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THERVALLY ENHANCED SEm conouctcr packace. Ao verraIHIIIN
PRODUCI NG THE SAME BACKGROUND OF THE INVENTION Field, .

of the Invention [01] The present invention rel at

to
o hermally enhanced package for o seconductor [N
not limted to, a package with an integrated heat *G00002*

si nk for THERMGILLY BNHAKECHIPBEAGCaRS cﬁ%’é |4
chip nodules (MCMs) and quad fl at n(g}r: ead}e)écrﬁ?é‘c %ges

(QFNs) . Descrigboemfioblss Bﬁb@ﬁf@kN@"TH%%ﬂwﬁThe quest

to increase functionality and chip speeds 1s a
conti nuous ongoing effort by every chip designer in
t he Sem conductor industry. The increase in signha

speeds in the cBARKGROTND (APTHASHARLETfOR! | enges for
t hermal managenent. H gher Si ) d hi gher

Fielll Wneel Ia0&ltiohy | eads to hi gher junction tenperatures.
To keep the junction tenperatures |ow, various

[01]t her mal TEObHdehPRSe A /ad 03], Pl asti.c Ball _
grid ar rg‘c'cy)}B ( PB&) © pgglr(gég[tggsdoza%&énﬁgﬁﬁéhﬂp %%é’&‘:kage Tora semiconductor

chiplafdlia @4 of Yormly nga%eezlt ingfr%gee% glgtr'gg(lbtrlﬁsrrﬁlgﬂtté,%%aci:kségg with an

drop-in heat sink that is e

inte @REARSH iRk kQbal %M%éggék‘%%ﬁh gsgg%itnfdé{? SgE}%ES@%@wCMs) and

Space within theé pac posi n
quadoﬁ@%@ﬂ@zﬂfedBgckﬁgésiéb%ﬁs)‘?hi ps and ot her devices. For
S

exanpl e, figur OWsS a cross-sectional view of a

Desé® R includes a drop-in heat sink 4.
eS[rggi%nHi g yaﬁtggsl?ﬂ{t)roduced | am nat e based packages such

rrayed and are

[02] ?TIS;I glegep%l q:‘j‘g% é?%?s(rﬁl:fgﬁé@%é?lﬁé 3{‘&@8 SReEgSs @ geRimuous ongoing effort
by eg?%ﬂ\z}) g%ﬁg%ngi‘: Eg’lﬁb ?%ﬁilléw é‘%té’f ingil%tga/ ieﬂueﬁ%%%(a%g ienﬁskéggqpt@eq%in the chips
Pose) R P ok e o ¥Rl < seBebpoed and higher
functT(g}S_[iSIleJdg to ﬁgﬁ%‘% junction temperatures. To keep the Junction temperatures low,
various thermal solutions are available.

[03] Plastic Ball grid array (PBGA) packages are encapsulated individually. Therefore,
one thermal solution is a drop-in heat sink that is embedded during encapsulation. However,
drop-in heat sinks take-up space within the package, posing constraints in the placement of active
chips and other devices. For example, figure 2 shows a cross-sectional view of a PBGA package
that includes a drop-in heat sink 4.

[04] Highly mass produced laminate based packages such as fine pitch BGAs (FBGAs),
are arrayéd and are molded in panel form and singulated to produce individual FBGA packages.

Arrayed packages don’t allow space for individual drop-in heat sinks and it is not economical to

waste substrate real estate to have individual drop-in heat sinks for FBGA. Therefore. some



1 approaches to deal with thermal managenent i ncl ude
the use of arrayed heat sinks with connecting down
sets. However, these types of heat sinks have quality
i ssues such as nold flash during the nolding process.
These quality issues |ead to both aesthetic and as
wel s .t her. erformance problenms. [05] O her
oo st Rt S R P TPaR P i S oA RS ER At snks wit
axgg&%g%ganalso have sever al gisadvantages. For

SR ANE YD Py PRSIt ARESHINPES Bl Papbtipesdiede yalipysissies gsh as mold flash
duinq ease. production ti .and costs. In addition, the

