"2 8 JAN 2004 HEAT SINK FOR BALL GRI D ARRAY PACKAGES BACKGROUND COF THE

| NVENTI ON (1) FIELD OF THE I NVENTION This invention relates to the
i'nclusion of heat sinks in a nolded circuit package. (2) DESCRI PTI ON OF
THE RELATED ART Mol ded circuit packages using high performancgt JiN 34 t

di es,” which generate | arge anmounts of heat energy, nust have a neans of
spreadi ng the heat energy. Usually the <carrier board to which the circuit
die is attached nust 'performthis heat spreading function. U S. Pat. No.
5,635,671 to Freyman et al. describes a degating region having a nateri al

formed thereon chose h terial_in the degating region forns
a weak bond with thqu%§§%§5?2h9ﬁu§%gg'é?@&ﬁﬁﬁugipéFKﬂ B®scribe the used
of degating material such as gold so that wring traces nust be routed
away fromthe degating region. I 2 6 JAN 2004 U.S. Pat. No. 5,241,133 to
Mul len, 111 et al. describes a |leadless pad array chip carrier package
using an array of solder pads for the ball grid array.

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to the inclusion of heat

sinks in a molded circuit package.

(2) DESCRIPTION OF THE RELATED ART

Molded circuit packages using high performance
circuit dies, which generate large amounts of heat energy,
must have a means of spreading the heat energy. Usually the
carrier board to which the circuit die is attached must

perform this heat spreading function.

U.S. Pat. No. 5,635,671 to Freyman et al.
describes a degating region having a material formed thereon
chosen such that the material in the degating region forms a
weak bond with the encapsulant uSed. Freyman et al.
describe the used of degating material such as gold so that

wiring traces must be routed away from the degating region.



2 4 2 6 JAN 2004 SUMVARY OF THE | NVENTION As circuit per formance and
density increases, circuit packages require higher thermal performance in
order. to properly dissipate the heat generated by the circuits. In
_conventional packages this inproved thermal performance rec@Bridl &8trier
boards having extra layers to act as heat spreaders resulting in added
cost and loss of standardization. A cross section of a conventional nol ded
circuit ball grid array package is shown in Fig. 1. Acircuit die 12 is
bonded to the first syr rrier_board 10 using an epoxy bond 14.

%a ofdf cq g

Wre bonds 16 connect “the G rcdd >diély Apdt Foitptieyadd It etpals 18 on the
carrier boag i r gopneetd | | e joined to pads 20 on the
second surfgggrgPEEhg carr%%ﬁynﬂﬁgr8§r$ﬁeg%f?c?ﬁﬁrﬁﬁrépﬁ§§8ﬂﬁl%%%RP h a
nol ded encapsubgnbf 1dol @ PHALR L Qﬁepsskflg?rida rgrf%g,der to properly

di ssipate the heat generated by the. circui e the carrier board 10
must have sufficient performance, which usually neans extra layers in the

carricer board 10 will be required.




It is & principle objective of .this invention to provide a nethod of
formng a circuit package which does not require any thermal enhancenent

of the carrier boards. 3 2 6 JAN 2004 It is another principle objective of
this invention to provide a circuit package which does not regbiJd/ &y

t hermal enhancenent of the carrier boards. These objectives are achieved by
using a heat sink in the circuit package. The heat sink is placed over the
circuit die, but not in physical contact mﬁth the circuit - die, and held in

pl ace by the encapsul ation qahﬁ@ﬁﬁl S g enc sulate the circuit die.
I'n some enbodi ments standof f ePg i B T Nbrowde separation
between the heat sink and the circuit die. In other enbodi nents the heat
sink is tenporarily held in place as the encapsulation nmaterial is cured

and subsequently hel g idifhacegeR¥olhEncdr S dﬂﬂ%%&?“gﬁEkQQSQ@ter'al The

heat sinks may be exposed to the environment or e covered by a thin
| ayer of tWércuiitepackegsss yleguice habyRet athernaA @ei/ﬁNrﬁiQQéeBBiEfrder
DESCRIPTICN OF THE DRAW NGS
to properly dissipate the heat generated by the circuits.
In conventional packages this improved thermal performance
requires carrier boards having extra layers to act as heat
spreaders resulting in added cost and loss of

standardization.

A cross section of a conventional molded circuit
ball grid array package is shown in Fig. 1. lA circuit die
12 is bonded to the first surface of a carrier board 10
using an epoxy bond 14, Wire bonds 16 connect the circuit
die input/output pads to pads 18 on the carrier board.
Interconnection balls 22 are joined to pads 20 on the second
surface of the carrier board. The circuit die is enclosed
in a molded encapsulant 17 to complete the package. In
order to'properly dissipate the heat generated by the
circuit die 12 the carrier board 10 must have sufficient
performance, which usually means extra layers in the carrier

board 10 will be required.

