller and Smaller, while the. mtegrated crcuits themselves

contain moreregidl rioferdreunsrayrihercuinstam pbirees MEHIscondeivg oVt ssdtissdviehdensity, and

consequently.WeregRs:thrmal RapRISMERIGPRGEMS. Thetmal Managemantistiherstore be
addressed, both with regard to the design of the integrated circuit itself, and with regard to efficient

thermal mandERE MY FaBkAin YRRFAteke Jarsier V8R! HcHip FipdekigeeEesib and flip
chip-system iropdckageo(driag SR 1)ipehfighiationsfateswitelsutsadcin Such sitnbtivns Sppeddiney can be
effectively tailored to provide.significant thermal management. Unfortunately. the mare successful prior
F b and FO i R R B e
manufacturedoiqdesrsnegflicaiacsing uhatEtM ratfred thamds thip fonmal cpvotee ssadraconesuceid Manufacturing

costs, FC”_:’ andfiir RIForAiguatiaasHhal ﬁ{&x%ﬁg‘x%%‘?ﬂ &?Hﬂ&f%@lﬁ?ﬁgﬂﬁ@ﬂﬁ@ﬁ%@'e ir_‘ many
package size ranges. Unfortunately, current strip- format fabrication methods are unduly complicated and

cumbersome, whicH deféiennie }Erm&i"éfﬁjcim(&ﬁﬂ%ﬂsﬁ‘%‘ﬁ%ﬁ%ﬁﬁp%tﬁ&ﬁoﬁﬁ&{‘ﬂ&ntﬁ%&turing. Thus,
a need still retmainstherdomsakicasthandiasgcemmplic giedserajcoddddineRipthedakagaide sigas and

assembly progesses, and payticularly for fackage desins and assembly, processes that are structured

for efficient a semn%]ﬁi/ In strip format. fi View '6f the ‘Cont uing Dhcrease in semlconofluc(iorudtevice
component agrinponsetsdetibitiesn itieigrerehsingly aaivabalhateahswelishentbisnwforthekieprablems.

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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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 a method for fabricating a
semiconductor package with a substrate in a strip format. Semiconductor devices are attached in a strip
format to the irsuibrsi dtescandoadieinmed Vive dameonmaterivl oupplletsidethe semieeontetioridiedlces. A flat

panel heat sprgaslakis-abaehed 19 gadhasinigenductor device. The semiconductor devices are
encapsulated with open encapsulation, leaving the surface of the flat panel heat spreader opposite the

substrate externally> @488 (0 GG AR SBMIRSH GEEP PRt L UraieAc SR MERE P A GHTthe strip

format. Certaimughnlodipgntsdofihedhuemntomdatesptodrtadyantages proakditdnte ohingddee of those

mentioned above. tffe Cf\dv%nta es will become apparent to those skilled in the art from a reading of the
. 0ose skilled. in.the arg. . . .

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 i i invention; FIG. 2 is the structure of
FIG. 1 after application of a thermal %ggm@eﬁﬁﬁégﬁgﬁ%@mcwre of F_IG. 2 a_lfter attachment of
flat panel heat spregders to.the , logiBIRLIIRIRCE MASHab Mt l58 GrosSisesiiRad t!é%léégé the

structure of FIG. 3 after application and molding of an encapsulant; FIG. 5 is the structure of FIG. 4 after
attachment oG Ry I ETRMerSidcofdHEs desirater Fitachad tha i cameoPthe. 5 after

singulation okipdividuahynithémaccardaneemiviiiathe sspsaucusSiprodaaufastdengeprogess of the
present inventio% 3 FIG. 7 |s a cros -section%I view of three, of the units of FIG. 6 inda final product

configurationP I "E S BEHOURSHEEI DRE DI THAORHE Y 147, FIE S R UEGE SR view of one
of the units otfe@sulatddl @ithOoiza topaprenutaoienahthehesits@e FIGhe; 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. 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 attaching a flat panel heat spreader to the thermal interface material;
FIG. 14 is the structure of FIG. 13 after separation of the flat panel heat spreader into individual heat
spreaders; FIG. 158G érisss-sestionaivielwisithel dtrigetafetlst Picss o4 Bitedaiphidaridrreddcimolding of
an encapsulanf;fd@atldis 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'BrédeAtARIRndRY eiena 8f i wWissdl &Cidhal view of three of the units of FIG. 17 in
a final product configGration;ckd(s-sdQitsma biettosn afiewr aiconeatobilf@@nits of FIG. 18; FIG. 20 is a
cross-sectional vie\fbéﬁql e of the units Jnlglgx.t 18; Fsl%flg i's7a top view of one of the units of FIG. 18;