b P Riel Rt d e rttes AP PoHfeatetheionted 2 il thermal

Fasil E ?Ied-off. [06] One of the current nethods of
PertSP BRI PG

% hernal | y enhanced seni conductor package

is by attaching the heat sink | onto top surface of
(05 he 1 ul |‘§)§Wa H@&W%%&%P%‘@Uﬂ&ﬁ@k%@@ ibfp preages abfo lame several
d.%&hesive | ayer 3 as shown in figure 1. However, this
IS EHYES pF YV arBRle. ey nRER Bulindnprogrgheienswehigduinercaggeproduction time
when t he heat sink is attached, which mght lead to
andgadly Inaddiion) thoheat Haksrap e sipmtignad: Hdso, el s can be easily peeled-off.
ncountered with this nethod include controlling the
06Fount - Sime @R SR Meshads efproducins athrmidily eheatcedienticahductor
to the nol ded surface 2. Excessive adhesive 3 can
packagg debiniteling the heaitsinkn atte topesueshap of tretfalty matdes s¢nieonductor
ackage edges or the contact pads. Insufficient
pacgztﬂﬁ Sy imeancRf\Aaredbssive davenp soshoawuse figarede  Hlapsvdarhais method provides
adversely affect thermal performance. Finally,
an 1geqngiseniaghertvetcoserage Wheaftheheas sink il ahichen, Wisicinotight lead to easy
econonically viable considering the mass scale
remgy ) @l theihedt sindq Qlthes inswtsenoduntdne wale kasgeethdDiaklu@eontrolling the
object of the present invention is to provide a nethod
amaynt fpcResyierigneaded te pttastidedhdaesink §itmihe s@ided omdiate O Excessive
package whereby the sem conductor package has good
adhesiver ngan cetsgbleed vty which 9ltamadely aontheinass taiphadgsbddas ar the contact
si npl e manufacturing process. [08] Another object of
pads. hlasyffidseathdsiveentdrage dag also ciurse Virghegaps haeddveisel affect thermal
structure that provides a vertical cushioning effect
perfgumanag Fiodlti, atpching Bfat Andit Ihefter @ibjp@ationa$ nétReordnasgRtviable
invention is to provide a heat sink structure that
congdezmgeltr mass isfdld prgdictive eequhaheteense phgagreat si nk
structure engaged with the release filmduring
[07]ol di ngOne object of the present invention is to provide a method of packaging an

embedded heat sink semiconductor package whereby the semiconductor package has good
thermal characteristics and can be assembled with a simple manufacturing process.

{08] Another object of the present invention is to provide a heat sink structure that
provides a vertical cushioning effect during molding.

[09] Another object of the present invention is to provide a heat sink structure that
created a lifting force that keeps the heat sink structure engaged with the release film during

molding.



2 [10] Another object of the present invention is to
provide a heat sink structure that inhibits nold
flash on the heat sinks. [11] Another object of the
present invention is to provide a package that
includes a notch of encapsul ant around the corner of
the package to act as an interlock for the heat sink,
[10knhanci Myotechien: af thg Petsens irjentidneis wepmvidhe him sink sinmure that
. and cured encapsulant. [12] Sone of the innovativeness
inhigjts pR{dS1gsh exdigdeitsinkhat it can be applied to any
arrayed, |ead franme based or | am nate based packages
[11ahi ch ar@ohst efiert efithe meeseit deventfiort i ¢o sobide p abakageTthe includes a
heat sink can be any thermally conductive materia
notqhf of leneapailt éroupd gisepiner SUMVIRYageRo Tkl laANAENICORbr[tHeeat sink,
This invention includes a heat sink structure for use
enhpneing t8ehdldioa duenztr bepwedabeheat fiak andaraddesa@ulaning
structure with down sets and a heat sink connected to
[12} he ri n§oseplide urmevatileeess dOws meke tahatiecalbanpgitd b any arrayed,
V-shaped. [14] The heat sink structure may include a
leadoframealbdsed/ordiming@tbagidrpeskagemehidil hregndiiea 4@l die 3ide by the @fibstrate. The
heat sinks being arranged in an array. Al so, the heat
heatssinkcas the @ty heenatiyycondietivdma@rigl (6ot @karhyle Qoppdipat  si nk
arrays. [15] The heat sink structure nmay I nclude
etched tie bars t$HEMMARYOF THE INVENTION to the
ring structure and alignnment holes for aligning the
[13heat si Akisam@nSoistindéses hebddik sthRukd6e0dd iRR s@hROnductor package
i ncl udes a nethod of manufacturing a sem conduct or

thatpeddikdeg @ ring Biddctird Gliti@esnists @hd 4 Aéht Sink UOHeERE B M fikk @ficture. The
attached sem conductor chip in a first nold portion,

dowl sag icRigbesi e orSV-Bifapsd.r uct ure on top of a portion of
the substrate, placing a nold release filmonto a

[14]second mMa¢ BeapSihk k@itwure hAYRidided shaaRy &f ARk $nROScI@Mhg the plurality
onto a portion of the heat sink strucCture, injecting

of hadl sRRCBARLAraMged Ml afraflDAGoCAY héa sinRRE@H® nla)Enclude a plurality of
encapsul ant surrounds portions of the substfate,

heatS®iHd £ARFuUct or chip and heat sink structure, curing the
encapsul ant, whereby the heat sink structure adheres

[151t0 the QH@ﬁelﬁthl@m‘ucu_frgﬂﬁyiirmhd%Q@:h@@ff@%ylh@f%ﬁg%%ﬁm@'ﬂ?&!t%ink {0 the

fromthe no and si ngu [

gulating the encapsu
ring&5@0HRIMd Bﬂgrfn%nhcﬁessf%MI%E}%l{ﬁé Rdar BAEKAPEbstrate.

[16] The invention also includes a method of manufacturing a semiconductor package
that includes inserting a substrate with an attached semiconductor chip in a first mold portion,
placing a heat sink structure on top of a portion of the substrate, placing a mold release film onto a
second mold portion, clamping a second mold portion onto a portion of the heat sink structure,
injecting an encapsulant into a mold cavity, wherein the encapsulant surrounds portions of the
substrate, semiconductor chip and heat sink structure, curing the encapsulant, whereby the heat
sink structure adheres to the encapsulant, removing the encapsulated assembly from the mold and

singulating the encapsulated assembly to form a semiconductor package.