It is a principle objective of this invention to
provide a method of forming a circuit package which does not

require any thermal enhancement of the carrier beards.




Fig. 1'shows a cross section view of a conventional nolded circuit
package. Fig. 2 shows a cross section view of a nolded circuit package of

this invention showi ng a heat sink covered by a thin |ayer Oflfﬂée%
encapsul ant and standoff nenbers hol ding the heat sink away 2e8orf ¥ et
circuit die. Fig. 3 shows a cross section view of a nolded circuit package
of this invention showi ng a heat sink exposed to the envirennent and
standof f menbers holding the heat sink away fromthe circuit die. Fig. 4
shows a cross section_view of a nolded circuit package of this invention
showi ng a heat sink Ebvi? edfkhear pisiinciajerobfectined cneapsul ant and cured

encapsulatiqgvgg£§5£a+0holdin the heat sink away fromthe <circuit die.
Fig. 5 shows a cross sectidhSh &wsf cqifopaekpoeiwhigiit doaskage of this

invention shawhfgeazhgatsSi d to the environnment and cured
encapsul ati on nater?gf hofﬁ#hf:pﬁgﬁﬁgg?gs?ﬁkuﬁﬁéV“?PﬁﬁlPﬂ%r@$rcuit die. 5
2 E JAN 2004 Fig. 6 shows a cross section of a two piece nold wused to form

a nolded circuit package of this invention
These objectives are achieved by using a heat sink

in the circuit package. The heat sink is placed over the
circuit die, but not in pPhysical contact with the circuit
die, and held in place by the encapsulation material used to
encapsulate the circuit die. 1In some embodiments standoff
members are used to provide separation between the heat sink
and the circuit die. In other embodiments the heat sink is
temporarily held in rlace as the encapsulation material is
cured and subsequently held in placed by the cured
encapsulation material. The heat sinks may be exposed to
the environment or may be covered by a thin layver of the

cured encapsulation material.




havi ng‘a heat sink covered by a thin |ayer of encapsulant and st andof f
menbers hol ding the heat sink away fromthe <circuit die. Fig. 7 shows a
cross section of a two piece nold used to forma nolded circuiigpagkage of
.this invention having a heat sink exposed to the environment and standoff
menbers hol ding the heat sink away fromthe circuit die. Fig. 8 shows a
cross section view of a two piece nold used to forma nolded circuit
package of this invention having a heat sink covered by a thin |ayer of
cured encapsul ant and vacuum chuck used to tenporarily hold the heat
sink in place during thgﬁﬂgﬁaﬁﬁﬁcﬁFB%%g%.Oﬁﬁ%fE PRYENESa” cross section view
of a two piece nold used to forma nolded circuit package of this
invention having a heat sink exposed to the environnment and a vacuum
chuck -used to tenpor ?!’i%t)ﬂ hohdld he hedls SEBK:bA ‘P:_é«?%éd ring the nolding
process. 6 2 8 JAN 2004 DESCRI PTI ON OF THE PREFERRED ODI MENTS Ref er now

to Figs. 2-denventdodadcmdpdedrcidfotite paerhgdli ments of the nolded circuit
package, having a heat sink formed therein, of this invention.

Fig. 2 shows a cross section view of a molded
circuit package of this invention showing a heat sink
covered by a thin layer of cured encapsulant and standoff

members holding the heat sink away from the circuit die.

Fig. 3 shows a cross section view of a molded
circuit package of this invention showing a heat sink
exposed to the environment and standoff members holding the

heat sink away from the circuit die.

Fig. 4 shows a cross section view of a molded
circuit package of this invention showing a heat sink
covered by a thin layer of cured encapsulant and cured
encapsulation material holding the heat sink away from the

circuit die.

Fig. 5 shows a cross section view of a molded
circuit package of this invention showing a heat sink
exposed to the environment and cured encapsulation material

holding the heat sink away from the circuit die.




Figs. 2 and 3 show the enbodi nent of the nolded circuit package using a
heat sink having standoff nenbers. Figs. 2 and 3 show a cross section of a

nol ded circuit package showing a circuit die 12 bonded to thes&iyst o
surface 31 of a carrier board 30, having a first surface 31 and a second
surface 33. The circuit die 12 is bonded using, for exanple, an epoxy bond
14 or the llike. Wre bonds 16 form electrical connections between the
circuit die and pads 18 on the first surface 31 of the carrier board 30.

