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- THERVALLY ENHANCED SEM CONDUCTOR PACKAGE AND METHOD
PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON
Field of the Invention [01] The present invention
reI rmal |y enhanced package for a
ﬁﬂmmmm "m ""] hip and a nmethod of form ng the sane.
It i ncl uggses but is not Iimted to, a package with an

integrated heat sink for ball grid arrays (PBGAs and
FBGAs), multi chip nodules (MCMs) and quad fl at

nonl eadedpaRKRLEY M&ﬁbﬁpﬁgﬂaﬁ@dcﬁ{z}?l B8k A}}ﬁgﬁﬁhat ed

Art [02] The quest to increase chip
speeds is a Canm MAYFOR MFPRSD f& bbél/‘%@éery chip

designer in the Sem conductor Tn neincrease
in signal speeds in the chips poses_con3|d¢rable
chal | enges for thermal managenent. Hi gher signa

speeds and hi ghﬁ&Cl{dﬁé;Q@;@gl’f%inﬁiﬁa Ei gher

junction tenper

low, various thermal solutions are
Field Sﬁiﬂl‘é"’]@feﬁlgﬁo Plastic Ball grid array (PBGA)

' |Ly. Theref
oG T her fe%g%?ﬁ?e%ﬁgﬁ RS Qs hotticed ek smiconductr
chlp %HP E gxg@g& gl’]forrﬁ% %‘ecs%gls u :,I]taxhcl:lgﬂeé tgxgv\etsl pgv gémjtf)(gé)? @e{cﬂaglgev%h an

e- up S ace

mteg?%ﬁcgﬁé'agéeléﬁ %)é Sérlh a@&gmﬂs ﬂ%‘ﬂf@&l VngH]&\%gipg{%odules (MCMs) and

B e N T

pescr °§§w9§e‘f‘a§e%?~r§§2362n3“Z'Peaﬁof ded ' panel form and

10213 2y e T At ST fynclpraly Spbip e aings ongolng effor
raye

by e\QFﬂ%uﬁ Qes[k‘ﬁgxlm ?hené( Tnicon (cjiuctor 1n3ust Ot Tﬁg Slgr%g;ecngl lmgha?l speeds in the chips

poses considerable challenges for thermal management. Higher signal speeds and higher

functionality leads to higher 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 encapsulatidn. 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 (FBGA:s),

are arrayed 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
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- waste substrate real estate to have individual drop-in
heat sinks for FBGA. Therefore, sone 1 approaches to
deal with thermal nanagenent include the use of
arrayed heat sinks with connecting down sets.
However, these types of heat sinks have quality issues
such as nold flash during the nolding process. These
appgpghes £/dqat Wit theprag] dnanagdsesphinglede the upecofarrdyesdenisinks adth
thermal performance problens. [05] O her known
conpgsting dew ety fEYqyen frepnigpesedheas sinkshivagoalivniskeeg eerhab swld flash
have several disadvantages. For exanple, they include
durigg thej polding prrsesss These gyalithisstesilerd te besh agsthotic end asrwellj ayghermal
and costs. In addition, the heat sinks can be
perfefmanice gipdl$msAl so, heat sinks can be easily peel ed-of f.
{06] One of the current nethods of producing a
(05} her mal Ophes khetnt mdthedsmf danochecdtiog hepamkame paskdggs also have several
attaching the heat sink 1 onto top surface of the
disadvantagesyolfat esarsgevi thayridcledeomultipla pkavges skeps whiah snopfaseagroduction time
adhesive |l ayer 3 as shown in figure 1. However, this
andiresthold agdigon, diessheatsinkis wem b insshkbgried adise sheaesino \cam bgeasily peeled-off.
when the heat sink is attached, which mght lead to
[O6kasy r ©&mpehihe ofirrdnh metheds ofyirodocin@ahkdrmakhserhanced semiconductor
encountered with this nethod include controlling the
packago isrty avtctaniibs hee sidk neadadp tufaat bHas fillyendi@a@tsemicokduttor
to the nolded surface 2. Excessive adhesive 3 can
package by nishiesed an atihesinklaybr Lihstshowh & figueO Nt aMdWSEE $hid MEthod provides
package edges or the contact pads. Insufficient
an incbhsisttnadbBive cageageavhea likthe@isiilels h@dcB€d, ARS nhibiRtlead to easy
adversely affect thermal performance. Finally,
remavdl afthe hept biaR! Ostienlssuks @hdofitefeld MGl tAik in@hold Sndl@fe controlling the
economcally viable considering the nass scale
amopniodfadhdson 3rmeededne areaah shedfeattsivek @ ckeagielded Siffhcd A EExcessive
obj ect of the present invention is to provide a nethod
adhesfve3ark agisableadoutcwhiell dieichabedypdonSintiat&and pRREUEGHES or the contact
package whereby the sem conduct or package has good -
padd. Hesuffdiertt haliesivt €vesdge ¢on ARSIl lal}e gassaRiTRbagsely Affecthermal
si npl e manuf acturing process.
performance. Finally, attaching heat sink 1 after singulation is not economically viable

considering the mass scale production requirements of the package.