3 [17] The nethod may al so include using a vacuumto
force the nold release filmonto the second nold
portion. [18] The nethod may al so include attaching
solder balls to the substrate and aligning the
substrate with attached sem conductor chip and heat
sink structure in the first nold portion through the
[1Tluse of §bd wethpd mey alse dicluphesimetivechumay falcs theimad tkeise film onto
singul ating the encapsul ated package through a down
the gggndgpoldpefiied- tie bar. [20] Wien the nethod is used
the down sets nay create a lifting force when the
[18]lencapsulemmethgd may elst uida atuiudimasottiec Ballstiy the RBbktrate and aligning
provide a cushioning effect and may keep the heat
the wibpikateotith hieachethtemiéankusdrrchgt andereengrag@tciifetih tiairgt @b dortion
release filmwhile said encapsulant is being injected
thropgh theusernd gnoe ginsavi ty. [ 211 The nethod may al so
include attaching a high tenperature tape on a bottom
[19]por t i onTief methed sup sk aickdekiapelating e efiaglhl Z@IREEAE WiBugh a down
tape will fit into arelief slot in the first nold
set qporchédod bar.22] The invention also includes a
sem conduct or package that includes a sen conductor

[20]chi p at Waehea® diddhal i§ URE tfedddtvn RE BACGRRY) ﬁﬂinF CRNEHhLPhe
portions of the sem conductor chip and substrate and

encap@igt isShja@le@id @P nllf fadBR maAWoRdDE @ﬁsh%‘nmé g gl keep the heat
contact with the entire top surface of the

sink @A el stk strultie: @ aded Witk aREGOIIRSRERGH ggllﬂg Quilt Qr?caé%ﬁ)ant is being

surface of the encapsulant as the encap ant cur

injecddn & eI &dvig. t op corner of sem conductor package
is filled wwth the encapsulant. [23] The notch may be

[211def i nedTiRYm@h&d ﬁt@y afo Ebﬁd@%@'g%ﬁn?&gg ?rgtglg]g&ééee%n Hottom

by a side of the heat sink a cts as

portidfl of it Sits@ak wWHefeid e hﬂgﬁ@ém&irﬁﬁre t MG otaii]&ePabﬁqg% first mold

strength between the heat sink and cured encapsu

portibg4] The package may al so include solder balls _
connected to the substrate and the sem conductor chip

[221b€i NG Wgn RANGESsS RctuBS SURSEIAL&or package that includes a

semiconductor chip attached to a substrate, an encapsulant covering portions of the semiconductor
chip and substrate and comprising a top surface, and a heat sink in direct contact with the entire
top surface of the encapsulant. The heat sink becomes adhered to the top surface of the
encapsulant as the encapsulant cures and a notch at a top corner of semiconductor package is
filled with the encapsulant.

[23] The notch may be defined by a side of the heat sink and a down-set or by a side of
the heat sink and a tie bar and acts as an interlock for the heat sink, enhancing the holding strength
between the heat sink and cured encapsulant.

[24] ‘The package may also include solder balls connected to the substrate and the

semiconductor chip being wire bonded to the substrate.



4 [251 The package may include a substrate that is a
| am nate structure or a netal |ead- frame structure.
In addition, the sem conductor package nay be a bal
grid array package, a quad flat nonl eaded package or
is a multi chip nodul e package. BRI EF DESCRI PTI ON OF
25THE DRAW NGS [ 261 Many aspects of the invention can be
[2hetter dheBIstesotaNinelhde efubsene eat @ atlinat k@ B2 metal Joad.
e drawi ngs. The conponents in the draw ngs are not
AMrSlue Ry jIp pddigons tglseicengyoas ipsckapdsib £8&la BRI é’rgj é?*a?‘ﬁ)gg(age a quad
upon clearly illustrating the principles of
fMtﬁF@§é Packggsitr isonmulphgovedule patkagene draMAngs Ilke
ref erence nuneral s designate correspondi ng parts

t hr oughout t hBR ESCRIP’Q’!‘@NOFQ‘ﬁEEh&lWﬁq S
illustrates a conventional netho produ g the

[26]t her mal Mpnendparis efthe BeeitRAREN 6 Qé'ttepﬁﬁdég:ﬂgrd Wit el? nge [o lhe

f112 illustrates another conventi onal produc
ollogringhdsawinlgh.y Theervnaioaets i €HE GaR IS LAY, P
Figures 3-9 illustrate a method accor di ﬁggﬁ8 4%§k m“pm““

instepd bejegplabauugob bkaﬁtl)olﬁluﬂfagq eleiniplds e enha
) seni conduct or package. % eggullé: ﬁ] } TRE "m ﬁ"omova'm
the dgavboghi, I’I’Efntefdﬁéncantulﬂ&ﬁmHl @é“&ﬁ‘ﬁ duc

package. [31] Figures 11- %b |Ildﬁgraf g%@?ﬁ &mﬁgFWSH“aIWCWS
[27] accor diFigurt 0 illk@a®s L&8NEnAYERL

thermal |y enhanced sen1c%nduct$b&g%é&M1Cmgﬁ§§¥ma1gﬁF@?"“ﬂ
semidd@hdadror ddksdaow t op vi ews of 2x2 array and 3x3 array of

