*159159* THERMALLY ENHANCED SEM CONDUCTOR PACKAGE AND
'METHOD OF PRODUCI NG THE SAVE BACKGROUND-OF THE

I NVENTI ON Fi el d of the Inventi The present
invention relates to a thernalllm&/w@nmw’mwm package for
a sem conductor chip and a ne I ng the
sane. It includes, but is not |ini't%¥* to, a package

with an integrated heat sink for ball grid arrays
~(PBGAs a % |ti chip nodules (MCMs) and quad
f1at nonlng%]g %EWMIQMUJ@TG)EWWGE

Rel ated Art [g@PE}g Iguest to increase functionality
and chip spee THOR PR EB@D UGN THESINEL by
every chip designer in the Sem conductor industry. The

increase in signal speeds in the chips poses
consi derabl e chal |l enges for thermal managenent. Hi gher
si gnal speeds a INVENTI@NdS to

Fiel?i er [unction tenperatures. To keep the junction
ShPE BYERNO8 | ow, various thernal solutions are

[Ol]avai I abi}?. [03] Plastic Ball grid array (PBGA)
packages BRTESBNEUPYIGR sletes inrFCthlindlﬂlglehbance'E%Elga%g) f¢t:a semiconductor
Chjgﬁ?}g thermal solution is a drop-in heat sink that is
Pth & REED B Formenecthe eqmesu | Teinic bdes, Hovie et Timired QR phékaBE@th an
. sinks take-up space within the package, posing
integraffd Eqag SIRK foriball grid apha BRE A aoll FBGAsY, @nul E}hp Shofids (MCMs) and
dgtflher devi ces. For exanple, figure 2 shows a
quactigh aanleaded packagesQENsof a PBGA package that incl udes
Desi drop-in heat sink 4. [04] Hi ghly mass produced
esqription of theBelated part kages such as fine pitch BGAs

[oz]giFEGASZ;f@ %r e arrayed and are nol Qed in panel form and

gul duew i pmogaedunatidnalitgd dad cHipP6RReRAE gé&ﬁﬁuous ongoing effort
by every chip designer in the Semiconductor industry. The increase in signal 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 cncapsﬁlated individually. Therefore,
one thermal solution is a drop-in heat sink that is émbedded during encapsulation. However,
drop-in heat sinks take-up space within the package, posing constraiﬁts 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 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 subst_:rate real estate to have individual drop-in heat sinks for FBGA Therefore, some
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Arrayed packages don't all ow space for individua
~drop-in heat sinks and it is not economcal to waste
substrate real estate to have individual drop-in heat

sinks for FBGA. Therefore, sonme 1 11 1111111 1 1
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appagehesac e whith tokemhl rtdriaerh 1R BN A TRNAG SMBRyed RS UGS LI
use of arrayed heat sinks with connecting down sets.

condewagelown té1e SHowsHBE $hedé 1peabr BdaldiskshaVeqANA ikdu¥s LdBYUES0id flash
such as nold flash during the nolding process. These

durgpgahd myldirgguesesd Tadsctquabiglibsuaerid@ttoth A0 He@Sintel e Ss thermal
thermal performance problens. [05] Oher known

perfeemhmd praplemmgncor por ati ng heat sinks into packages al so
have several disadvantages. For exanple, they include

[05ul ti pl eOthéraaess methepSofidrBolality RASEIRQH lﬁg&ﬂag& fddBive several
and costs. In addition, the heat sinks can be

disadvaith degNB6k-exAnple, thbieiaklugt RlsHifi@holes 8% led-of f i
[06] One of the current nethggsﬂgf %r%%ug%ﬁgg§€§m1"0$“mon“me

andtdoes MR ddyitieRNBOERHsi SI8NHas BRGMEHBhed P IR B i
attaching the heat sink 1 ont ol%tebp [ggér(’?gagé}ng C%hb(? casily peeled-off.

[o6f ul Iy moded etiaR litdde bf pﬁ@&&%gth?%aiﬁ%gvagggd ?e%}i%onductor

adhesive layer 3 as shown in fig
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when the heat sink is attac

pacR@R)by rhRPYa ABheshvid ‘Fa}JE? @ta%%ﬁcjﬂ\%ﬁnxg lgggrg rlc Io E }%g%r] tﬂbs IpgiRod provides

encountered with thi s net
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to the nol ded surface cessive

remfo9A F tlﬁ'h@ﬁ@i[ﬁ{“bthéﬁ?&is&él ML TRLEL ﬁ’?ﬁnfhég‘]?‘#] i%%lilela?]{:om%rolling the

package edges or the contact pads.

m%h@ﬂdﬁ@si&@’&%@&ﬁo %@zﬂ:h%@%ﬁ:a@ 91?1%? té t%g %%1:%? E%F%C}I; %t Excessive

adversely affect therma pertor manc

adh@sti\teaﬁégnl}gus{a Bed %gtpgfhnlch %Mn?z{ %l?:cgl%gllflﬁ]étiefo],glg {gggcggit: gdges or the contact

econonically via consi ng
pad® fm%)fﬁ&l:&%ﬁe%ﬁlé'cB\?e'I‘?&tc%n Ao LhGe Ii_)a?,é:g:c:kgaa%se that adversely affect thermal

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 ié to provide a method of packaging an
embedded heat sink semiconductor package whereby the semiconductor package has good
thermal ch.aracteristics and can be assembled with a simple manufacturin g 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 6bject of the present invention is to provide a heat sink structure that
created a lifting force that keebs the heat sink structure engaged with the release film during

molding.