[07] One 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 invenfion 18 to provide a heat sink structure that
created a lifting force that keeps the heat sink structure engaged with the release film during

molding.
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. [08] Anot her object of the present invention is to
provide a heat sink structure that provides a
vertical cushioning effect during nolding. [09]
Anot her 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
[10])r el easeAhothen dbiect sfghe prodedl igentidn fisltO prodidata et sidkj serattutefthat
the present invention is to provide a heat sink
inhiBits ti6lt ragh driwdé heat Bihkdi t s nol d fl ash on the heat sinks.
[11] Another object of the present invention is to
[11]pr ovi de Aaothacibgeofithapresentinuéition & to pedvide aQfackage that includes a
encapsul ant around the corner of the package to act as
notcRrdf kfdapdull BE krofi the B&ndredthejabikage tcedth aNd in@ribdkefodt Bédd gink,
strength between the heat sink and cured encapsul ant.
enhdnkiy tFROKBRAI04 stieRgthibB@YRtHe\HORB Tk Af clildld Sndapskage i s
that it can be applied to any arrayed, |ead frane

[12)pased 0Boh@bi th@inBoRASEks PSXaKS PEskaydlis GHthr Alcn B@ipgﬁéh 8Mny arrayed,
one side of the substrate. The heat sink can be any

1eadtfrh%erakédyor¢m%tebas\é@ neh &5 ivitich( rOmoREABR bis SI@@&ws\lbstraw The
SUWARY OF THE INVEN% [13] This invention includes

heat®ifk&ah bs hAYchartdal$ EéHd%ctvarméié'ﬁal (1Br &aRHpIE CpayCt or
package that includes a ring structure with down sets

and a heat sink GVIREARY OPTHREINVENTROKUCt Ure. The
down sets can be STanted or V-shaped. [ I4] The heat

(1381 nk st ‘T‘ngtid%ﬁldm){clh&g L ll’lgzﬁ sﬁ‘ikmrh'{t@tle 'f(gryus(?tn hedticoabits é)ackage

i ncluding the plurality sinks being arrange

[
o g ey e iS4 0 k.
dowﬁ%&US&Hk%kEﬁMchﬂphﬁp g, etched tie bars that connect t he

sI nk ng structure and alignnment hol es

[14]f or al i gpi Rg Gifleshefte r?ihyniﬁcﬁ'l@ga ﬁfﬂlpa?ltt}'; SRt sinks, including the plurality
of heat sinks being arranged in an array. Also, the heat sink structure may include a plurality of
heat sink arrays.

(15] The heat sink structure may include etched tie bars that connect the heat sink to the
ring structure and alignment holes for aligning the heat sink and substrate.

[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, semiconductof 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.



[16] The invention also includes a nethod of
manuf acturing a sem conductor package that includes
inserting a substrate with an attached sem conduct or
chip in a first nold portion, placing a heat sink
structure on top of a portion of the substrate,
placing a mold release filmonto a second nold

[L7]poOr t i ONTheGh@hR Mgy AsSRAEIABES Y Ly Rk kPR @MOMS8IdRAEsE Glin onto
of the heat sink structure, |nject|ng an encapsul ant

the settin@ ndbldpdrélogavi ty, wherein the encapsul ant surrounds
portions of the substrate, sem conductor chip and

[181heat siTHe BéthotChby Aso HIGEOHrabiBg CIIER B B Me subRIEHY aligning
the heat sink structure adheres to the encapsul ant,

the suByiM With tfAEhcRANEARSHRIR Ship SRERNE ¥ink Etﬁm&@ﬁ‘n thOfid: APM portion
singul ati ng the encapsul ated assenbly to forma

throSRTheRRSeghiaE piRgckage. 3 [17] The nethod may al so
include using a vacuumto force the nold release film

[191onto  the ReredayRiFinbasd én?é?]lau[n%%']e ehpﬁjsﬁgtfeggbst through a down

al so include attachi ng sol der s to't ate
set ofBEhltle®3k N9 the substrate with attached
sem conductor chip and heat sink structure in the

[20]]c I TSt nWhQn Bg Hg'tlﬁ’)ﬁ is t‘isgcli ﬁllé%t}wfa Q%e cr%]; e%lftftg fehzg%vhen the

[19] The net 'so inc ngu at’ n

encagﬂﬁ:ﬁpﬁg\b?& %lélﬁﬁ(? @ﬁ%a%ﬁgg\%? groﬁécfez "Xﬂﬁmé %%ec? %.ncd nﬁaf keep the heat
sink BB ﬁl%th%atg rtkI s(rtx%t[h% ?{f%g w"m%ﬁd o?d re?era]lge B uw 1pe sal engarﬂs?]lant is being

ecte cus

By keep the heat S|nk on the heat si nk
1me&&hﬁgtﬁ€g%en a gd with said nold release filmwhile

2032y R f'ﬂ‘f‘iﬂéay' B Ty S Fl t%aﬁg%atr?ia@%rﬁhébamm
porug{l'I gﬂt : ?JHB&%AEW&% ttﬂﬁﬁlgﬁ [Errﬁ) E?Jrg 9&% whPht | %naerg{,i\hsfltsfh? ]inl_tthe first mold

ate ereln ture
ponbﬁto arelief slot in. the flrst nol d portion.

[22] The invention also includes a semiconductor 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 setniconductor 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 fo_r 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.