heat sinks. [33] Figure 15 shows a partial plan view
[28] of a hd&agurs R MkusfriddBolRf £duS e 16 shows a

flash free nol ded pagka eIVf?ﬁ%§ﬁ# ?ﬂéﬁﬁ%ﬁﬁﬁé?‘TﬁﬁT“y
enharkeied kdricdndusidppekReCONMPl et el y assenbl ed thermal |y

enhanced sem conduct or package with an enbedded heat

[29] si nk. [Fa@ufesB-gueratSa sV a@&)r(ﬁh(g b E)r%sfeen?lgggnlti%[&paproducinga

rel ease filmbeing forced up agarn
thanmnybmmmc&Mw@K%@&%Rgbgggg&onforn1ng to the nold cavity.

[30] Figure 10 illustrates an embodiment of a thermally enhanced semiconductor
package.
[31] Figures 11-12 illustrate another method according to the present invention of

producing a thermally enhanced semiconductor package.

[32] Figures 13 and 14 show top views of 2x2 array and 3x3 array of heat sinks.
[33] - Figure 15 shows a partial plan view of a heat sink frame carrier.

[34] Figure 16 shows a flash free molded package with a heat sink 203.

[35]. Figure 17 shows a completely assembled thermally enhanced semiconductor

package with an embedded heat sink.

[36] Figure 18 shows an example of a mold release film being forced up against the top

mold portion by a vacuum and conforming to the mold cavity.



7] Figures 19 and 20 show cross-sect' onal views
gf[gx]Z ang 3x3 array heat sinks. [38) Figures 21 and
22 show an assenbly concept of a QFN package with an
integrated heat sink. DETAILED DESCRI PTI ON OF THE
| LLUSTRATI VE NON-LIM TI NG EMBCDI MENTS OF THE _
| NVENTI ON [39] Hereinafter, the present invention wl|

[3Be descrkipeds i Nardetoanbw Qyosy\@é/cu‘afldl%%%mfa&yandﬁqﬁ array heat sinks.
enbodi ments with reference to the draw ngs
3 g@xeNPdndry sesRadLIRALE &L , o
[ 8222::; bldf]igt he unde?sst andi rﬁlg of the&l nven? rﬁ’“kaﬁa“é%“ integrated
heaneihki ntended to limt the scope of the invention in
any way. Throughout the drawi ngs for explaining the

exenpl ary BETOLINDESCRIPFFONIRIRCAS ORIy,
i dent i cal NON\CIVITENG ENIBJDIRIPRTE NTION
for which duplicate explqan Tl unfz W T DeoftttTe—
A ¥kt ay
et PR SRR o o

Ioheisf , a chip
. 101 fdsfbg?? ggéﬁg\dyett(g{hgﬁgaf bsSt T at ew%&l BeJ %‘%B&’ ¥ hf@bﬁ‘b@ems are intended

i ) r frane. ltem
100 ‘?@;?ziﬁﬂ%@ﬁgﬁﬁiiEi%“?”é?ea%d Og{“tfeé’gﬁglﬂ) R e o f
B O IF LR TR R85, SR L, s
chip to e )

RENSR ch _or re-taped chip can

con%;gsdl r ec{nl%;}aégl%% %clﬁn g@hgoc tge SsaU‘Sg'ffa %g‘ée “W’?Fr%ld&?rt"i’lmﬁl duplicate
be wire bonded to the substrate.

explﬁgﬁg\%gkvm %éﬁ%mg?%sent [ nventl on is not limted to wire

Id apply to flip .
(4ojponded @hj-RS; iFO o 6X ¢ , _ .
chi ps, and the. % rE (%n;ﬁﬁﬂl]o af%r glOO ?Eﬁ?ﬁf;’gigéemcon uctor

packbIDRIde el ! F?ﬁh%??ﬁ‘ SR qsse 'Ian%"% Ubsie pagcbed o2 syhsrrate 102,

onto a bottom no

104
HN..al es thr ou UI de pins
SUbgﬁg ?ﬁé%a?tﬁégq@%‘eq ““" i Eﬁ@ﬁ‘ﬁ TR0 st n@ksgubstrate

k structure 105
o Bl L N By D Sk et 08
p of the

| aced on to .
exanilggs Prat e%%%/prﬂea?dogﬁ‘%lﬁ“% PD%P’iﬁrtQ’eﬂGQIP@an be directly attached to the

substrate. In addition, the chip 101 may be wire bonded to the substrate. However, the present

invention is not limited to wire bonded chips. For example, it could apply to flip chips, and the
like.

[41] Next, as shown in figure 4, substrate and attached chip assembly 100 is loaded onto
a bottom mold portion 103. The substrate 102 may contain alignment holes through which guide
pins 104 are inserted. Other known alignment methods could also be used.