. . : t : tnit . : : : .
FIG. 22 is a view of an alternate embodiment of a E)lbrtlon of a flip chip assembly in an intermediate stage

of manufacture; FIGIG3lik ithevaer efurede M anbrliowingfamsiitation of e tharemaemhbriace material
and an encapsilanisikiGi24 i asiesssgretional 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 unders\%@'dfztﬁé%{‘f%;%I@GZ@@%&@HMH?@ o esod Mpterfaghgiastish of individual
units in accordanceFMith3he geniifudals siripnanufetutiachproaetst glatle prasgntdosention; 4 FIG. 27 is
a cross-secti n%l view of three of.tI]ﬁ.e units of FIG. 26 in a final product configuration; FIG. 28 is a bottom

1ew t
view of one o rélauﬁllntg o?cﬁﬂé? “FIG. 29 is a cross-sectional view of one of the units of FIG. 27;
FIG. 14 is the structure of FIG. 13 after separation of the flat panel heat spreader into

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. 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
accordance with the present invention. BEST MODE FOR CARRYING OUT THE INVENTION In the
following description, numerous specific details are given to provide a thorough understanding of the
invention. HoweverFIGwAT be apisasentiitativeingéibica pdpceiprattded WNithoutitiéseodpecific details.
In order to avQigkhsgring the present invention, some well-known configurations and process steps are
not disclosed in detail. Likewise, the drawings showing embodiments of the devices and the process
steps for the fabrichHorithiseBrr® YiHiodidt A aAYHG td'scale and, particularly, some of the
dimensions are for the.carity of presetitatibnandrane stiownexagga@ted, in the drawing FIGs. In

addition, where mup@eﬁr{lbodiments @g]}eagﬁgleisclllqggg E%d é:iﬁ,-%%r'bed have some features in common,

for clarity and ease o |IIustFa€iit5)H,Vdeevgé)nptlon, and comprehension thereof, like features one to another
will ordinarily be deEEab&d iwithflike ¢edereheenmibrdrtis Menefestminactizoftbiicalsdisbpl eldrein is defined

as a plane pajallabtothe epnvaptianakeiane L sshiace .l dhe1Re MHCRRINGIRE AeMIE O HliSe fegardless of
its orientation. The term "vertical" refers to a direction perpendicular to the horizontal as just defined.

Terms, such BY"8A% "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 ch#;)%;ﬁstem in package %FC-SiP'_‘I) assemblies that are fabricated in strip
format, and to methods for M&Qﬁrﬁaﬁ I LoN %FQUHXI%]HEE{}N/, the invention relates to

making strip- fabricated flip. chij ckages that have a flat papel heat spreader attached externally over
the- entire Srip. T 108 L R ARG LS L 0 SRy QT POt eBlomcier desion
and to the Iesmalmmi@iiagecf absembhyipnocéssvioethe mﬂhbéaappeeemamofthmiraddiﬁmnnmgﬁéat panel heat
spreaders affgrol Maxim,SRACE éﬂ%@ﬁ{é‘%@E&]l&heﬂ?%?&é%%%%%b&?u%%om%s%h‘% Avatisty of

components in FC-SIP assemblies, while also affording 5 maximum contact area for next level heat

dissipation. T estgkiransrsHissrionhaigrsst MBste epittsdleieldpasebelow the heat spreader to
enhance stiffness angleMiRiMizawaRagasfithe-assamihts Beiaydoa@ewnioud GrodedheEpitds shown a

portion of a ﬂh?e%%“%i?z?t?&%?&e%? e(l)réa gearlnnl—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 2

on”, “above”, “below’

B

, “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



intermediate stage of manufacture. The portion of the flip chip assembly 100 shown in FIG. 1 is part of a
continuous-strip flip chip configuration that is manufactured and assembled in a continuous assembling,
forming, molding, curing, and singulating process as generally known in the art. As taught herein,
however, the continuous-strip manufacturing process is uniquely configured to provide packages having
flat panel heanspresdersnagieardlyfexposedegvbhsabstiamatignan ditreifitacetionfagiecoffdach

package, in aReWsuMAcCAMPltatadirandacaRemicd Rrareasa T PisRemicanduciosfinshipdevices such
as chips 102, having solder balls 104, are secured and electrically connected to the top surface of a