[07] One object of the present invention is to provide
a nmet hod of packagi ng an enbedded heat sink

sem conduct or package whereby the sem conduct or
package has good thermal characteristics and can be
assenbled with a sinple manufacturing process. [08]

[10Anot her QBireCsy;ah of e pRAsER ?ﬁuﬁnﬁé‘n"i‘? N }ijrgvi\sii&%th%:% sk QLS thar

a heat sink structure Fovides

inhiBY$ RoRM Aot 8L (L1 NG 1ol di ng. [09] Anot her obj ect
f the present i1nvention is to provide a heat sink

0
118t ruct urg fbady; Lifting force that keeps .the
I ot o moebr s EPERE sl bbb kPP Ade o i mchices
[ ' 10 ot her object of the present
not i eRChosilih Hofli 8 shrrgLolthh bAF e Riiat pbcaiies frgte et sink,
hh Al D), | ash _on the heat sinks. [11] Another
T égct:)[ %] ¢ g?ﬁ?ﬁ g“%rgg‘zbeeﬁ SRR SRk P quEdsmainsplants
ackage t.h hncludes a nptch of encapsul ant around
[12? he cor i érrngé¥ the fanoyaniensss OF BusRackage 1sfRatj 1hgas be gpplied & any arrayed,
e heat . sink, nhancing the hol di ng strength between
tead QR0 Qg A ik R0 P nSgie oBfie ettt The
hedgﬁlqya§gven§sszgf t his package is that it can be
appl FPBEe A WRynally cqudngtve patehalifos geample cqprsn)- | ami nat e
based packages whj are_npl ded on one side of the
substrate. The h%éEﬂgﬁgﬁlagﬂlﬂéﬂgﬁﬁbﬂﬂﬁﬁhaIIy
(13 onduct iye.materi al éfor exanpl e, copper). SUWMMARY OF
HE | NVERFIPROASPChiese heah it Stoatureder ustas a sehieendustprpackage
th str%%ture for use in a sem conductor package that
aGIpclyqes 8 Lng stychye with dowp seis apd hhedbsink eennscreditg the frestructure. The
d sink connected to the ring structure. The down sets
OWDAIS 580 8] SPTOr-ShPshaped. [14] The heat sink
structure may include a plurality of heat sinks,
(14} hel udi A8 RIESIPY sfFuctyre gpay include a plurality of heat 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 ali gning 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 sernicondﬁctor 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 fhe 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.



of heat sinks being arranged in an array. Al so, 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 alignnment holes for aligning the
i7heat si 6] The invention also
[ ]i ncl udegﬁ%aﬁﬂg?ﬁg%?%l% ﬂr‘r]glr%# %Sé{'ﬂ? Wlope:s ‘QE?FF%@F\HI?@( i§jease film onto
the R854 dp&l&gﬁ_ i ncludes inserting a substrate with an

attached sem conductor chip in a first nold portion,
ortion of

pl aci n inpk structure on top of a o
I8 he sugk;)hs‘t?errlzg?lg,&j %fig%lls%lgﬁwlggefr%fa&h’lnglsw eoals FOn‘»B% pHb§iraje and aligning

: ortion . clanpin second nol d portion _
e R P4 B S e S cirustie m o eiogportion
thro%tgg&%% uli%nt. into a nold cavity, wherein the
capsul aft € BFfounds portions of the substrate,

sem congduct 0 hi p .and heat sink structure, curing the
1enc apsu ﬁ?‘?tl:‘%ﬂ:@?gﬂflo ‘lnﬁlég%%ﬁ¥“‘at§1gﬁke gicppritatndeacidbie thegngh a down

ncapsul ant, renoving the encapsul ated assenbly

set ot ot 5 I?itet' z: . ;
¥ PSPl d and  si ngul ati ng the encapsul at ed
120 assenbly to form a sem conductor package. 3 [17] The
Inet hod YBSP te S5thadds viae thesiomy sats vaay auerre olifliog fecet wieen the
nold rel ease filmonto the second nold portion. [18]
encapsplantisipgeiedrinythe,meld qapiey. e paevidechiushiosink dfect bad sy kep the heat
. the substrate and aligning the substrate with
S‘“kﬁflflﬁcfﬁ@d‘%ﬁ‘i“@éﬁcﬁﬁéﬁﬁﬁg wahispidaneld hededse §imkhit sditéneagsulant is being
.. the first nold portion through the use of guide pins.
injeqtefgy torfhe Mol ¢RydY-may al so i ncl ude singul ating the
encapsul at ed package through a down set or etched tie
[21par . [ 20F meteed muealseintiod dtechisgd highaerdmmusei® omBbottom
create a lifting force when the encapsulant is
portipp, plihe gipsirgie thereirpthel high tempgratera yapprvallifd et@a eslistsl@nh g first mold
Ifeffect and may keep the heat
portion.