[42] In figure 5, heat sink. structure 105, which includes heat sink 105a, rail/frame
carrier 105b and down-set 105¢ is placed on top of the substrate 102. Heat sink structure 105 can
be in a strip form. Heat sinks are metal structures capable of absorbing heat from the chip and

dissipating heat to the environment. To ensure proper alignment between heat sink structure 105



be in a strip form Heat sinks are netal structures
capabl e of absorbing heat fromthe chip and

di ssi pating heat to the environnent. To ensure proper
al i gnment between heat sink structure 105 6 and
substrate 102, the heat sink structure may al so

[ [ t  hol th h which th t of
and LB B Sk “PHeSie iy 2 BRI eRe g eavgh which the
t s. coul | sa be used. [43] As shown in figure
Sa“g? Se?‘gfd ”#8|PH1538? f“fedﬂsei%‘; §War BowrnokenBrr mydkads epnld @80 be used.

H3$re t hen glosed.to gtart the encapsul ati on process.
op nol d*3F8PYT BhiEhy 08P mPrkinRssiniok) 7Hes ot kokt pamednur08 are then
do&gkgtlogp. %44 A nmold rel ease film106 can be
s e e FRIREEH PHECS ) ToBImer!paption A0 57 aardd bhbeat sink structure
mﬂ28$$ sink 105a. The nold release filmprotects the
urface of the heat sink 105a and prevents
44Egntam’nation fromthe encapsul ation material.
[44Ex anpl e< BPldweipase N d A6 earrhel inseriad betwEerEhE kdprrsold whitioh 107 and the
h caqhﬂgthstand nol ding tenperatures. If a nold rel ease
caf i P8 likemolddplsasedtmapotests s iswrgace f thiemedthimk oS daridtprevents
to use a vacuumto force the nold release film 106 up
contagunater frpmehe ¢jsaprvlatiopmaterian Exa0ipleantmobint ki iife adiHTRE films
to the shape of the cavity. An exanple of the nold
Wth}éFaé‘a’!;‘@S‘fa{lmebfefﬁmtgmpftr@meedIfmnalgaéla&e fitres dise@, d®bfdthod of using it
. portion by a vacuumis shown in figure 18. O her
in Uigepeld dgo Hagye Yeuurn setpraeahd meleirtleashdilmmbel up efR@s efidg Mbld portion
bet ween the heat sink structure and top nold portion.
107 prdpontyrp thefitrh &0 e stzgps of it cavityprAocaasipleaT RNEAR B8Ot m bein g
113, such as a therno set epoxy, is injected into the
forcpdipiagainst the foptrheld ppeion dpacecuand shevicuBdre TEIOHRALMBds may be
of heat sink structure 105 becomes adhered to the top
usedsiqrisais heghold rdease Eibp betvant thased bk 8HGARE Uh@p i BSrion.
_[46] Molding with a release filmis well known to
[45}t hose oPumig the enqapfuieioa ptacedsN@r @k A¥s@lanal 1308{cAhd LGermo set epoxy,
~explanation is not provided. The only surface the
1s injegied ave the inhakd tohfit thie ®pémspa@Rtaae is cttddn ThRBord¥e 8 hesil Mk structure
structure 105 is the portion above the top surface of
105 bévemiee athesiink thk Gaasiaface shEe ichShlanDAh GRapRAYELIE
rail portion 105b that is clanped by the top nold
[46]por t i onMbldihg Wiktea rendaek filgd i€ @%8 knbivh B BH&VERES iR U therefore, a
conpound flash and ultimtely prevents any ’ ’
detaidirex plahaiah iiOnvt fovided. TBPoMYERALE the rIia%e'}‘th%(ﬁ NRARL: with the
is in contact with all the surfaces except the top

heat sitk b@eure {03 Rehdwatiorsdtake ho B suple dMBe RS {111119 RosaRay ﬁn other
the rail portion 105b that is clanped by the top no d
portipoatidve fhe &Y porfin 105b that is clamped by the top mold portion 107. The mold release
film prevents mold compound flash and ultimately prevents any contamination of the top surface.
The mold compound is in contact with all the surfaces except the top surface of the heat sink 105a

and the portion above the rail portion 105b that is clamped by the top mold portion 107. As

compound cures it adheres to the contacting surfaces.



compound cures it adheres to the contacting surfaces.
7 [47] After the molding process is finished, the nold
is opened and the release filmis automatically
detached. Then a fresh filmis propagated for next
nol di ng cycle. [48] Heat sink structure 105 can al so

[471be | am Aatede Woldin rB&Qg &G eé tkmn%]]dlzls o;l)elf’r]mcli Iane(yth%release film is
nol d rel ease fil m106. See or’ exanpl e

; C rot t|ve film
T Rt 3%?”*%%&*%3“%%%%%%%%%%‘?“ IPE15Hs are

[48]t hen Sen@iﬁ@tﬂﬁ@tmgl‘etlbg %?aqgfl%?ll I%Enea dpaﬁ']ka P[getgiglmﬁll{) in lieu of a

ej ected fromthe nold.