substrate 108" RBfEAHAE ThbE L6WMY on the top surface of the substrate 106. The substrate 106 is
provided and configrifgrriig accortifL@US giehpifornabwand ihei@higa IR dre attached libdaucantinuous strip
format to the. substrate 106. An underfill 108 is,applied between.and. fills the spa tween the chips
102 and the SLEE A 08t L AR o B B e R i evormplary
chips such aBlthd chiproofwill tsataysemisiarl firhihinagmégontethehsubstraeufasuicdvithdiso be

understood thal.athel HestonifrANRIASRIS MAk AR horesemhiad antohe.shstiatel0g, such as

when packages in system such as FC-SiPs are being fabricated according to the present invention.
Accordingly, S78EHIBROYN 48 Qictiin ARdebE B dYMAYR Ve R WRESHHBI ARG WIS represent
such other cqiroeneidsuaifiay Sysiémseds @p progdateatkadesringviipwiio FitneP Hhigrepidsisiiown the
configuration og FIIwl 1 fO||OV\ﬂn 9pgll)|ctgtlt83g of a th%rmal i terfac%@agfrlgh(ﬁgglﬁﬁ%ezoo to the upper faces

. | 1
of the chips 10 erop oSite the SUbstrate .yRaenfeePrllr% now to FI , herel SHGwn the next stage

following FIGuzemithisaicdntirdiesesastrigahpegngfacturing of the flip chip assembly 100. Thus, FIG. 3 shows

_the_ FIG. 2 configurafion with-hardditien of haakisar @l?&llel§(§l tht areiRseaut fiaiRanegls,placed
individually onto the TIM 200 on top of each of the chips 102. The heat sé?readers 300, preferably of a

suitable metalfit RNt ISt GHEN AR fothn (PR SHITRTE tlecipErai§2! B9 othe i 286, Which is cured,
for example, iwthgronahewinguriRefetinamowda G GCTH, {hieneir isishopiddetdast seatipnaliview of the

structure of FIG. 3 following application and mold of an encapsulant.400 to en sulate,all of the
solume aroutrsaney SRR A R DR B e G SRR BRI, So0. As
can be seen,sehgzgisuMtingthadseiidOide erotichipdesdicendithihermapebdersmsthhghips 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.



top surfaces 402 of the flat panel heat spreaders, opposite the substrate 106, externally exposed. As can
also be seen, the positioning of the heat spreaders 300 above the chips 102 in this manner provides
maximum space and volume underneath the heat spreaders 300. This advantageously accommodates a
wide variety and number of chip and/or system component configurations. It will also be appreciated that
the encapsulant 408¢etsyriint théodhtirets prseinpelgw whe teeissisréandrsis0aHY abeserthel substrate

106, significapity stiffeRs e apsemply iR RipimizewairagehersoloReferhing Ao QRS therein is
shown the structure of FIG. 4 following the optional attachment of a ball grid arra ("BGA"CI 500 to the
bottom or un&@?gﬁeabqliﬁ%tmfalgﬂ@g BBE%QF&?H‘E} ehips PSR BEAB MY RV tonventional
manner, for Sobseguantphysicaheaddulaalfitalseanicediomaditpakserably vidhafinishadepackage onto a
circuit card, a circuri% boarﬂ)zog tthtﬁ mﬁ%t The BEA, 500 [ connecttsageetlﬁctgh "’s‘l%tien wn fasﬁion through

(

the substrate %éubf fraces (ot s%own)p?ﬁgt cg%ltnsé)éte,aa%rsaipo l%?)nate or the con |gUrea)1(ttlgﬁlaaly hand, to

various circuipasestns on the substrate 106 and thence to the solder balls 104 on the chips 102.

Referring now to Fi, &, {hgrsin is shonepthgistivetoreneiiGsprioiawing arrventionsl sigiation, such
as by sawing. The singulation results in the separation of individual semiconductor packages from the

continuous st BT BFARIeH KB HRSBATKI9 ] 0B YRIUaseraeid She dsrePrRiisTadAPFEBs and/or
FC-SIP units ahanadsingljaicoonzaoese 60 2viReferidnganowdiatelor ¢hifhanaibrisyskavwvamiass-sectional

view of three of the units 600 in their final product.configuration. Referrin w to FIG. 8, therein is shown
= bottorm vied 3 B e L g R g e I e e view o
one of the unigoB0be Refepinglavwid MIGboee the reinisHOmsiztdsaidwsofionethf aseemhiss 600.
Referring now,teifiGi-d batigseimds.ghown 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 1100 shown in FIG.