[22] The invention also includes a sem conduct-or
package that includes a sem conductor chip attached
to a substrate, an encapsul ant covering portions of
t he sem conductor chip and substrate and conprising a
top surface, and a heat sink in direct contact with
the entire top surface of the encapsul ant. The heat
[25]si nk bebhsrmaskage mey edlude atstitsstrhe phas i [admafstridtére or a metal lead-
encapsul ant as the encapsul ant cures and a notch at a
frame stpuctuse.nbradditios ghe samichndb@s: fpakdgageyibs a bhil kfi@ekrayl fabkage, a quad
the encapsul ant. [23] The notch nay be defined by a
flat nonlgadedfpatiage heiat nsilth khipnthdalepaviagset or by a side of
the heat sink and a tie bar and acts as an interl ock
for the heat BRINF,DESORIEFION OFerMB/IRAWINGSENgt h
bet ween the heat sink and cured encapsulant. [24] The
[26] pac kageMamyyaspdcsofithitGh w6 oS @dntdRbelid undersObNR Gl fRfert Re tdBe
substrate and the sem conductor chip being wire

follolvimpaiesivings. t1e cSMb&ﬁeh@tlﬁthe‘Jirz{vgg’%s alORot RRGKAGE R Yale, empha51s
i ncl ude a substrate that is a lam nate structure or

instettbenlg pleRd updd AORIyShdsMalitY Be plllﬁhﬁgsdéftthé)[gesehhﬁventlon Moreover, in
sem conduct or package may be a bal

the dpPAGKR ke rafefBaddnurhdralt déy lal%%@ﬁ %

chi p nodul e packager BRIP%F DES IPT (S](gﬁr?'@ %F&%\%ek&l views.
[27) [ 26] MER(ré$ RRSHsesof coh (htibRM SRk

understood with r%f ecroencél to th gﬂ%{gﬁﬁugﬁ &gg{e%auﬁlenhanced
semiddi@uE SR gnﬁgts in the drawi ngs are not necessarily to

scal e, enphasis instead being placed upon clearly

[281 111 ust 'F?éu'rcnﬂ1lﬁ1§‘t€at&@n%kr@oﬁ§enﬁ£&z}l Iﬁ%tk?)d%?ﬁce élrrll y/§ htgﬁlngarllly

Mor eover, in dr awm ngs, e refere N
enha&@@ggﬂ@gﬁu&g{% nd| ng parts throughout the several
Vi ews fe 1 illustrates a conventi onal

[29] met hod F%f ures r3aﬂlll‘lﬁétfh% 4 B&Pé@%{ @Il A&?fto ﬁ%%@%%gt inyen 1on of producing a

sem conduct or package
thernANP AN LABMRBAARRAbadiBENOD Of producing a ther mal ly

[30] Figure 10 illustrates an embodiment of a thermally enhanced semiconductor
package.
[31] o 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 §hows 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.



enhanced sem conductor package. [29] Figures 3:9 _
illustrate a nethod according to the present invention
of producing a thermally enhanced sem conduct or
package. [30] Figure 10 illustrates an enbodi nent of a
thernal [y enhanced sem conductor package. [31]
Figures 11-12 illustrate another nethod according to

: . duci h I .

7 hanced ity I?Xaﬁ%‘aW%g%%%é’%o%%f[v@%ys%f&gﬁ%@?a%awwnks
v d 3x3 0 eat . _

8ok, b ALl 22 8Pl BerS et B & Dol i og invegrarea

Si nks. .
heal§@L Sink frame carrier. [34] Figure 16 shows a flash

free nol ded package with a heat sink 203. [35] Figure

17 shows apgeupl bR ARRATHNG LUSRATIVES
[36] Fi gure gl ahiG [MENTOE THE INVENZIQN 1 | m
portion

' ' | d by a
39 acuum SR UG SRR vl 7)o s g7y o nempay

' : - ti | views of 2x .
e e R o B P T e P ey abosimesi e incenced

nb] v.concept of a. OFN package with an

to afhly glztﬁegi"édﬁymtﬁ‘g% 3 Ft“ﬁ pveioPa e priduiRadet Remiskherioppe of the
: USTRATI V LI M TI NG ENBODI MENTS OF THE _
””e:“ W mar«?&jﬂ ui the Arasrings forexplainingrthe pxpmphary embediments, those

be described i.n detail by way of exenplary _ _
Comgﬁ%e&fi 'RE Leqfiah ginéff%’ﬁ shitpthe Sane e fetensampgerals forewhich duplicate

de crib§q)exe ary enbodi ments are intended to
CXP%§§?§TW1¥1ﬁ9ﬂ¥t derstandi ng of the invention, and are

intended to limt the scope of the
not int E non- 1rmt(1)ng embodiment of a mgthod for thermally enhancing a semiconductor

[40]
package is described below. First, as shown in figure 3, a chip 101 is attached to a substrate 102.
Substrate 102, can be a laminate structure or metal lead-frame. Item 100 represents the substrate
and attached chip assembly. Several methods may be used to attach the chip to the substrate. For
exémple, epoxy dispense/print and chip attach or a pre-taped chip can be directly attached to the
substrate. In addition, the chip 101 may be wire bonded to the substrate. However, the present
inventi(;n 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 105c 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