mol@k[éagésﬁlﬁpﬁ%r 3Qe qfopééalnpﬁo HMre B OGRs? ﬁiésen\é\%g{lﬁ[é(%l ;!rgcec-:ss the protective

alls are attached on the°sol dér Lo hens
e. Solder balls 108 are attac e 0 e
ﬁhnﬁgggggéiubstrate 102 by conventi onal nethodsI SegI t
0
[aoyfigure fe t% éind’ lgoqt% JInOlI nv ntnlagl?e ‘68 ﬁ%}ﬁrg@ﬁewp tgégq?cgagﬂated package

packages t a0 no k flat non | eaded
a
e %5 kage f‘tj(gﬁls?f?o% a’ggﬁr S Le‘gieild&%cd%%ceﬁsaél??d‘"ﬂﬁdlﬁe%é%a hgliaopst process,
whexlélggﬁgllgooatll?axpe a?tt | n? gr Oce Sla}gagig Egglgglﬁ}gsltrgtfo%ggie{lp@:qolé@;rg attached

ation
F xanpl e, a singulation blade
o thaa@?dsé‘éubsymaﬁé@%ﬂ?sowﬁétéo%ewa”?taegs ¥a ared Boersinungnion
rou
o G A TR0 oot i o

filled wwth the encapsulant is at

4
ﬂmr?ﬂ a8%ﬁ%§gqﬁﬁc%ﬁ§)package The filled notch at the top
cor ner acé as_an  interlock for the heat sink,
(501 enhanci ifg ?rﬁ@e fBtediPATk 28t s b ndetemaaating @rdvesstaftsi milding and
red encapsulant. [52] Figure 10 shows a fina

p“mg%ﬂf@gﬁﬁﬁctor package 111. [53] Another enbodi ment of
the presgent invention includes an integrated heat sink
[51] struct .mqi?eél&aékaﬂi 11 Qisghesr s & sizechyi sewalg. Foeewaofpld, heingulation

rated heat sink structure. It consists of ring

blade ]&9 lfg'f by Bsed¢a dicq He deeieed agdaniSse fgare & Beemsoripasddal package 110 is
n the heat sink structure and are connected to

cut “’c‘%hﬂ‘%&%’c Pl dPRrad poy atitherasigglof thalbkateinkti®da, tiretdban s filled with

202. "V' shaped down-sets 204
the encapsulant is at the corner of the package. The filled notch at the top corner acts as an

interlock for the heat sink, enhancing the holding strength between the heat sink and cured
encapsulant.

[52] Figure 10 shows a final semiconductor package 111.

[53] Another embodiment of the present invention includes an integrated heat sink
structure. Figure 11 is a cross-sectional view of the integrated heat sink structure. It consists of
ring structure 201. The heat sinks 203 are encompassed within the heat sink structure and are
connected to the ring structure 201 through half etched tie bars 202. “V” shaped down-sets 204

are created on the ring structure 201. At least one aspect of the innovativeness of the integrated



are created on the ring structure 201. At |east one
aspect of the innovativeness of the integrated 8 heat
sink is the ability of single feature to have nultiple
functions. The ring structure 201, apart from
carrying the heat sinks, also helps to prevention nold

fl.ash being a barrier to the nold conpound fl ow.
ek A P SR ERPES D88 A P TBEI® Gminap B Hognebis20], apr
" 204. The "V' shaped down-sets 204, support the ring
rogCAfYng s hspsinkeyalsp heins 6o mreyeriion s Beshib peing akbsirten to the mold
the frame  carrier 200. The "V' shaped down-sets 204
compoupd flpy , Kjing strugtuze 201 glsednchudes ¢V A stagedlavim-patd 204. The “V* shaped
conpound flow into a vertical force cushioning the
dovssts dnRePREFA RS InEsEPEws @0t | They20® 2csiromnnesting fipkgUp ehe frame
12). [54] Figure 12 shows the nol ding process wth
carpigi 208y AP d hdapedsdompsse B4 alpp arangliteilrag forpe asessted ith mold
essentially the sane as the previous enbodi nent. The
conppognd Bpyifntp p ypgicelderics ewshpomg thahgaysinigaganst iehtaggfilat 2@b (shown on
heat sinks is aligned and | oaded on top of the
fiewghdt rat e 208. The substrate and heat sink frame
carrier 200 may make use of a locating pin 207 on the
[5%hol d t odiigunyl3 Brows Hiei geidme prpasspoigeistegfltdddieat stnkisk263. The molding
nol d being encl osed, a vacuum may be used to force the
Progass i esseplidlygke fanlerns A@Gragaisresibotiimeent. GpheriehihifXOff ArhO&hrrier 200
See for exanple, figure 18. Ot her nmethods may be used
cary githisiaregratddeheatsinks i edligagkarfdi Ibadeb oh vweasT thd@biiedd 208 Me substrate
structure and top nold portion. As nold is closed,
andthiet sty fragieaqpettr d00vmag etase 2@4f priavaiitiepia 2008M tHRMAG tooling for
~effect and keep the heat sinks 203 engaged at al
alighinpmspuygiosds. Phier reheask Heingren206ed, Pucuig ridyeeMREHioBrce the mold
process as the nold conpound enters the nold cavity,
relepseeilfl 29 agding thehipp motderiidm Ses forughniple, Zdie 8)A0MBEMeNods may be
shaped down sets 204. The flow i nduced force on the
used t¢'insshtgpentoldovinass éfim b2Ovet tedieaSsink drufitiiengd ey m81d portion. As
(based on the orientation of the heat sink structure
mold hxosdeseil rthd-1"GUshe pdjow nkse B [20A Grdvive o du@lﬂorﬁh%é‘i‘fédﬂﬁ&j keéf Ihe heat sinks
and heat sinks 203 always engaged with the rel ease
203fengape@ @l (s withige sldasetilnt 2062 Qurdtlp 38 mBRINRréddess as the mold
inhibiting nold flash on the heat sinks 110, by
compbgel dtangtheasld efvity e fibwWrdt AdUSREink Ofre@Sre 201 2R the “v» shaped
Figure 13 shows a top view of 2x2 array of heat sinks
dowBB8s 264.gDieefldk indh@dSore b the “W@WARH dBwR%&s b4 @¥alf 4 lifting force
heat sinks 203. A common feature of these two array
(basad buithe WFiestatich o thid gt sidd feturd 810283 FROROM LiRg g
heat si nks 203. Anot her advantage of %aviggq?ﬁ%H?F%SEDSUUQUE