11 is similarly part SFERiMIBuLOSHIF fornfar et ts S MNAURE iR S P addEntbild i 2 &), continuous,
assembling, tgnmwing, anaicing: edringalapddsingylatiBGprocEsstthatepbouitde opackager having flat panel
heat Spreades'ft?bgé;[l?g r’i%léyopposite 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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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 asigbdtbatél 906shawunel drifl- 108iss eipplidy batvelern sadtiiethessipateapatiiénthe chips

102 and the sihsthaigtOhASRE8I& hvilhalsoBRHRNRSIaRh HIRkOtBRh BIECHORIGE )ents may

also be assembled onto the substrate 106, such as when packages in system such as FC-SiPs are
being fabricatdd. SR ENSGROTRYS LribErotsles LAk Arangetaripu! dratimspdaveesiiiraNemplary and
also represenrkpoeid otlestsmpongnis danidécusyistemnsaals mopigariate. Referring now to FIG. 12, therein

is shown the configuration of FIG. 11 following, application aof the .TIM 200 to the r faces of the chips
102 opposte the suLAE 108 e e o e oL Sl SRt e B (¥ lowing FIG
12 in the contifusesastipdalsatiferdty dpepeftedddiipedhips adaeambi/sthaater HisORAdadakdng the FIG. 12

configurationyith.the, aelditionuef.acNahspisanes stp tROQNENR Pk hsvisantinvesktilat.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'SBCIREIHRUASEIPISrERGn e 94Bh! YRare SHAREFdRMEP ALY W IR AmdHdrdlit is shown the
configurationsabétife 1@6in Avhidldeiidl HEsais spierdeestipn k3aQi(lslGe $B)kisbsepatiatke dniis irnddvidual heat
Spreader panael ; 4(30581']:@% 1§§'60<’;1ration may be accomplished, for example, by a sawing cut such as by
saw blades 1402, ke erring now to FIG. 15, therein is shown a cross-sectional view of the structure of
FIG. 14 following apylibefiten dndithalitiry ohdersershgsulatca ol dsoarcapsotakntslinefthisovedume around

the chips 102 apghbiRaQihs develinhiie 10, sudrcesielafikhr heal srpaden Rarels0Q. As can be

seen, encapsul_atirég the semiconductor chip devices in this manner leaves the top surfaces 1500 of the
flat panel hedC & daRiisaedpgsstaing substrhtes 1108; abenaigrdyrssabedasredhualsdibe @en, the
positioning otaepiaat sprardespanals d40irbovejbe:okipsd/d02 iethismgpReripkovides maximum

space and volume ynderneath the t spreader panels 81400, thereby a dating a wide variety
e number of chiey S e i DGt e S AarEe e o A0, by fline

the entire spaceliselow ohéhnday! 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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spreader panels 1400 and above the substrate 106, significantly stiffens the assembly to minimize
warpage thereof. Referring now to FIG. 16, therein is shown the structure of FIG. 15 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 ontd #0irtiebzretcareiroditipedraide Haedikant neBsRoSdongrbpnssten csepdaanly through the

substrate 10 Qyitaagsnidolshannthat CarRReiiR Mi%&ﬁifﬁg‘ﬁ@%ﬂﬁw% Retheiswhalrate 106 and
thence to the solder balls 104 on the chips 102. Referring now to FIG. 17, therein is shown the structure

of FIG. 16 folfBlig" Sstiatith srdhaRnitdresihesiadéiorn .%ﬁiﬁ@%‘yfr%ﬁeﬂfet%ﬁﬁ?ﬁj’&lfg &¥rip format of
the flip chip assanblyvida@e(Fkeeol6). The singulation has resulted in the separation of the flip chip

assembly into indivigual FCIP and/ C-éiP units.l?%%O at sinqulation z 1 é eferring now to FIG.
5. theren are sosth HAE B e s TooBer i P S S A DRSS R 0 B
19, therein isostionn aftbditaent\iew BH ontddfendaubptsony oounpesseleint thow bstRIG | @ oprestin is shown a

cross-sectionﬁlevéﬁ%/sof@e PhheciESo 400 r RefRIIRGROPAIRIECA ke itogIEIN dSrHlouyR adap View of

one of the units 1700. Refer,ri,r%% now to FIG. 22, therein is shown a portion of an alternate embodiment of
a flip chip asSSHEYY 250 it 8rrraar-28 L A GRS rrdufaciard. Perel periisn Beth &Pty assembly
2200 shown 806 iScatndstsinitattycpidytibioagomtnubtimstnipdosmatthahds shoamy idatureciantassembled