invention in any way. Throughout the draw ngs for
expl ai ni ng the exenpl ary enbodi nents, those
conmponent s having identical functions carry the sane
reference nunerals for which duplicate explanations
will be omtted. [40] A non-limting enbodi nent of a
nmet hod for thermally enhanci ng a sem conduct or
and gubsiealg d07. sheghestsinpenced mey alfd ¢ostain aligngisovpldsphrbigiuwiech the
3, achip 101 is attached to a substrate 102.
samess Of Brifering 204 ag mspreeda Qtearkneaw e alignmgot metbodsrconigtagsio be used.
| ead-frame. Item 100 represents the substrate and
[43]at t acheds efivin iadigerelfi, {op NS¢ pemibn BT wwid®ttneymdlé parsied 10Dare then
attach the chip to the substrate. For exanple, epoxy
cloself Wistanistbe pricaprulatina prokesy Zop mokl portien 197 es ¢lappall aiiept sirkrstructure
be directly attached to the substrate. In addition,
rail ¢y chip 101 may be wire bonded to the substrate.
However, the present inventionis not limted to wire
[44]bonded &hnqid reldase filmx H0fpdae be intservmiiedvezp pheytop mold paption 107 and the
chips, and the |l|ike. [41] Next, as shown in figure 4,
heatsinyg0bat EBheanald adleae Akl pokcs thsssefatd of tHORkat sink 065d@dd prevents
onto a bottom nold portion 103. The substrate 102 nay '
contgmima@emfrarh itlgremeatsulatdremattial O Bgimpitd efingd irdd@ise RindSard B#FE films
are inserted. Other known alignnent nethods could al so
whidherap sétlstajdd@dlding térmppustered, Ifherdld sldake Slnf id@bdd, Bneli@&hod of using it
whi ch includes heat sink 105a, rail/frame «carrier
in the @5l A nclusd awaeset tolfofe theSndld tede B1in 1@PupPLgainb@he top mold portion
substrate 102. Heat sink structure 105 can be in a
107 sid dopfdr@rthe fildemtthsihagsofanecdVRy ain ekt Uf @8 nfohPRRL& M being
absorbing heat fromthe chip and dissipating heat to
forcd Mt tBOEP Miold FEHiBMBYA CacRlMAEEhoniif NPERL 8 D BN BRthods may be
hdelg)t@gi nk s‘tasrpuct u?e 105y16 and substrategﬁng, t he heat Y
usedso irsers theunndldi redeas@fiinaba Wedhad Rdansiak btgREEROAndEp BBI1d portion.
t hrough which the sane set of guide pins 104 are
[45]1 nser t ebhridgttheénckpsataion biogdtsRintenbENOHT 18.0UtastH BANRYet epoxy,
used. [43] As shown in figure 6, top nold portion 107 -
is injacred 0d the MdIDIodiIPBE bpedpdR3 am i€ chlRE@ NThEbRBRLb R At i structure
t he encapsul ati on process. Top nold portion 107 is

105 Bdcampesinerd heat (¢ lkfastdt e dpE &bsulant as the encapsulant cures.

[46] Molding with a release film is well known to those of skill in the art; therefore, a
detailed explanation is not provided. The only surface the release film that is in contact with the
heat sink structure 105 is the portion above the top surface of the heat sink 1052 and the other
portion above the rail portion 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.



rail 105b. [44] A nold release film 106 can be
inserted between the top nold portion 107 and the
heat sink 105a. The nold release filmprotects the
surface of the heat sink 105a and prevents

contam nation fromthe encapsul ation materi al .

Ex I f | TFE films., whic
[47]caﬁ”5m ?ﬁﬁg}?d”g ﬂ“égwggissgié%#gﬁﬁwo i§ openfh g %reée&éeeﬁlm is
e d. of n in the nmold it
am"ff’%ma%%g%“??a%uﬂiﬁ“ cfne @?@@'%HH%PU%F fqréF’éé%‘édW FYAe106 up

agai ns he to nol d_port on 107 and conform.the fi
L%eﬂ lafi Nﬁm%%%‘f'lgl %)Profeﬁfgd%pdn m Ileu ofa

[48] t o the hsﬁ’ékﬁ Wl P
film being forcedu alnst the top nold ,
moldpf‘a‘F%SF BY5a>Faltigramele. JHedt i Rufngapsplatin pyggess, the protective

- methods may be used to insert the nmold rel ease film

film i§&¢HRYSA t he heat sink structure and top nold portion.
[45] During the encapsul ati on process, an encapsul ant

(491113, sU&A topsng PPHEP mpldpartienseisthen separaier @pd thd eneepenlaterpackage
mold to fill the open spaces and is cured. The bottom

110 ippjeedfromithimaldr didterthe moldisg proeessrtbe sdpramderse @ balhmonmsprocess,
surface of the encapsul ant as the encapsul ant cures.

wherf srcgqler opllschre, gttqmqqqoratm e¢ldes pads Gf|thn gubstyatd. | Soldeoballst1@8 are attached
those of skill in the art; therefore, a detailed

to theampldethsibstonie 1@2 yotonpendienal e@.thOﬁheSmﬂaprfs& r Treecpeesetgnvention is also
release filmthat is in contact with the heat sink

applieabtafotpackagds0Batide nphwse paderi bahs, awdves I¢ad dramepasdiphclmgesdfke quad
the heat sink 105a and the other portion above the

flat npmlepdqiqratkagn (QBBY. t hat is cl anped by the top nold
portion 107. The nold release filmprevents nold

[50] conpouthdad frashbaedipackagesnsually updeegenplatirgprocess after molding and
contam nation of the top surface. The nold conpound

priorissiigulationt act with all the surfaces except the top
surface of the heat sink 105a and the portion above

[51] t he r aiThe potded packiHS bl Qtikéten icst tokiaape shwiyg. t Fve ek ayplernlsthgulation
portion 107. As conpound cures it adheres to the

bladeclOf tarchd wsgd sudifeatbe desiréd préd| Sof figaire 9.hBecawdedhengoldedprekage 110 is
is finished, the nold is opened and the release film

cut thraugh ghet dowait set #)3cyndl edtat e @dgeldfahe keaf sisls h05k] 4 motetsl 14 filled with
propagated for next nol ding cycle.