201 ahd htgt $Ihs 203 always engaged with the release film 206. The ring structure 201 also
helps in inhibiting mold flash on the heat sinks 110, by absorbing most of the flow induced forces.
[55] Figure 13 shows a top view of 2x2 array of heat sinks 203. Figure 14 shows a top
view of a 3x3 array of heat sinks 203. A common feature of these two array structures is a ring
structure 201, encompassing the heat sinks 203. Another advantage of having the ring structure

201 is having only a one time tooling cost on the down-set 204 creations. Irrespective of the array



201 is having only a one tine tooling cost on the
down-set 204 creations. lrrespective of the array 9
types of heat sinks 203, 2x2, 3x3 or any array Size,
each nold cavity size can have only a one tine
down-set tooling cost. This also helps in

st and 9,1 ool i ng and processes i nvol ved. [56]
‘ypeﬁ-o?ﬁ%aeémk%*@ SN S5 eV BRAF kS B Pk on i
ar a heat sinks. The ures al so show one
"‘”‘é’xsaet ‘OP et WG 1B aﬁa‘é&&émaﬁ ¢ ths jopling dBR3CeF g4y olved.
Béﬂeat SI 1? ﬁ%ig ure 15 shows a parti al glan Vi ew
f heat éﬂufﬁé P r fTeys- Sfﬁﬁ’“alc%ﬁWt%a apg 3y dyaray g ginks. The
f ricture 201 through the down-sets 204. The down-sets
lguéf‘daﬁ SOZpAY P1% PSP 8‘&&??%@1 tcﬁéceﬁb%ftzx7§li“i‘15<’s3 Ay gL ke
7vertlca% cushlonlng ef f ect durlng nmol di ng. The
[57Hown- sef 8uB0 shpwsa getiaplan W 9bhsappigk frém? ReTigr FPeconnected to the
carrier. 200. The heat sink carrier franme 200 includes
ringS{meHreR N thraugh jhedown ses 204atThs dewnses 204 apstap® sapperting the heat
align the heat sink strip and the substrate 208 (shown
SmklsrPfPY‘@fiﬁ ¥ergon) cushipningsiies) diring metdies SEie dpvgtieis 205 alad s as
shows an enbodi nent of a heat sink frame carrier that
conpegiqryi@dRe Hampe earagi00- dhe heagsink parkiersramey200 iid8les Fiignumest features
16 shows a flash free nol ded package wi th heat sink
2103lps as ipeskiadocalgrand alighibe et ginktship and ttenbiate 208198 warie figure 12)
nount ed on t he package and package singul ated al ong
duripg glektiee Preerge Biggretlfmtsaghowsre embedipansof20Rat BecHarsecarrier that
_ the nol ded package is cut through the tie bars 202
inclygdeq apbralgy o FM@téG@@H©$ the heat sink 203, a notch 214
filled with the encapsulant is at the corner of the
[38lpackageFighsel 6fshpwea flasht fode nadldedpackagp withrhagrsirkc08 eggosad) After
interlock for the heat sink, enhancing the holding
molding hgyschden balieeldf arehmotmaedt orgthe kackagk apd peckagngagsatbdaibng package
Lead frame based packages do not wundergo a sol der
edger2l 2 thyppginthe pie b 92. Rataner the meikdd backag: bastabropgickiage sars 202
after nolding will undergo a plating process prior to
and gptray thezdgorf. th&Sheagsiha 0 hn noshddh 6lled with thawndipadent 214k the corner of
Both the ball nobunt and singul ati on processes are
the pachapdafltic fHotwsdes theropcoroert danse anfnisiock Foritiie Heagsimd, tnhancing the
in the industry. [59] Figure 17 shows a conplete
holdgrspssemrigtl Hetiviaen talhkat sekhad cedd sreapadintd UCda0 frapR Bsadackages do not
wi th enbedded heat sink 203. Wth the substrate 100
unddygd agpldar bak sicuat ocess. NRathe Aleadstratke RA&1 gHcR@ek Yfter molding will
enhances the perfornmance of the package by renoving
unddrpea hladihg preass ptiecto kingifatihie SikduPatib s @AE with saw blade 211. Both the

ball mount and singulation processes are standard processes know to those of skill in the art in the
industry.