in a new, confinuous, assembling, fofring, moldi ’a%‘drlﬂaicé‘j‘(gtﬁie”&}fc'gy %ngr}’&f%% {hat provides
packages having Yiat pane%ea spreaders externally exposed over substantially an entire Surface of
each packagé9Zrhus, semiconductor flip chip devices such as the chips 102, having solder balls 104, are

secured and e|eCt”R%klé’r&{?é‘r}{%ﬁ@e%t(ﬁ@?l@ptﬁ&@&c‘?soilﬁw%i%b%%&&c%&%iﬁ*ﬁﬁﬁ@?ﬁﬁl@&%gs“own) on
the top surface of the substrate 106. The substrate 106 is provided and configured in a continuous strip

format, and tREEHYS™ eDInHY idHal frBHCRP LS R BREASS SH O TantE AR LtiBdamat hEreAlRinderfill 108
is applied bebngenandilsiiteEBEaCKH hethesinghrahipssh@ulaad ihe: sepatiada dOkhe FHschpfore, it will

also be undeggg(e)r% 1%%%ooliﬁlﬁ%ﬁh%‘ftﬁ%%caﬁé?mﬁ%'- 1 Surrlri]tasyl%ﬁ%tbsemgulation 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.



assembled onto the substrate 106, such as when packages in system such as FC-SiPs are being
fabricated. 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. 23, therein is
shown the configuration of FIG. 22 following application of the TIM 200 to the chips 102 opposite the
substrate 106, and dispefiesing avitl Agspheativarepeanh Gacapsalelaett300 emparratoprar theo gbstrate 106

in the open spacgiRebyReMNGIChiRe 106, anchprionRABAANG Aflgkranelieal seregslerthereon.

Referring now to FIG. 24, therein is shown a cross-sectional view of the configuration of FIG. 23 following

attachment oP " SoliBHGYES: fACp A ENEFuRNAP AT BMS A1 (5 ctibsre SOl HE Wnte strip. The
continuous flak@apiehhaat spseasiescad O isogeturenpontatihadassestdnly yapipeopti200 and/or the

encapsulant 2300, following the curing thereof. The volume of the.encapsul lied in the step
lusttated in F16. A SO & Elon el il fhe a0 He GO a1 OB, P e
continuous flapplamaebhedtthspFEddRi02e0be ghitsotddepposite digipsbiaatesinhilany dispantiesctier flip chip

assemblies 190 1(FlGn Hrapd-hlQAEIE Qéé'a-(ﬁwm%ﬁtmdﬁ%ﬁmg@ﬁ@@qli@méﬁggg?\g}%@sin this

manner leaves the top surface 2402 of the continuous flat panel heat spreader 2400, opposite the
substrate 108°B3GERIEAYERD SR A hRTREIP ALachine 4 HirRTHIaM SPETARS BRESBsulant 2300. As can also
be seen, the positigrengrafthevcantirciaus fhatgpanahbeat:spreadeartid4l iabovehtheafignsadioR in this

manner PrOV‘&?&TaZ%rPO‘ffPW%Ea%ﬁ%;%%‘E'H e Lnderme: aghgne ﬁéatSE’fr%%‘S‘erﬁgﬂgfgﬁx ﬁ%%mmwaﬁng a
wide varlety and number of ¢ %p and/or system component con |gurat| ns. ?n addition, the eﬁcapsulant
2300, by fillingateefervirahsratiee Balpwliivreconmimyo ik fianpbilt kpmhdpredies s400cd pdtabisve the

subst_raﬁe 10%&5%'@‘393?‘?% ﬂﬁﬁ%otﬁﬁd?’és%‘QJ%J&GMHI@%W@IB@Q@&E@%Q% eferEifg AgW 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 YRE'"@§hetriite qtsERsp8kite Vtharelifsk ode THP BlAUe e S G Shibsagisetst ghysical and
electrical connespiettigntll assesphly abdhe firishespackagetenie aheircetitioasds algirpuibaasd, or the like.

The BGA 500 is %ongfé‘éed glgctricall t6hr %g;i 2e lsrhjll?grﬁrate 10 bé’t tl’?. ot shO\/\{)rR th% connect to

S
> BBA ween th t y
various cwcuﬁpﬁ%lat erms on the Substrate 1 hence 10 the solder balls’ 104 on the cﬁlsps 102.