221 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 sémiconductor 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 fhe heat sink and cured encapsulant.
[24] The package may alsd include solder balls connected to the substrate and the

semiconductor chip being wire bonded to the substrate.



sink on the heat sink structure engaged with said nold
rel ease filmwhile said encapsulant is being injected
into the nold cavity. [21] The nmethod may al so

i nclude attaching a high tenperature tape on a bottom
portion of the substrate wherein the high tenperature

[251t ape W IThe fdcdkade b ; lje Jot in the first nold
porti on. [EZ] aéIf':heé)yi lﬁi/l{ée%ﬁ Sé’ﬁ})s%f‘tgéhait K@ lamatestructure or a metal lead-
fran®SFuEORIUE L& i RARK Jthat includes a sem conductor
chip attached to aég‘ﬁCé?“?lﬁoé,pa%lﬁg%ﬁ@&%albdhsflcbm@e'manlgage,aquad
flat R daiQ@DSacRceld? 1.conductar chip and substrate and
conpr i s?aﬁg 2 tgspasrg}ﬁlpfcgl enOUHEPEkRAt sink in direct
[ surface of the '
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contact with
encapsul ant . Ea ; ==
26)surf ace encapsul ant as the encapsul ant cures
] and a n%dtgrclz% 54;,? Ctsao{}gi)ﬁﬁg}“ﬁé (©agbe etfer sndrdsietdovitip@tkage to the
[ i th the encapsulant. [23] The notch may be
8 ‘?{é%“l“%% gﬁes?O&EOBW‘%lﬁ herflratings nie nondecassaidiwmo s@le, Biphasis
insteRY | of the heat sink and a tie bar and acts as
e eanb(?[ﬁ? @g e dipop 8&”1%’3“%’@5{‘% Shaurinciphesai dierpgestenvealish. "oreover, in
th engt. et ween the heat sink and cured encapsul ant.
¢ dﬁiz‘itfékrhge rﬁ%&%& BURERs designate egrersporsiolgdarts thadugBout the several views.
[27]connectP91d tg.lihe substrate and the sem conductor chip
bei ng wi'FE°bONTEHCE deaNentiopisbmetave of profbly e Rtk a8Banced
Semg@éu&ncl ude a substrate that is a |lam nate structure
or a netar8ead- frame structure. In addition, the
2 ]sem' conduct or. package may be a ball grid array
package, 8H° g&&’dtra‘ﬁ Hethaverinygutethapmeiod)6f R6duictgad tHdHall
caha SN D n.DdéJ}J e package. BRI EF DESCRI PTI ON OF THE DRAW NG5
TSR PeRERRAuSOpBRckageof the i nvention can be better

[29] under stFood vxg th reference to the
1gures 3-9 illustrate a method according to the present invention of producing a

§ the top

folloh
olldc\i\gr]l

thermally enhanced semiconductor package.

[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 3);3 array of heat sinks.
[33] . Figure 15 shows a partial plan view ofé 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.



foll owi ng drawi ngs. The conponents in the draw ngs are
not necessarily to scale, enphasis instead being
pl aced upon clearly illustrating the principles of the
present invention. Mreover, in the draw ngs, |ike
ref erence nuneral s designate correspondi ng parts
[37t]hrough. t the several views. [27] Figure 1
i'l 1 ust r at@YeRl TEhP Beadss metthonal \OdwspIr DGl G, 4 -
. heat sinks.
Dggh_ermal -Ilyi enh2a1nced sem conduct or package. [28] |§'_ure
illust r%‘fr% a%’étzﬁéhow@nvmﬂm@nCéﬁthéFwPaFﬁgﬁ%ghqlg inteerated
he 8 thermally enhanced sem conduct or package. [2 ©
“¥FfJ%res 3-9 illustrate a nethod accor di ng to the
present invention of producing a thermally enhanced
seni conducPETAILED-BES CRIPTIONF T HEI L U4 PR 4TS an
enbodi menNON-LEVIREY GeEMY CETHERNWENTION
i “12 0 e Hthod
ofackage L3l Flgures 112 TITusTTare snocrer Tetho
ccordi eninvé i1®8 d&cribdy | i
em%er%rrgpl l%h e%anced seni conduct or packgge.1 ?%%l%%iwga Pk gxemplary
TR 140 hrosmce opthy ideansing®y! PheZe@hibayed rray of
o ahe?t_ q%i nkds. [33] Figure 15 shows a p%r?&é%gggﬁng%&#we Intended
OfSt & Hespdesitandingrodite iaeantib] andla34]ot ey 6 shows a
. fIF,ash free nol ded package with a heat SF(ﬁLO]jQ‘B%B’C[Sﬁ@ieC’“hC
NVeniigy eany W agh ughano el deiveings a5 $ &d ¢t her mal | _
enhanc}fd seni conductor package %ﬂ{ﬁh; grtﬁeee & epadiments, those
comppreiLs Hagidk idengeal GurntBoshaws (Bds&%a0R)e.0f a molkd ,
rel ease fil mbeing forced up agai nsteg%ehréunf‘%%?f%d’flﬁm duplicate
explapgtionpwilbye amivat uum and conforming to the nold cavity.
5 [37] Figures 19 and 20 show cross-sectional views of

40 1 .. 1 .
[40l2x 2 andA3wB lmlﬂr&g@ﬂﬂﬁﬂﬁm&it 3K 3 method for thermally enhancing a semiconductor

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. Ttem 100 represents the substrate
and attached chip assembly. Several methods may be used to attach the chip to the substrate. For
example, epoxy dispense/print and chip attach c;r a pre-taped chip can be directly attached té the
substratg. 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 sinkA structure 103, 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 meta] structures capable of absorbing heat from the chip and

dissiat; .
ssipating heat to the environment. To ensure proper alignment between heat sink structure 105