[59] Figure 17 shows a complete assembled thermally enhanced semiconductor package
with embedded heat sink 203. With the substrate 100 being an insulator, the heat sink 203 greatly

enhances the performance of the package by removing the heat generated from the chip 101 and

10



10 keeping the junction tenperatures |ow. The
i ntegrated heat sink design and the proposed nethod
enabl e a cost effective way of mass producing
thermal |y enhanced sem conductor package. [60] O her
packages to which the integrated heat sink can be
applied to enhance the thernmal performance include
kee@nmtl};dwcmem@g@wpwqﬁm packagelsat bink dedignrming @feeproposed method
based packages, are nol ded on one side. Figures 20
enablg g cost elfedtignah olvnass pexcupleehasfall henhassanbhltondieRE PRikage.
of a QFN package with an integrated heat sink. [61]
[60\bst of Otlige PEIEREYs sawhich aresterbGdskansinki dan be applRd Zlenhance the
have high tenperature tape 211 at the bottom of the
thergyat pasfoprpange éngdude QA anigV1 M parpagend QFNagibka g, 1i€¢ laminate based
nmol di ng, the high tenperature tape is de-taped, the
packagrd e retldddpm aaeeidpl Higetks 20 hed 2 5 Baled sh&0 af OXantpleddt the assembly
thermal performance an integrated heat sink is
conghpbofire@F N padkage wish en jprdgoned lean@hidi ng. Fi gure 19 shows
a QN frane 210, being | oaded on to the bottom nold
[61chase sMobtadfeh<2QRN Ickhdramek d 16 hiase is dghaca havcdifigh R@sbeRiture tape
relief slot for the high tenperature tape 211 of the
211 laedd bbucamef (8d Qrip Thprel @@ f makR:ompoud OGAh € A fiShNLin:"Ge high
| ocating pin 213. The sane |locating pin 213 is al so °
temprg @orettapeliodeataped, (e headd siipikare fidiel e BWAE NG, foqll'gﬁrthermal
known al i gnnent nethods nmay al so be used. [62] It

perfsinomtdartietegnmpdasizant it Bappddig 1RhaYR pHEs O hAE,. Figure 19 shows a
enbodi nents of the present invention are ner%ly

QFMpframe bl be@rqati@Borb thd WS ABALRhRARSurt B YTHEL 1&1%‘1155'3 surface
for a clear understanding of the principles of "the

212, Hay & RdlieOdlot IBRY hisAhdrAbd Qe t?&@lmg{hfei]&ﬂzf.fsayﬁlngl Hf‘%héetl?ad frame is

made to the above-descri bed enbodi nment

locatel ueing treMocatih e 2 1 8l eRAIhD theatRShiAR 4 Rl £ '
spirit and prT %ci pl es gf thg i vent ?%%.aﬁ%lu%gdggqé%at% the heat sink

dumﬁ@ﬂb]ﬁin@aﬁt&@h@\ﬁqalyﬁﬂeﬁltrin&H§dsarf1% %;H%qﬂ&? to be

i ncl uded herein within the scop I's 'di scl osure

[621and t hey oA ek gAY EIMAI QR t@%g%—gﬁﬁﬁﬁ%]degqyeﬂ%‘eﬁgﬁf {he. present

following claims.” 11 LLOYD W \ (
inveﬂmon&rbﬁ&*ely%o@&bléfeééiﬁﬁlw & ikoBlentdfifaribil, ReR R RRAYS Oicar

package conprisin
understanding of the principles of the invention. Many variations and modifications may be made
to the above-described embodiment(s) of the invention without departing substantially from the
spirit and principles of the invention. All such modifications and variations are intended to be

included herein within the scope of this disclosure and the present invention and protected by the

following claims.
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a ring structure; and 5 a heat sink connected along a

sane plane to said ring structure; wherein said ring
structure has V-shaped down sets extending fromthe

plane. 2. The heat sink structure of claim1 wherej®yp sk
the heat sink structure conprises a plurality of heat
sinks. 10 3. The heat sink structure of claim2

V\Qﬁ; j rality of heat sinks are arranged in
a PS&D' geat sink structure of claim3
further conprising a plurality of heat 15 sink
arrays. 5. The heat sink structure of claim11 wherein

t he heat si i_s.connected to the ring structure b L
et ched‘?'ti e E‘Iz}res?fs'ﬁgs 9C§L|Iﬁg°%%3§t'n§iW'%‘%\d§8tt°DP%° 8P &mprising:
claim 1 fur C rising alignment elenents. 7. The
heat s%ﬁ'&gssirpﬁéfeu%ggof claim6, wherein the alignnent

el erreng%egtrsan p&An%%ted%?on]gza same plane to said ring structure;

wherein said ring structure has V-shaped down sets extending from the plane.

2. The heat sink structure of claim 1 wherein the heat sink structure

comprises a plurality of heat sinks.

3. The heat sink structure of claim 2 wherein the plurality of heat sinks are

arranged in an array.

4. The heat sink structure of claim 3 further comprising a plurality of heat
sink arrays.
5. The heat sink structure of claim 1 wherein the heat sink is connected to

the ring structure by etched tie bars.

6. The heat sink structure of claim 1 further comprising alignment
elements.
7. The heat sink structure of claim 6, wherein the alignment elements are

holes.
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