I nterconnection balls 22 are joined to pads 20 on the second surface 33 of
the carrier board 30Fign 6hslsowshweniroes sheticarsf e theapd 2@ msigot relied
upon to spread the heat energy generated by the circuit die 12 and can be
a very siMifed Bafarnf e nekded aiplcnitopechage wof | thisr SnvEneibnrst ends of
each of a numher of standoff nenbers 36, each_ standoff menber 36 having a

first end Q9 ?eESﬁH %’_rf&i'f %Qf’tfrﬁdt Bh&d thént hyer dh@nsgpsatant7 of a
CTak io [nadt SRaxunes duldndle SRS ReoREa S50 MR S50 Bhe 12 with

sink is then place Irectly over circu W th
t he second ardsief ggach of the standoff nenbers 36 contacting the first

surface 31 of the carrier board 30.

Fig. 7 shows a cross section of a two piece mold
used to form a molded circuit package of this invention
having a heat sink exposed to the environment and standoff

members holding the heat sink away from the circuit die.

Fig. 8 shows a cross section view of a two piece
moid used to form a molded circuit package of this invention
having a heat sink covered by a thin layer of cured
encapsulant and a vacuum chuck used to temporarily hold the

heat sink in place during the molding process.

Fig. 9 shows a cross section view of a two piece
mold used to form a molded circuit package of this invention
having a heat sink exposed to the enﬁironment and a vacuum
chuck used to temporarily hold the heat sink in rlace during

the molding process.



The standoff nembers 36 fix the position of the heat sink 34 above the
circuit die 12 and provide separation between the <circuit die 12 and the

heat sink 34. The heat sink 34 has a high thernmal conductivitégaqﬁgiﬁ%
.usually formed of a netal, such as copper or alum num or othér Y 2 1y
conductive material. The heat sink 34 provides the function of spreading
the heat generated in the circuit die 12 so that the heat can be nore

~easily renmoved fromthe circuit package. The standoff nenbers 36 can be a

nmetal, such as coppe i her thermal |y conductive material.
The circuit package iéEg%%gééﬁﬁé;qgiﬁg# ghEFEﬁE%Bs%Wgﬁﬁiﬂ$NF§teriaI 32 such
as epoxy nol di ng conpound. Fig. 2 shows the case where the encapsul ation
material 32 covers the first surface 35 of the heat sink. Fig. 3 shows

the case where the enrapst|miw adb FRLRNLIT al 532,408 19t hg first
surface 35 of the heat sink 34 and the firstO su?}a061§3¥§§ ?%e ‘eat sink

34 is exposé&Bbpdimprts el timmentdedFicgscu it apskitagd)OWatAgseabgdipent of the
nol ded circuiL Eacka e using a heat sink wthout standof? menbers. Figs.
4 and 5 shof*B*ctB5Bedcehexitof of kblidetineéntiont. package showing a circuit

die 12 is bonded to the first 8

Figs. 2 and 3 show the embodiment of the molded
~circuit package using a heat sink having standoff members.
Figs. 2 and 3 show a cross section of a molded circuit
package showing a circuit die 12 bonded tb the first surface
31 of a carrier board 30, having a first surface 31 and a
second surface 33. The circuit die 12 is bénded using, for
example, an epoxy bond 14 or the like. Wire bonds 16 form
electrical connections between the circuit die and pads 18
on the first surface 31 of the carrier board 30.
Interconnection balls 22 are joined to pads 20 on the second
surface 33 of the carrier board 30. In this invention the
carrier board 30 is not relied upon to spread the heat
energy generated by the circuit die 12 and can be a very

simple board of, for example, one or two layers.

The first ends of each ofra number of standoff
membgrs 36, each standoff member 36 having a first end and a
second end, are attached to the second surface 37 of a heat
sink 34, having a first surface 35 and a second surface 37.

The heat sink is then placed directly over the circuit



2 6 JAN 2004 surface 31 of a carrier board 30, having a first surface 31
and a second surface 33. The circuit die 12 is bonded wusing, for exanple,
an epoxy bond 14 or the like. Wre bonds 16 form el ectri cal cohriddt Wons
“between the circuit die and pads 18 on the first surface 31 of the carrier
board 30. Interconnection balls 22 are joined to pads 20 on the second
surface 33 of the carrier board 30. In this invention the carrier board 30
is not relied upon to spread the heat energy generated by the circuit die
12 and can be a very sinple board of, for exanple, one or two |ayers. A
heat sink i4ipok? tvbHedhd sesohg ends ohecadh rafuithedstad@ofifidndmdetsi n pl ace
by cured enégpsulatiqn material 32. The cured encapsul ation material 32