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



[48] Heat sink structure 105 can al so be | am nated

wWth a protected film112, in lieu of a nold rel ease

film106. See, for exanple, figure 7. After the

encapsul ati on process, the protective filmis

renoved. [49] The top and bottom nold portions are

then separated and the encapsul ated package 110 is
heatgjinkait 8¢ abilioyroft siglevishidre tdhaermylhiple fiwicdomsg The dog stsycturdiz01, apart

strips undergo a ball nount process, where solder
fronpedriysngathe het siakhieldo beips togprewhtitermed dieshofy tielre a barrier to the mold

substrate. Solder balls 108 are attached to the
compolrdigitbvs Uit sataeurd Q21 Hyo moludesrit™M chaled dethods 20456ke “V” shaped

figure 8. The present invention is also applicable to
dowpaseks 20¢.supprat thel onggitucuse2Glo| They alsahdt as cameding $inket@dhe frame

frame based packages |li ke quad flat non | eaded
carrfea b gehe(“@PNRJped [db®h-stte A0H 4lscetnanshrsieat fore ksgeiated Swithl rhold

undergo a plating process after nolding and prior to
compbingiUilcat ina vdrida) fokbeecusibsiaglthededtapR agdifstirdedsd €ilin 208 (shown on

to size by sawi ng. For exanple, a singulation blade
figudd@)can be used to dice the desired area. See figure

9. Because the nol ded package 110 is cut through the
[54)down- seFighfR5I0 saowls theimotding proc sl 9ah dftedrited he@tiniss 208. The molding

105a, a notch 114 filled wth the encapsulant is at
prodekifis 6QEMBAly @fe shite apde kagus dBodiinkht€ Thd Ada€ BinRtramb €artief200

corner acts as an interlock for the heat sink,

carr@in P @RGhiagraied Be 1 @Indt RGUiSAIRAGIAILEINNBE Bf thE QuHRRAL 208. MRhe substrate
and cured encapsulant. [52] Figure 10 shows a fina

and HETsaR Pk carrieP2KAGLmAIse bPBloc ARG PEI0 78RR mBRIboIRf for

the present invention includes an integrated heat sink

alighhéd phipbes. PHEUL Shelrlold Beiflg 6AQSSd, S8ALIRD Rhy ¥é 8Wd A fdrdt@he mold
i ntegrated heat sink structure. It conS|s¥s of ring

relessk IFile 206 Bgadihl the ThEmbBIAPortnNK&e 0 Sxanipte, ERGR MBASRIRE methods may be
within the heat sink structure and are "connected to

used B€nseit Mgk BOIE WAEAE Eird Bdewkbl @b Béht Biak bir@bbatl dop endRBpcition. As
202. "V' shaped down-sets 204 are created on the ring

mol ts'cissbdl e ‘RBIshadld doR@Sts Q0£pR%HRIE  Ludionid} ffect and keep the heat sinks
i nnovati veness of the integrated
203 engaged at all times with the release film 206. During the molding process as the mold
compound enters the mold cavity, the flow first hits the ring structure 201 and the “V”’ shaped
down sets 204. The flow induced force on the “V” shaped down-sets 204 creates a lifting force
(based on the orientation of the heat sink structure shown in Figure 12), keeping the ring structure
201 and heat sinks 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



8 heat sink is the ability of single feature to have

multiple functions. The ring structure 201, apart

fromcarrying the heat sinks, also helps to prevention

nold flash by being a barrier to the nold conpound

flow Ring structure 201 also includes "V' shaped

down-sets 204. The "V' shaped down-sets 204, support _

- types hiehaat #eks@0B LU RELY amdyesjzeatash mpdd cayyy signeaacayaignly a one time
links to the frame carrier 200. The "V' shaped

dowgaeiriodmgsost0Fhiglatse helpa isitandardiningghé ipplieg ansdqpedesseapvolved.
with nold conmpound flowinto a vertical force

[S6lcushi onFigeres h@ardelt shgivgkosargesiingal vieasls @8 3x2 4nid| 33 206y heat sinks. The
(shown on figure 12). [54] Figure 12 shows the

figurep o sitpvporeeasmpipiof theimmldigg etrecptioé %2 midrix§ ag@Bheal$iaks.
nmol ding process is essentially the sane as the

[57]pr evi ouEigeneti§ dhomest partiii @laneaw &fi hekt sinkafinenacrndr @00,20nected to the
carrying the integrated heat sinks is aligned and

ring|sadiad 20 hthroghdlie dawa-ssi208 r Abed@aBsetsT2, spabpdtomasupportingl the heat
heat sink franme carrier 200 may nmake use of a |locating

sinkpipnov2@7a entidahexshiohug effedt idngngd mpldirgl The dewnt-sqgu@Eodsesact as
Prior to the nold being enclosed, a vacuum may be used

condeotofsap cie ftange qunier 200.eTleawet dinkl qardd Grasg 200 sicludbealigoment features
nmol d portion. See for exanple, figure 18. O her

210 ot fre dsedirayoche andislégh thohdansiek strip lasd thelsabstrete 268 &hdwh in figure 12)
bet ween the heat sink structure and top nold portion.

duriAg moltidgtproces< | Figeel 15 tils@ shows as lempedimannet adeitsinRArhme carrier that
provi de a cushioning effect and keep the heat sinks

inchZi28 a prugAgeof ekt sk arfayites Wi th the rel ease film 206.
During the nol ding process as the nold conpound