Referring nowrl& AGmRe] e &ltis Shoturrthenktingttihe somii@dggdoltbinidgvistgulhiiomafierdividual
Semiconduc'@é’ap@sdﬂﬁgﬁﬁ)fEQﬂéQQW@?W%&MﬁIﬁE@E& %H@? iR glgeader 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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chip assembly 2200 (FIG. 25). The singulation has resulted in the separation of the flip chip assembly
into individual FCIP and/or FC-SIiP units 2600 at singulation zones 2602. It has also resulted in
separation of the continuous flat panel heat spreader 2400 (FIG. 25) into individual heat spreader panels

2604. Referring now to FIG. 27, therein are shown t_hree of the un_its 2600 in t_heir final prodyct
configurationciRefssemgn BAb(FIG. 228, thersingid asivavbasadsptieshinviesysefasriobpike s 2800.

Referring nOWsEQrEB@-i@t% fevainisrhevn Ao reesseainnakuieyy %gﬁﬁt%ﬂi%%"@%OZ.GQphBefe”ing now
to FIG. 30, therein is shown a top view of one of the units 2600. In view of theﬁrocesses just described, it

will be under@lSO&EHEEHE ssRRAGYS dhdsusgrinroyalabring Rsth&PFe PV RS WIMQve readily

identifiable initiie d ieshetingpfeatarfphrétatient according to these processes. One of the indicia will be

characteristics on the gieing) sufaces of e, heal sieadsrs ANC NG Mesl SPRFRCET Raals,fisclosing
that the external surfaces thereof were open and expose 1Zl.e., not protectively coate 5 uring at least
the strip encapediatiombgrigackages. Such characteristics would include, for example, the kind,

quantity, Qnd eXt?”k@fJ@ﬁQH@Jr%@ezgﬂ&@%‘fHﬁ@@ﬁ&aﬁ{‘gb&mﬁf W@ﬁ%ﬂgem&%em- SUCh'
characteristics will thereby constitute indicia that are characteristic of such strip open encapsulation.

Another of the indicRE AT NARIAGS- ard BRSNSt e FAORRL Y Sl A 0BE oL M Jeikvistic of

packages thatesere singulated by strip singulation rather than block-molded singulation. For the package

units 2600 (FIG. 26% till.anothe I gli\‘ceia.will e factars that are characteristi individual heat
spreader panels 26 ?l%?ﬁg%%/\?é)rvevr %%%%ttg orﬁlonv&fn%om%aé{r?ga%%ﬁ I(?lt:i%l}]e 8?!%% lfgﬁvse%@é'rface of the
continuous flat panéh haeiv spirébdl @r2400s (G de8)iRdfaitring InbsvuedFi@od1 thiiettsirpisisiesivn a flow

_chart Qf a meﬁ%@é&@%&%‘c&?&ﬁgﬂfaﬂ ﬁé%&%ﬂqwﬁﬁ&ﬁm%d%a%ﬁﬁﬁ@@&ﬁﬂ%ﬂ‘%aigﬁem _
invention. The method 3100 includes providing a substrate in a strip format in a block 3102; attaching

semiconduct&THER LI a QRS A A 18 e sifbbisie REOSIsRSEK 3909 Apdgirgdictheritabinterface
material to thehseriencuciordemieesansarblasko3 106 halitagitvageas flaidpmealdaeaprapreadaeto each

semiconductqr dgvice lF 2 plock 3108 shcapsilatina e semiconductor fguceR g igaypg the

surface of the flat paﬁe fiea sprea&er opposite {he substrate 11 P P y
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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externally exposed in a block 3110; and singulating individual semiconductor packages from the strip
format in a block 3112. It has been discovered that the present invention thus provides numerous
advantages. Principal among these is the heretofore unknown, straightforward, low cost design and
assembly process that provides for the manufacture of FCIP and FC-SIP units in continuous strip
formats. Anotiearaalbagitegfedsidiieel Hibt(hanesnautaspeciadeidydbiamedapstsirackeesubismate, allowing
maximum spagaipderneaih fhgkeal spreader to accommodate various components, particularly in
FC-SiP configurations. Still another advantage is that the e.ncagsulant_fills the entire space below the heat

spreader for improVed4saeRagE SRRl eGSR AR 2880 ROV e s AP HRAARE s that the flat
heat spreadePsinitifitieasitipe Niassafacthe ng:reonig uiakiongy aseAsisémbied inte thepackageadvith the outer

surface of th%s*s‘g%kﬁg’r?&%sesf%hﬁ"’%%%&%%ﬁé’- TRk ac?u%“(?f“%%%ﬁ%& G '&AE}’S%‘H?;%%OHS@V of the
manufacturing process, as well as maximizing the external exposed contact area of the heat spreaders
for next-levesthedpdigsipation. Thus, it has been discovered that the strip-fabricated heat spreader

assemblies and thex ffticatiommathogis therelop.as iruohi-bergin fenish pRadant apdhgretofore

unavailable solutions, capabilities, and functional advantages. The resulting processes and
configuration8 QY& SFAGHHBRIBREC BRGHBATR AT ISR bTRGRESESY AFHGRIY RIS AR UM EPBIRSBAVE; can be
implementedpaytiadiagiinig Rosihcedhneldgiss, and are thus fully compatible with conventional

manufacturing procgsses ((;;J}Ed te&hn Iogllgitﬁgvtwe the inv nti%ﬂshﬁ;l% lgeen descrig)eeid in.co 'Qépction with a