[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-LI M TI NG

EMBODI MENTS OF THE | NVENTI ON [ 39] Hereinafter, the

present invention will be described in detail by way
andofibseaie Pl ahg/heaesthib stinriné fayalsd cdrfig LERMfent BolbdYBrouch which the

drawi ngs. The descri bed exenpl ary enbodi nents are®
sameryetari geide pin® 106 srie Siseitél. IOrBerUAIRR 8li MU She®foad N1 also he used

invention, and are not intended tolimt the scope oq‘e ‘

[43Y he | nheslidvaini fipudd ¥, tiPdeld PRRRHI B ULy 09"
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closed npdaretit endapstiiAADnipetRBYsi G8) nlctNGHiGN o LRY Lhe sanme
reference numerals for whi %hoduplr%lcat?oeﬂ?é&p 3%% l?egh%nk Structure

railwojd. be omtted. [40] A non-limting enbodi nent of a
net hod for thermally enhancing a sem conduct or

[44packageirsold eg&dst Be 166LQWe i S..Shown in figure
3, a chip 101 i's attached Fé‘ﬁgﬁéi%eé\??eé’tt ¢ tpgnold portlon 107 and the

hearSitkstos at Bhelildid r@efie BEn grdt&@ tH?ESu?{aSé o) t%t%g%al? é’?’% 1 ! a!i prevents

| ead-frame. Item 100 represen e su

con orf el ma thods, ! D d.t
@iniRGHEHok hdtn@SRERRLY tﬁﬁﬁeﬁ%xg&%%ggmglg@gﬁp g’lrln'lsZ%%%l]lgE films

attach the chip to the substra

hiéH SRSASSARY B ' tiach or a -taped chip can
T oty SR P LBl A b 15306k e med o win i

in tHeHol6 iPust QL 00 REoME iR RARAS, L 0 L e, substrat e, -

However, the present i h%vlg(ﬁ? ireg?fls? ghﬂ 656 PR #83nsbine EPPURQiE portion
107 hendse£hi 5 Fq a it could apply to fli _

chi ps, _an‘éé)t o F]? %P © tlAf% VY ?‘“a‘%a’%l&\ﬁ’%_‘hieﬁmﬁ‘? @’Eﬂa&e f4m being
forcSRS LAk an g ttached chip assenbly 100 is | oaded

Sh RO L BESE b P B53 T 1 gweria Sieomernags may be
used8 Hak b, ql%dl(g%rrent oﬁ s _through whi ch guide pins 104

are Inserted. le&sfﬁg{}n %Vc‘)'\e/\%] B PhHRA BryABtr ariktop sl dpaatien
[45]b'e usedDuanéﬁLe é ncaf iugaur e 5, heat sink structure 105,

whi ch incl Gdes HERT PHRIOTR5S AR epcansylartgdd, such as a thermo set epoxy,
is injected into the mold to fill the open spaces and is cured. The bottom of heat sink structure
105 becomes adhered to the top surface of the encapsulant 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 105a 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.



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 nmetal ‘structures capable of
absorbing heat fromthe chip and dissipating heat to
the environnent. To ensure proper alignnent between

[471heat siAdfker shermoldingerdd& i6fiaibeds teshslatiopkfd anti R rBIR&k film is
sink structure may al so contain alignnent holes

automtrcaliy Hetedhied h Théren fresafitm Sepropdgagidi foendRt MS1dkR4vaE e
insert ed. Oher known alignment methods could al so be

[48]Jused. HeAB}inlstnghnowh0d ¢unfaisg We @arfinate® Wit fHotBREd 1M 1]901?1 lieu of a
and bottom nold portion 103 are then <closed to start

mold hieaseridap®a] St¢, 6or qrrmple Sourd PP AR} Ghe BAYa Eél@iﬁloﬁ%?oché the protective
cl anped on heat sink structure rail Fg

film isetreasd. fi | m 106 can be inserted betmeen the top nold
portion 107 and the heat sink 105a. The nold rel ease
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prevents contam nation fromthe encapsul ation
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films which can withstand ol ding te

wherBBb18erRlIEaE @rbdhbdbi e YSIBL paBD S lﬁﬁg"su%%ﬂ?t esés'lﬁ ué fosaigganached

the nold it to use a vacuumto rce

to thé inbIed QbstRe @g’ab?%nvgﬂ%nglqgetﬁgdsd Sgg hgur(e)% T11ie pq’&?]engmvenuon is also

conformthe filmto the shape of

appliSatd 1Rl pacileed dS: dsq{oguge%bﬁ@ﬁ?allfs Ju@l he) fca(gframe cg%ev(g ges like quad

agai nst the top nold portion by a“vacuum

ﬂmjkhgﬂagi kmgqup yret hods may be used to |nsert t he
mol d rel ease m bet ween the heat sink structure and

sojtop nold,paLtk e _encapsul ation

[ ]process “an enggﬁg% $Q¥%%m%km§ﬁ'8§p ﬁ@?ﬁﬁség?“nddmgaﬂd
€PAXMulatidnS 1 Nj ected into the nold to fill the open

pnmépacégmand is cured. The bottom of heat sink structure

[51] 105 beg g?r?ol@e%rbeageq t1?0 1Is t & ntc%FtoSsEF::e];bgzcsgtvg%] tF%qxanﬁF a singulation