[58]ent er s Filg@rem6lsBowesy/ flisy frek Redldeld @aekape Sith Redt Sink 263 Eipdged. After
structure 201 and the "V' shaped down sets 204. The

moldih@whd sothise ballsf108 @ msuntddern'thV' paahageadd gaskagesstigalatddhlong package
creates a lifting force (based on the orientation of

edgd 1@ th@agh Si ik bak ROZ.t Béaushiimoldsd Ficghdeds dut hrokg@apé tigbars 202
the ring structure 201 and heat sinks 203 al ways

and BRGAGR@dYY dfiihd At sitk BOBS & nbich D14L6ed Wiktethe em@psilldnt Btatithe corner of
201 also helps in inhibiting nold flash on the heat

the Seckdes. TAOfilldynoadhs® (e togcdidstacobis hhitehloewvor dmeadink, enhancing the
forces. [55] Figure 13 shows a top view of 2x2 array

hold(i}fg éﬂ@ﬂéth Sétkén 1RO Beat kingl Wh®cukdd éﬁ@p’kﬁlaﬂt. {IQRd frame based packages do not
undergo a solder ball mount process. Rather, lead frame based packages after moldi-ng will
undergo a plating process prior to singulation. Singulation is done 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
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view of a 3x3 array of heat sinks 203. A common
feature of these two array structures is a ring
structure 201, enconpassing the heat sinks 203.
Anot her advantage of having the ring structure 201 is
having only a one tinme tooling cost on the down-set
204 creations. lrrespective of the array 9 types of
keepigpthe Rintrks t20Peratidie? Jowd X BheOhtegiaed ik fitajhkSdegign atbhé propbsdd method
cavity size can have only a one tine down-set tooling
enabldstost difdcveak S0oiRdspProdicing thethadliierhdided fehi¢onahdtticpadituge.
processes involved. [56] Figures 18 and 19 show
[60]Cr 0SS- SOkl gHaRdgey toeME ctDThe ZiteoraBdlhedX SinREAAE PP t5lefilace the
The figures also show one exanple of the nolding
therB IR EPImBte AYRAIAQENING mquch?ad. @M ksckage Mlkefh@iAbR based
15 shows a partial plan view of heat sink frane

pack@@ds! ar€ nofded on GAO LS t BEurkO20 AR 2 1'deltBv SHobwintesthiBpid @t the assembly
t hrough the down-sets 204. The down-sets 204, apart

conceptAINaINPRIckh e Tvit G iR BtatedHetisink. Provi de a verti cal
cgshioningief§;ct dJri%% nmol di ng. The down-sets 204

(611l SO ack1o@%f eI h@iameo2 I\ olvh AMBa el hiVe BB empdiSture tape
heat sink carrier frame 200 includes alignnent

211 bQRd i@ of2A0stfiP &S préveBt 38R0l CorPial §1a8D dA@éringﬁ‘di?QQhe high

heat sink strip and the Substrate 208 (shown in figure

AR St

tem% @tnb‘gﬁ%ﬁ&ot?w S oS r“afF rf%lgg‘gi??"?@?@%ﬂsﬁ ;Stosﬂa?%? Honal
I i FAyS. . Fi &;500'8

- perf%’ff%%’%%ﬁ '*f“?%%%m“fgﬁé‘%‘k%%%ﬁ%%@ "\?mﬁ’t%rﬁ“‘ﬂczg‘i“"sf{’ %E"i‘g‘b% B8 shows a

QFl\e?fo?éf , géﬁ&fl% ﬁ)édedrgﬁl tg itt{é%ottéllﬁ%n(ﬁg glgagg S léll:,l ?}ﬁl glﬁlegfcgdn ahase surface

nount e package and pac sin

e BREL A SR A A B8 2 B R 503 e
oo fAEECHNEN 05 8L R 1 2380 80010 Bk o
s fEERE, OHRE L LSRRGl dRseer acts oo

anci ng the holding

[62] stren gtI'Psl’E)% d%%&p%gﬁﬁelaq% tkgcioa%iév q@e%cr?bg?rg%gng%gi?nae ‘%élé ?{e]:tp'resent

Lead frane base ckages no an go a so
. al | n [ OCESS. ther.. lead.frane bpase ckages
el spd Ry R AEE RRami B e SRue T PR R BT