‘g % a? er advanta the encaPsu an Pre ace ow the .
specific best mode, 1t Is e unders at many alternatives, modifications, and variations will be

apparent to tpessdasiitiedniprered axackatig biidhckrcandoreyuiggrelesaription. Accordingly, it is intended to

em_brace all such alq_%r[ngﬁwtggl, medifi iqpqhgnquqqg@tm§ whighdall }/Mitﬁllig ghﬁ)gﬁgﬁgégm}gg included
claims. All matters hithertofore set forth herein or shown in the accompanying drawings are to be

interpreted in“aR KA EISTBI ithitig MeAddags T AT C CARFEBHSPE R fhethod for

fabricating a semicondgisstdr paakagenttom@risingic Rivyiding arslbsimianod stsipfarmatusttaching

Semiconduc'[%o%gg/si,c & \!\peﬁl %t r}gal;(olrrnrpz%éotﬁp eex%lejrtr)lglrea:')ggé)sed 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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applying an underfill between the semiconductor devices and the substrate; applying a thin thermal
interface material to the semiconductor devices; attaching a flat panel heat spreader to the thermal
interface material on each semiconductor device; encapsulating substantially all of the volume between
the heat spreader and the substrate, except that occupied by the semiconductor devices and other
electronic dedESNYEVHEY GhARdIEASrate, with open encapsulation, leaving the surface of the flat
panel heat spreader opposite the substrate externally exposed; and singulating individual semiconductor
packages from the trip fogrﬁéett.hﬁﬁi?fefﬁléfﬁ'ﬁ%%fs&g TWHE B e HEAESHeader is a pre-cut flat panel
configuration. 3. Thpronetingc sfitelante b wheiretfortha;heat spreader is a continuous flat panel heat
spreader attached (aytg%rﬁH §£§rqyﬂl%g?§r gglrgssﬁ{ig &ftgggr}gjm% Thenethed.of claim 3 further comprising
at pane vidual h T

cutting the continuous fle eat spreader into indiv eat spreader panels following attaching
the flat panel heat 3ppbARENINYYERstMGEThe e Idrtier doimprisiddhdispstisiag an encapsulant for

encapsulating the sgipigeRusinndeyisasereiahatiashintihedrbRanelneaterreader prior to attaching
the flat panel heat spreader. 6. A method for fabricating a semiconductor package, comprising: providing

a substrate in a corftifGBUE rif¥omAat LR AR LEmiRoREudBFabIRiEY 4 a"ed Ié}ﬁ]ué’ﬂsefﬁji‘p format to
the subs_trate; applying_ ancrderdiichetieear;the semico_nductor deviceg and the sybstrate; applying a thin
thermal interface m%ﬁ%%%&%ﬁhe Qt%{ltfigﬁisaﬁf BeReTURANAUCIQL 9%8%8@%%{1“&&%??‘@@?
attaching a flat panel heat spreader to each semiconductor device %y means oipthe thermal interface
material; 13 curing the thetthgil e P niatéridc enedpgsulBengesupdrgianydatiesstiadolihefe between

the heat spreader and thegjsubsiiatae GxeeRkibabRecURiaddY heseMisrRdyLior deyisendnd other

electronic devices assembled on the substrate, with open encapsulation, _
leaving the surface of the flat’ panel heat spreader opposite the substrate

externally exposed; and

singulating individual semiconductor packages from the strip format.