: encapsu ant as “encapsu
[ th f sk
b]adev‘fh()br&aﬁbé %egngg % khee@eélred\é\\g: alsF%gmér)%%l gﬁa;%ss%wglng)?q,?g

cut tlﬁ%l%%gfgﬁe&mnT%‘? 1ﬁ§k’ ShaSel LGRS e heastyf s mthat 3N

package 110 1is

the encapsulant 1s 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. Tt 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



heat sink structure 105 is the portion above the top
surface of the heat sink 105a and the other portion
above the rail portion 105b that is clanped by the top
nold portion 107. The nold release filmprevents nold
conpound flash and ultimtely prevents any

heaCRAM RABNAIPBr Hhiott RSB LS 148 ,ehd compound
is in cont agt Wih all the s{??ﬁg%eefgncéﬁ%sép hetrﬁle’rrﬁ‘pr&iﬁmre 201, apart

fror WAk AgEuRhed RBIDGRE, h§1&>£‘ﬁ> a@r@?e%tiox?g{%bdte fﬁga%%gyp%gg ? B%?ig%ﬁdhe mold

the rarl portion 105bt IS C
niRhhd 86w 1R e sBiScu® res.it _adheres tq the
“Contact ] ng nsgjrf%%eggp%]gf]%f}aifts\éﬁhtaﬁeed “aﬁeﬁé%r %Egsg shaped

owrSsels n Iy d and th | e fil

il i OR300 AL LSRR I
carmitr oa,far mt b¥ le. [48]l Heat sink

o 2O Tie 0B ol 8% B0 R o bl bt e wamors

[ . [ of a ..nold rel ease fi| m106. See,
oA 0. L AR LSRR AL %0 chownn
f Jggess, the protective filmis renoved. [49] The top

an

“bottom nol d portions are then separated and the
ncapsu d ckage 0 is ejected fromthe nold.
[54]21‘ t ef tk%'i’?reopgﬁ% 9 %F&b‘ii“&% P’Eoﬁféésé‘tl?hi IpSeraise 8pajsinks B3 | The molding
J‘ggu.nt rOcess, wher.e sol der balls are attached on the
PIOSH1 9&r Iﬁ)%aglg §r SR &S HGRET s smbedimsat: The hea singdragreecarrier 200
ft ached t he. nol ded substrate 102 by conventi onal
carrg;éx% E%e fteg (Efg W?‘dwgglsgﬁgweanﬂ,l%agg%pn {%@é%{eisgpﬁtr@@ 288 s d'he substrate
licable to. ages that do not use solder balls,
a“@ﬁ%ﬁ"‘% r%gaﬂwfg@ﬁmgpa@éﬁ 155 Ok a lpsating pie 2Qfuenthe frickd togbmg for
al'ol eaded ackgge %qn:Nqu.l [50] Lead franme based packages
'ELLEL PPIPOMd € P00 PPl bRige sReessd s v maw beusegl tarfietce the mold
) rior b si.ngyl ation. [511 The nol ded package 110 is
re e?ﬁ%éﬁm(’z gagadnsgﬂféowolgm@: S for exammit. digues 181 KYbérandtionis may be
qpl ade 109 can be %fed to dice the desired area. See
useq fodpee ter mpld relerse i Betiyseritg bpatsiok gucture apdtop mold portion. As

mold is closed, the “V” shaped down sets 204 provide a cushioning effect and keep the heai sinks
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 stmcéure 201 also
helps in inhibiting mold flash on the heat sinks 110, by ébsorbing most of the ﬂo;Jv 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



cut through the down-set 105c and not at the edge of
the heat sink 105a, a notch 114 filled with the
encapsul ant is at the corner of the package. The
filled notch at the top coner acts as an interlock
for the heat sink, enhancing the holding strength
typebef heesinksi2®3 [at 3x3 dtlan @ atlayCdifed Bach ARSIl ARE carl h":hZ]z only a one time
Figure 10 shows a final sen conductor package 11
dowh &3 oAimgtcher Terbodihepein Qindaftezif €8 @3lind méﬁlﬂt)ée@&s involved.
~includes an integrated heat sink structure. Figure 11

[56]i S a Cr Pigbres &% hiridOIadhowi ces 8éctioha viewks @0pt & ﬁ@%@ hé¥ sinks. The
structure. It consists of ring structure 201.

figuft@ also ShowWksne2RBmple f ERGRVIMAS SOk Mol Bk Nadd s 3heaY h§dt E‘Llﬁks
structure and are connected to the ring structure 201

[57)t hr oughFiRalef s @bh&HEeMpdrii@ PRarsew OZheat sk @ﬁé@@ﬂn&@% c%ﬁﬁe%ted o the