undeséslé H{g%)té I[h%nprincsllp[ég l& %‘é L Rndich. zrlln%f vve\lﬁﬂgtri]on% M4 rkr)llogl?i%atlzo}lg' 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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bal | nount and singul ati on processes are standard
processes know to those of skill in the art in the
i ndustry. [59] Figure 17 shows a conpl ete assenbl ed
thermal |y enhanced sem conductor package wth
enbedded heat sink 203. Wth the substrate 100 bei ng
WHR b the heat sink 203 greatly enhances the
——1;;4£§i#gﬁ§;1#Lthe package by renovi ng the heat
ge Eeragﬁg frog1the ip and 1 keeg ng the ..
icti on TRNPE FRrR ST “8?/\}“ ﬁsﬁ@lﬁoﬁ Y RESAEHORPISIORK
desi.gn and t roposed nmethod enable a cost
ef?% ?U@“W%V“%E‘W£§§sﬁ? duci ng thermal |y enhanced
conduct or gﬁcka e. [60] O her packages to which
th% sahtilgrapedehieae! WﬁR"E@Hebe applied to enhance the
thermal performance include QFN and MCM packages. QFN
packages, |ike |am nate based packages, are nol ded on
one side. Figures 20 and 21 bel ow show an exanpl e of
the assERbEy Slﬂééﬁ%b&e obflayn bypleisiiciidgloWRisets aggrlanted.
|ntegrated heat sink. [61] Mst of the QFN | ead-franes
210 shown in figure 21 have high tenperature tape 211
at_the bottomof the strip to prevent any nold
cotpouridetiegshk sppetate ofplagn hyhereinesaldi dgivn sete prseY-ahaped
tape is de-taped, the nolded strips are plated, then
sawed. So for high thernal perfornmance an integrated
heat sink is dropped in the nold prior to nolding.
Fi4ur e Thg heaisind stuct@eN( tlpimmt whemin thehaatsihbstdstiroepnpgises a
the bottom nol d chase surface 212. The nold chase
pluradigiy gfdeat sikg.2, has a relief slot for the high
tenperature tape 211 of the lead franme 210. The | ead
frame is located using the locating pin 213. The sane
| ocating pin 213 is also used to | ocate the heat sink
duti ng Te lheidt sigk sudtere ok plaiwnd ahéngimthaplurabityd disativans ae soranged
- be used. [62] It should be enphasized that the
in anghyay.e- descri bed enbodi nents of the present invention
are nerely possible exanples of inplenentations,
nerely set forth for a clear understanding of the
principles of the invention. Many vari ations and
nodi f i d&e hemsinkayudoge whceim 5 further comprising a plurality of heat sink arrays.

7. The heat sink structure of claim 1 wherein the heat sink is connected to the ring

structure by etched tie bars.

8. The heat sink structure of claim 1 further comprising alignment elements.
9. The heat sink structure of claim 8, wherein the alignment elements are holes.
10. A method of manufacturing a semiconductor package comprising:

12



to the above-descri bed enbodi nent(s) of the invention

W t hout departing substantially fromthe spirit and

principles of the invention. Al such nodifications

and variations are intended to be included herein

within the scope of this disclosure and the present

invention and protected by the followng clains. 11

WHASr g aCuhsteD itsan atEaCkA@d%Sé@ecogﬁhﬁRO@Wu&?&FSé ol PQTERR

in a sem conductor package conprising: a ring

st pleaina i keahinkhstasivie Qetop Of apertign RERE SeisHReconnect ed to

said ring structure. 2. The heat sink structure of

c| plaaingla maklrelerse lm@nipniscadimold partighant ed. 3. The

heat sink structure of claim1l wherein said down sets

ar davpigg thesekond mokheoriiemente p pRrtion ofidie heas ek SEPAIR 1

wherein the heat sink structure conprises a plurality

of infeetintg @i enkapsulgnt iffiha rdd tavdtydfkrmedrbydhefirst anfl seqoag mold portions,

wherein the plurality of heat sinks are arranged in
whe@in the eraypsubint Shreutidsgortong kf the substrele.csemicopdugianchip and heat sink

further conprising a plurality of heat sink arrays.
structure;The heat sink structure of claim1l wherein the heat

sink is connected to the ring structure by etched tie

ba&sing &he ehbhapshlemt whéralky the hent sink etradture ladhiemas 10 fheeti¢appulant;

conprising alignnent elenents. 9. The heat sink

st fertbing eheadnc asaliard ssemhbrfearm tieheoldl | gnmrent el enent s

are holes. 10. A nethod of manufacturing a

S esthguoMithg clieodnc gaclaad @ssembjyrtb $ornma sebicdndseort farkpge

substrate with an attached sem conductor chip in a

first nold portion; :

11. The method of claim 10 wherein a vacuum is used to force the mold release film

onto the second mold portion.

12. The method of claim 10 wherein the substrate with attached semiconductor chip

and heat sink structure are aligning in the first mold portion.

13. The method of claim 12 wherein the substrate and heat sink structure are aligned

through the use of guide pins.

14.  The method of claim 10 wherein the heat sink structure comprises a ring structure

and a heat sink.

15. The method of claim 14 wherein the heat sink is connected to the ring structure by

etched tie bars.

13



pl acing a heat sink structure on top of a portion of

the substrate; placing a nold release filmonto a

second nol d portion; clanping the second nold portion

onto a portion of the heat sink structure; injecting

an encapsulant into a nold cavity fornmed by the first

and second nold portions, wherein the encapsul ant

surrounds portions of the substrate, sem conductor

chip and heat sink structure; curing the encapsul ant,

whéb-ebyThewaethedof daimkl Sovlrenin theeneaphdated packagehiesingulated through an

encapsul ant; renoving the encapsul ated assenbly from
etchedhee basl d; singul ating the encapsul ated assenbly to

forma sem conduct or package. 11. The method of claim

10 wherein a vacuumis used to force the nold rel ease

film onto the second nold portion. 12. The nethod of

cl aV.m 1Thevnethed of didim Yubisteimthe hapttsinkatrictofeedmprises down sets.

sem conductor chip and heat sink structure are-

aligning- in the first nold portion. 13. The nethod of

claim 12 wherein the substrate and heat sink structure

ar é8al i Theethdhofionign t7hehenge sad dgun shes qimpsise ddntedidi@ments.

met hod of claim 10 wherein the heat sink structure

conprises a ring structure and a heat sink. 15. The

met hod of claim 14 wherein the heat sink is connected

t o1phe Thewgethbdd oftdlalmel Toyheredh cdi®down etdee ¥V-shagedl6. The

met hod of claim 15 wherein the encapsul ated package is

singul ated through an etched tie bar. 17. The net hod

of claim 10 wherein the heat sink structure conprises

down. seThe method of claim 17 wherein said down sets create a lifting force when the

encapsulant is injected in the mold cavity.