2. The method of claim 1 wherein the heat spreader is a pre-cut flat panel
configuration.
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 thin 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;
13



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 singulating individual
semiconductor packages from the continuous strip format. 7. The method of claim 6 wherein the heat
spreader is a pre-cut flat panel configuration. 8. The method of claim 6 wherein the heat spreader is a
continuous flat panéhrieshe premaehd iderdateatabsed substantially the entire continuous strip format. 9. The

method of claim 8 fupthet aamerisingsutling decantinpusdiat pang! eatsptpadasnifuingividual heat
spreader panels following the steps of attaching the flat panel heat spreader and curing the thermal

interface material. 10. The tA¥AGd ¥ ERinPa FASHEEEh Y il GRMURlY afpdespediatbsbr
encapsulating the semicosduatordeiidess anddiabiatiachinig:thetiatpanelheaicapeaagsujarion, to attaching

the_ flat panel hea}t spreadtleera }I%ﬁ %mslggg%ucp{h%aﬁlép%gﬁeinhae St régﬁg}agg{ggsqur{ 'en(?ﬁbﬁ %glebstrate ina
strip format; semiconductor devices attached in a strip format to the substrate; an underfill between the
semiconductor devices arrktitisagysstreted:a thin thermal interface material applied to the semiconductor

devices; a flat panelheatsnserdan atiashedio dha dhermpabintenfasemairrial@risach; sgmiconductor

device; substantially all of the volume between the heat spreader and the substrate, except that occupied

by the semiconductSPHEHEES SR BHH SF RIS LR BISIe PG ASE LR HISI SAP YR HE SR LFAY: being
encapsulated with the surfgce of ihe, figt ﬁ%ﬁe'é‘%va}}er%fr{ et%‘d%{e‘é’tp%’or%ﬁﬁéh% Substrate tﬁja‘;‘%gﬁ%i‘tema”y
exposed; and the packages %avmg indicia Characteristic of s rip open encapsrﬁ)fatlon. .'The
semiconductepifartkaiges of claim 11 wherein the flat panel heat spreader is a pre-cut flat panel
configuration. 14 13. The semiconductor packages of claim 11 wherein the flat panel heat spreader is an
individual heat spreider papfeiRerbr SHghfintisuefdbpAr wecdepie ddentinorh S diicbnductor
packages of ataigpichaehetiethdheitakpanalhaatispeaatderoisueaniinpdoisnllat panel heat spreader

attached over substantially the entire strip format.
9. The method of claim 8 further comprising cutting the continuous flat panel

heat spreader into individual heat spreader panels following the steps of attaching the flat

panel heat spreader and curing the thermal interface material.

10. The method of claim 8 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.

11. Semiconductor packages in a strip format, comprising:

a substrate in a strip format;

semiconductor devices attached in a strip format to the substrate;

an underfill between the semiconductor devices and the substrate;

a thin thermal interface material applied to the semiconductor devices;

a flat panel heat spreader attached to the thermal interface material on each
semiconductor device;

substantially all of the volume between the heat spreader and the substrate, except that
occupied by the semiconductor devices and other electronic devices assembled
on the substrate, 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.
14



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;
semiconductor devices attached in a continuous strip format to the substrate; an underfill between the
semiconductor devitks anththiesigestator abinaticrhradimté Hadematdadlappiddeetibscagper faces of

the semicondygiphHEMICEHORRARIE R RYRSIAIE: & HaliPabe! ﬁ%a%@fﬁé&l%[lnﬁeﬁé&hed to each

semiconductor device by means of the thermal interface material; substantially all of the volume between
the heat spreader and theTBubstratendxceppitiaizaadupitd by tesamircoidyeion demicpeatd other
electronic devices ?semb%ﬁg on fhe ubstrgetre tpa%ﬁ]e% encaﬁlfjlatﬁglwméth surt1;§c? of gpe flat panel heat

1S a. coniimuou el héat sprea |a over tan entire OI‘I'I}‘| .
spreader opposite the substrate being externally exposed; grid arrays attached to the substrate

opposite the semicqrductef,deyices;ANtINERREKRIBS RAYRIIINdiGA ShARGIRLISHC RfishiRpren
encapsulation. 17. The semiconductor packages of claim 16 wherein the flat panel heat spreader is a

pre-cut flat paFI COARGAFARGK2EES STPRBIUEhTERRctBhiarahaldrYamirtis WRBIEAR A& panel heat
spreader is individuallhwat. 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 dfer sulsstzaatidiyton@asktigesstripdarimaus OripHersetniconpiireier packages of claim 16

further comprising indjydual senispRdueQiRAC RGeS singulated from the strip format and having indicia

characteristic of strip singulation. 15 ) _ )
semiconductor devices attached in a continuous strip format to the substrate;

an underfill between the semiconductor devices and the substrate;

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

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

substantially all of the volume between the heat spreader and the substrate, except that
occupied by the semiconductor devices and other electronic devices assembled
on the substrate, being encapsulated with the surface of the flat panel heat
spreader opposite the substrate being externally exposed;

ball grid arrays attached to the substrate opposite the semiconductor devices; and

the packages 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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