204 are created on the ring structure 201. At | east

ring@fEct@s RO F thréfeh e dwHIQYtol v aRE gSwRlerd 1R b xﬁgl\f}ago%no the heat
heat sink is the ability of single featlre to

sinkBrd Vi LvektibaCdusRdfRing LREctfabAle Rbldi!t %F d6Qbset@BS hiso act as

fromcarrying the héat sinks, alsd ps to prevention

connBRtoss tb liRSPnRYcalfr RO aﬂweraf &hk darid: %‘gm@bg ncﬂﬁ@ﬁ%@%ent features

flow Ring structure 201 also inclu

210 $QMBre $683dS0 P4te ahBGlignWhe ﬁé’iﬁ‘&%ﬁ stlng ‘R}M‘&é Shkera2bos s;ﬂB&‘r% tL fioure 12)

the ring structure 201. They al §0 act as conne

durlhgy RloRiidgPrbdass. i 15 R E I a%gg‘lboér €ntofa h%gk%’i)nef(df{amac carrier that

down-sets 204 al so tran ate orce assocl a
mcmeggp[mmy oﬁgng gg owinto a vertical force

cushi oni ng the heat sink against release film 206

[58]( shown pllgureflﬁ QHERS alﬁgsh fie@ﬂol%dg)gﬁkgo tg' Eﬁat 512%283 ?fpé)scd After

mol di ng process wth integrate

molgmlw th]ﬂ)ldep Pr%ﬁ g%§ a}esmaﬁnae%rlﬁxl tﬁ{ p%kagrﬁ?eeafn gac s‘)?g[rquledz%ﬁl g package

preévi ous e I ment

it e
and gfs{ﬂaﬁ Engﬁéngfrﬂﬁerﬁ?eag ?a % 5 OF%%tgh ??y fille kv?nhu g er(x)cfapsaulalin(t) ?saatt the%omer 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. Lead frame based packages do not
undergo a solder ball mount process. Rather, lead frame based packages after molding 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 1o 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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al i gnment purposes. Prior to the nold being encl osed,
a vacuum may be used to force the nold release film
206 against the top nold portion. See for exanple,
figure 18. Other nethods may be wused to insert the
nol d rel ease fil m between the heat sink structure and

keeplrﬂrﬂhé"j@h(gxoﬂ%rﬁﬁe?ﬂureﬁﬁm nmeQnt'e,éra&h%gth dgggn CF Eg]gﬁsgsﬁd method

down ‘sets 204 provide a cushioning e ect an

enabibaﬁéos@fﬁgt%e w3t W@&%Quc"ﬂo @by e Rantkd Qﬁ&&%d\;cgé)rep%a?age.

| m 206. During the nolding process as

[60] C 0 NPoUNsth&Ha8k Sed e HID e 6N ,éh&&’d ndd? ﬁﬁfc L&gﬂ fdggﬁéd o {ll'zance the

the ring structure 201 and

therrggﬁerfa_xhﬁnéel 19¥Yu&é’]@ﬁﬁedgd wm%tala{%é Flypac?% Slg(e Iam]tnﬁte based |

down-sets 204 creates a |

pack@ bds ezﬂ& Hﬁ)id@@ of? EF] eQ@Q rﬁ Q&ressid’%ldsflrl}égotwu gheowS U]oev)\tgrtnblg OE lé’)g assembly

12), keeping t ring structure

Comggqukwgéﬁfg%ggﬁggm l%gakgge&%ligse f|In1206 The ring

ructur ps in i"nh ibiting nold flash on

he h t he f
[61]|t ngucg SZ Ir gg‘xg Q’IF;%) ]ggﬁ) Yr'a_.\%gsﬁér)lg)bsfgg'n 1%%11%5% h?)vee\}?w?}faerature tape
211 gt)ige &Rt [F)%yof %egm a{o é)revefxts aﬁlé gl%Ol% F?{a %§%s§h§%§lng the high
f. th .
ol 55 B SRR TS AR S e
aoth St tu 201 i
pect R P R0 BB PRI e cdf Pei ‘e g 19 Shows 2

I.O l.rres |ve of the array 9t
QPN i AT e Rtee s 33 W Pote g i ayck 2. Theamolfehage surface
21239v t $§# e cgnhhave oqﬂy a one tinme down-set tooling
3%¢ TelH A 19 tBGiRR fFRPeraTs taRR dat aftilFﬁngdtf%@et2é%lﬁhﬂéeaérﬁ@me is

i % oces& gFlnvolvg ﬂgSG] Fi gures 18 and 19 show
oca FB§§= & ePiEERIn ¢ b ibe stmolpsating pimz 53 15 alsa psaddaioca fiedeat sink

. ] res al so show one exanple of the nolding
duml:ﬂorﬁ‘&lglﬁﬁ § thep kpove plisasnifpsthgdsppay alsg hesed. [ 57]  Fi gur e

15 shows a partial plan view of heat sink frane
62]carrierlt Si’@Bﬁ Resmpbatiesd thas therpbove-iesgrinadrambodimenp @1 the present

t hrough the down-sets 204. The down-sets 204, apart

‘“"CWQS‘rﬁr%‘BEfE]drHOF%@e ekrnpiesl iImplepiestatipnsopersly st foeth forgadlear

cushi oning effect during nolding. The down-sets 204
undeggtangingof thg 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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connectors to the frame carrier 200. The heat sink
carrier frame 200 includes alignnment features 210
that are used to |ocate and align the heat sink strip
and the substrate 208 (shown in figure 12) during
nol di ng process. Figure 15 al so shows an enbodi nent of
a heat sink frame carrier that includes a plurality
&gﬂg i [ s. [58] Figure 16 shows a flash free
' heat sink 203 exposed. After
nol di ng, the solder balls 108 are nounted on the
packade and Pp&thed 9 manpigiuaing@ ssmisegdpetokpaskageccdmprizing:
through the tie bars 202. Because the nol ded package
i s cutnseiingugtubstase piith apattacizdZemarvaduabr atip trhefisdg®ld portion;
of the heat sink 203, a notch 214 filled with the
encapplscangta het sink sectareMBItop bf a bbRioRE KRG b
filled notch at the top corner acts as an interlock