21.  The method of claim 17 wherein the encapsulated package is singulated through a

down-set.
22.  The method of claim 10 wherein heat sink structure comprises down sets that
provide a cushioning effect and keep a heat sink on said heat sink structure engaged with said

mold release film while said encapsulant is being injected in to the mold cavity.

23.  The method of claim 10 wherein said substrate has a plurality of attached

semiconductor chips.

24. The method of claim 10 wherein the heat sink structure comprises a ring structure

with a plurality of heat sinks.
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18. The nethod of claim 17 wherein said down sets
conprise slanted elenments. 19. The nethod of claim17
wherein said down sets are V-shaped. 20. The net hod of
claim 17 wherein said down sets create a lifting force
when the encapsulant is injected in the nold cavity.
21. The nethod of claim 17 wherein the encapsul at ed
package is singulated through a down-set. 22. The
nmet hod of claim 10 wherein heat sink structure
CoRpri s HAWY SiatmBRherd QY pAaIRy Gti%h QfksAE LfahgGtin an
and keep a heat sink on said heat sink structure
anaﬁngaged with said nold release filmwhile said
encapsulant is being injected in to the nold cavity.
23. The nethod of claim 10 wherein said substrate has
a plurality of. attached sem conductor chips. 24. The
mEtZg]Od '?lte rﬁ!:tﬂ(!)cm)fjc@a M@ rvmeﬂzlﬁ lrlllg h@zﬁ %k%ﬂrﬁﬂfné%&ﬂﬁsﬁg@) plurallty of
conprises a ring structure wth a plurality of
hmu%kﬂ%ﬁ 4 25. The nethod of cIa|n124 wherein the
FYty of heat sinks are arranged in an array. 26.
The met hod of claim 25 wherein the heat sink structure
conprising a plurality of heat sink arrays. 27. The
ne od rei.n. 7], C -
S5 barte e il 88 SR RO R RER K0 aray
1%0 mhereln the sem conduct or package is a quad fl at
fofil eaded package. 29. The nmethod of claim 10 wherein
t he sem conductor package is a nmulti chip nodul e

pac

28.  The method of claim 10 wherein the semiconductor package is a quad flat

nonleaded package.

29.  The method of claim 10 wherein the semiconductor package is a multi chip module
package.
30.  The method of claim 10 further comprising attaching a high temperature tape on a

bottom portion of the substrate.

31.  The method of claim 30 wherein the high temperature tape fits into a relief slot in

the first mold portion.

32.  The method of claim 10 further comprising attaching solder balls to the substrate.
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package. 30. The nethod of claim 10 further cpnprising
attaching a high tenperature tape on a bottom portion
of the substrate. 31. The nmethod of claim 30 wherein
the high tenperature tape fits into a relief slot in
the first nold portion. 32. The nethod of claim 10
further conprising attaching solder balls to the

suBst r afeemicpsdug®r packggqeuRmigingt or package conpri sing:
a sem conductor chip attached to a substrate; an
en@éﬁQGP%thC@VEPﬂﬁgﬁb@@ﬁpbﬁ@ﬁbf t he seni conduct or
chip and substrate and conprising a top surface; and
a hesgncapiuidat ¢ovedig partionse thesemigonductdrshiprand sebstrayp and comprising
surface of the encapsul ant; wherein the heat sink

atopecfpesnddhered to the top surface of the encapsul ant

as the encapsulant cures; wherein a notch at a top
cormhedt swk i dimict orndast wah thpaokzdep ssfabé bf thelemiaptulanhe
encapsul ant’ and wherein notch acts as an interlock

f owhtiedn thebdat sinkkecodws adieeedpa dicagesunfacecbiaherer@3psulant as the
wherein said notch is defined by a side of the heat

encapsulknt carest a down-set. 35. The package of claim 33,

wherein said notch is defined by a side of the heat

Si MhereinaicH dt @ wiyBdorned 6f sehticondaakagiekape iCildddwithithe encapsulant’
further conprising solder balls connected to the

andsubstr at e.

wherein notch acts as an interlock for the heat sink.

34. The package of claim 33, wherein said notch is defined by a side of the heat sink

and a down-set.

35.  The package of claim 33, wherein said notch is defined by a side of the heat sink

and a tie bar.

36.  The package of claim 33, further comprising solder balls connected to the

substrate.

37. The package of claim 33, wherein the semiconductor chip is wire bonded to the

substrate.

38.  The package of claim 33, wherein the substrate is a laminate structure.
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37. The package of claim 33, wherein the sem conductor
chip is wire bonded to the substrate. 38. The package

of claim 33, wherein the substrate is a |anm nate
structure. 16 39. The package of claim 33, wherein

the substrate is a netal |ead-franme structure. 40.

The package of claim 33, wherein the sem conductor
padRageThepagkigs|df cigin &3.arhezgjn the selickate is ymetalipad-Hhapgdgsture.
of claim 33, wherein the sem conductor package is a

quad flat nonl eaded package. 42. The package of claim

33, wherein the sem conductor package is a multi chip,
mod0l e Phcpemiage of Flaim 33, wherein the semiconductor package is a ball grid array

package.

41.  The package of claim 33, wherein the semiconductor package is a quad flat

nonleaded package.

42.  The package of claim 33, wherein the semiconductor package is a multi chip

module package.
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