for tBRchRal méid¥lea®aN&t94 stiifd Iﬁahgjg St rengt h

bet ween the heat sink and cured encap ant. Lead

frame not  undergo. a | der, bal

rmount i R SERART R plion A EbHTioR of el spyegyre
nmolding wll undergo a plating process prior.to

si ngu F‘g?‘it’d’ﬁ_ anﬁnﬁ@?ﬂlgm Bip 3 @Oég??é”t\)(/iff’lﬁn@aw th¢ Sige apd yecond mold

Both the ball nount and singul ation processes are
POEINAEWheEPin deesensapsutrisurrounds pertivhs ok thielsubstratey eeraiconductor
in the industry. [59] Figure 17 shows a conplete
abipantl heat sitdestnehiry; enhanced sem conduct or package

wi th enbedded heat sink 203. Wth the substrate 100
bei ng cafing thenhddpeiilant, %eféﬁ?&hegheﬁk sifR3tritBRtdNeres to the
enhances the performance ot the package by renoving
E&%pgggh.generated fromthe chip 101 and 10 keeping
the junction tenperatures |ow. The integrated heat
sink design and the pose t hod enable a cost

ef f ect (T’r{l/%‘gﬁ%@leoelmmgg raSEel?g?lﬁ Oflhg‘f’ r?é‘ﬂay enhanced

sem conduct.or package, [60] QO her packages to which
the i MRgHaLpedefosspselaind assambly to fgsm assmieondypian peckage
thermal performance include QN and MCM packages. QFN
packages, |ike | am nate based

2. The method of claim 1 wherein a vacuum is used to force the mold

release film onto the second mold portion.

-3, The method of claim 1 wherein the substrate with attached

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

4, The method of claim 3 wherein the substrate and heat sink structure are

aligned through the use of guide pins.
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packages, are nol ded on one side. Figures 20 and 21
bel ow show an exanpl e of the assenbly concept of a
QFN package with an integrated heat sink. [61] Mst of
the QFN | ead-franmes 210 shown in figure 21 have high
tenperature tape 211 at the bottomof the strip to
prevent any nold conpound flash. After nolding, the

high _tenperature .tape.is de-taped, the | ded strips .
are pat edfﬂl? & Ogﬁég@lméowg%rfmﬁﬁf@heaf ARk gg}lc lire comprisss a ring
performance an_ integrated heat sink is dropped in the
ppIcurg anda hed sik di ng. Figure 19 shows a QFN frane

210, being | oaded on to the bottom nold chase surface

212. The nold chase surface 212, has a relief slot

for the high tenperature tape 211 of the | ead frane

210. @he | gaé nfettdfictaim| owhéreth tHe hé sinkEs taimatied e fheRing
213. The same locating pin 213 is also used to |ocate

LR e dy ealhll tie @il Ng nol ding. Qher known al i gnment
nmet hods may al so be used. [62] It should be enphasized
that the above-described enbodi nents of the present
invention are nerely possible exanpl es of

i npl egent at | ons, re set forth for a clear L
under 4t anditr § msthodipt Cl%%{wb?régl tB? STMNTIR ispingplated
variations and nodifications may be made to the
Hengh ancgiehaddiedbaembodi ment (s) of the invention without
departing substantially fromthe spirit and
principles of the invention. Al such nodifications
and variations are intended to be included herein
Wi t hi 8, t he The aRehddloftchis 10WRSRSHE BeARBK IshEcilf &R Yrises down
i nvention and protected by the following clains. 11
T 1S CLAIMED IS: 1. A nethod of manufacturing a
sem conduct or package conprising: inserting a
substrate with an attached sem conductor chip in a
first mold portion; placing a heat sink structure on

top of a pgrtion of the substrate;
P 9. IC)%he method of cla?m 8 wherein said down sets comprise slanted

elements.
10.  The method of claim 8 wherein said down sets are V-shaped.
11. . The method of claim 8 wherein said down sets create a lifting force when

the encapsulant is injected in the mold cavity.

12. The method of claim 8 wherein the encapsulated package is singulated

through a down-set.

13



placing a nold release filmonto a second nold
portion; clanping the second nold portion onto a
portion of the heat sink structure; injecting an
encapsulant into a nold cavity forned by the first and
second nold portions, wherein the encapsul ant
surrounds portions of the substrate, sem conductor

chip apd heat sink ucture; cyring the encapsul.ant

wher ey t na haRhed Sheladfr bR Heahdhe Shcaine amprices down sets
encapsul ant; renovi ng the encapsul ated assenbly from

{hae PiayIds:2 ishigningiafiest andckep & apasink w%hm& strycture engaged
forma sem conduct or package. 2. The method of claim
withiseidanoldgeleassfilm whileisadiencapsubant és bdieg midoted ined dasaold
filmonto the second nold portion. 3. The nethod of

chvdtym 1 wherein the substrate with attached

sem conductor chip and heat sink structure are

aligning in the first nold portion. 4. The nethod of
claim 3 wherein the substrate and heat sink structure

et hod "o APariCP ARl e did LB oy SFanached

conﬁri es a ring structure and a heat sink. 6. The
FEPKERAUSIor PSS m 5 wherein the heat sink is connected
to the ring structure by etched tie bars. 7. The
‘met hod of claim6 wherein the encapsul ated package is
singul ated through an etched tie bar.

15. The method of claim 1 wherein the heat sink structure comprises a ring

structure with a plurality of heat sinks.

16.  The method of claim 15 wherein the plurality of heat sinks are arranged

in an array.

17. The method of claim 16 wherein the heat sink structure comprising a

plurality of heat sink arrays.

18.  The method of claim 1 wherein the semiconductor package is a ball grid

array package.

-19. The method of claim 1 wherein the semiconductor package is a quad flat

nonleaded package.

14



8. The nethod of claim1 wherein the heat sink
structure conprises down sets. 9. The nethod of claim
8 wherein said down sets conprise slanted elenents.
10. The nmethod of claim8 wherein said down sets are
V-shaped. 11. , The nethod of claim8 wherein said
down sets create a lifting force when the encapsul ant
i's |n cte in the Id cav 2. The et hod of
ci ai P8 wh S P Rk o herbia i R QR ELor e i el
through a down-set. 13 13. The nethod of claim1
meedilqeagkagd. nk structure conprises down sets that
provi de a cushioning effect and keep a heat sink on
said heat sink structure engaged wth said nold
rel ease filmwhile said encapsulant is being injected

in to2the matehetl@d dfitlaithdl fufiRer é’@ﬁﬂ}%g)itta@hl F'ﬁ‘h]rgh temperature
wherein said substrate has a plurality of attached

%aﬁ%ﬁ%%%ﬁq orfidh Qfsthejsébstryée method of claim1 wherein

heat si structure conprises a ring structure
with a plurality of heat sinks. 16. The nethod of
claim15 wherein the plurality of heat sinks are
arrangﬁd In an arngy._l?. The met hod of claim 16 .
wher et t hdhpasthad; ofielaim,2] cvhgreinthbich emperature tape fits into a

plurality of heat sink arrays.
relief slot in the first mold portion.

23. The method of claim 1 further comprising attaching solder balls to the

substrate.

24. A semiconductor package comprising:

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 enca1|asulant;

wherein the heat sink becomes adhered to the top surface of the encapsulant as
the encapsulant cures;

wherein a notch at a top corner of semiconductor package is filled with the

encapsulant’ and

wherein notch acts as an interlock-for the heat sink.

15



18. The nmethod of claim 1l wherein the sem conduct or
package is a ball grid array package. .19. The nethod
of claim1l wherein the sem conductor package is a quad
flat nonl eaded package. 14 20. The nethod of claim1
wherei n the sem conductor package is a nulti chip
nmodul e package. 21. The nethod of claim| further

conprisi ng-attachin hi t erature tape on a .
bot t offf ‘por t—'rﬁgﬁa FEY ﬁ%agﬂbg¥>r‘§ﬁ%€1nf2{dﬂﬂt@lﬁgﬁ Byraside of the
EIaianl wherein the high tenperature tape fits into a

et sigk agf gdomm-sehe first nold portion. 23. The method

of claim1l further conprising attaching solder balls

to the substrate. 24. A sem conductor package

conprising: a semconductor chip attached to a

subst 2@t e; Tae paskagpsidlaift 24,08kdrbinGaiaiotdHi8 SePhed tiea side of the
sem conductor chip and substrate and conprising a top
Bett &k and @il warheat sink in direct contact with the

entire top surface of the encapsulant; wherein the

heat sink beconmes adhered to the top surface of the
encapsul ant as the encapsul ant cures; wherein a notch

at a cor ner .of seni.conductor package is filled
with ﬁg i"hg Q?Q(ggeaﬂ H]algh , turther c%mpnsglg solder balls connected to

the substrate.

28. The package of claim 24, wherein the semiconductor chip is wire bonded

to the substrate.

29.  The package of claim 24, wherein the substrate is a laminate structure.

30. The package of claim 24, wherein the substrate is a metal lead-frame
structure.

31.  The package of claim 24, wherein the semiconductor packfdge is a ball
-grid array package.

32. The package of claim 24, wherein the semiconductor package is a quad
flat nonleaded package.
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wherein notch acts as an interlock-for the heat sink.
15 25. The package of claim 24, wherein said notch is
defined by a. side of the heat sink and a down-set.
26. The package of claim 24, wherein said notch is
defined by a side of the heat sink and a tie bar. 27.
The package of claim 24, further conprising sol der

bal | s,connected .to e. sybstrat.e. 28. The package of = .
cl ai m3%'4., jﬁ%P%‘%“ﬁg?ﬂ 5@%%0‘%%5%‘96@6 Ligenduicigr package 1s a multi
bonded, to the substrate. 29. The package of claim 24,
fhiemeqdyle paskagmbstrate is a laminate structure.  30.

The package of claim 24, wherein the substrate is a

nmetal |ead-franme structure. 31. The package of claim

24, wherein the sem conductor package is a ball grid
array package. 32. The package of claim 24, wherein

t he sem conduct or package is a quad flat nonl eaded
package. 16 33. The package of claim 24, wherein the

sem conduct or package is a nulti chip nodul e package.
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