fixes the pOsFYRRAFIGMG ABendArsEi srrBcapbl ©f fdec crERE 8T dhear® 38nd
provi des sepaLrati gﬁg he.gircuit, die 12 and the heat . sin g. The
encapsul ati on mt%?q a g%?ﬁ%g&g r3r§1t %Jr"i‘a h%l})c%s_lzc&s?neﬁ%xgl_lﬁo Hhd und.
The heat siakodd has @ deualh d&Beimn&%{&tdeV's%%aéaéi S dry th@r med of
a nmetal, such as copper or alumnum or other thermally conductive
material . Therdeat &ienkl234ngr eiédesat heidwinpt.i onnef hesprenst nin tag heat
generated in the circuit die 12 so that .the heat can be nore easily
renoved fropidhethgymali conductivity and is usually formed of a metal,

such as copper or aluminum, or other thermally conductive

material. The heat sink 34 provides the function of

spreading the heat generated in the circuit die 12 so that

the heat can be more easily removed from the circuit

package, The standoff members 36 can be a metal, sﬁch as

copper or aluminum, or other thermally conductive material.

The circuit package is encapsulated in an
encapsulation material 32 such as epoxy molding compound.
Fig. 2 shows the case wheré the encapsulation material 32
covers the first surface 35 of the heat sink. Fig. 3 shows
the case where the encapsulation material 32 does not cover
the first surface 35 of the heat sink 34 and the first
surface 35 of the heat sink 34 is exposed to the

environment.

Figs. 4 and 5 show the embodiment of the molded
circuit package using a heat sink without standoff members.
Figs. 4 and 5 show a cross section of a molded circuit

package showing a circuit die 12 is bonded to the first



package. Fig. 4 shows the case where the encapsulation material 32 covers
the first surface 35 of the heat sink 34. Fig. 5 shows the case where the
encapsul ation material 32 9 2 8 JAN 2004 does not cover the f?gsh[( ’\s%rface
35 of the heat sink 34 and the first surface 35 of the heat Sin

exposed to the environment. Refer nowto Figs. 6-9 for a description of
the enbodinents of the method of forming the nolded circuit package,
having a heat sink forned therein, of this invention. Figs. 6 and 7 show

t he enbodi nent of the nethod of formng the nolded circuit package using a
heat sink whirdTacet andoffa nexheiiesr Yoagd. 36, analvihg oWiastuppefao®| 3 secti on
42, haV|ng a first cavity 46 and a |lower nold section 40 having a second
cavity.. Aandr e eecbodreunirde 33 -acddei pirpelt sbicodd davbepded the | ower

nmol d section 40 with the second surface é%Bg thtg1 airrler oard 30
contacti ng ‘{S&é‘gI'O\fBF REPEPIRed GROXY. PR 1R W% 1% s BbhBed to the

first surf gs ;ﬁaﬁréféc& (r?q %%?n%}% déévie%% $He! 8¢fodit a
second sur ace 3 e CITrcul onded USI ng, or exanpl e, an
epoxy bond gy @rgkhes! bkeenN#& H0RUS £iBef 91 F the carrier board 30.
Interconnection balls 22 are joined to pads 20 on the second
surface 33 of the carrier board 30. In this invention the
© gcarrier board 30 is not relied upon to spread the heat

energy generated by the circuit die 12 and can be a very

simple board of, for example, one or two layers.

A heat sink is positioned directly over the
circuit die 12 and held in place by cured encapsulation
material 32. The cured encapsulation material 32 fixes the
position of the heat sink 34 above the circuit die 12 and
provides separation between the circuit die 12 and the heat
sink 34. The encapsulation material 32 is a material such
as epoxy molding compound. The heat sink 34 has a high
thexmal conductivity and is usually formed of a metal, such
as copper or aluminum, or other thermally conductive
material. The heat sink 34 provides the function of
spreading the heat generated in the circuit die 12 so that

. the heat can be more easily removed from the circuit
package. Fig. 4 shows the case where the encapsulation
material 32 covers the first surface 35 of the heat sink 34.

Fig. 5 shows the case where the encapsulation material 32



"el ectrical connections between the circuit die 12 and pads 18 on the first
surface 31 of the carrier board 30. Interconnection balls wll be forned
on the second surface 33 of the carrier board after the encapgulsi iomp has
been conpleted. In this invention the carrier board 30 is not relied upon
to spread the heat energy generated by the 10 2 8 JAN 2004 circuit die 12
~and can be a very sinple board of, for exanple, one or two |ayers. The
first ends of each of a nunber of standoff nmenbers 36, each standoff

- menber 36 having a first end and a second end, are attached to the second
surface 37 of a heat sink 34, having a first surface 35 and a second
surface 37.dodiendieatoveirnithesfihet phefeark A5 ft kjieOkedt tdinlcizacan die 12
with the second ends of each of the standoff menbers 36 contacting the
first surfabkebinsgt svefeger Beropothel Ismt sink Standotfposathdiost88 fix the
position of the heat sink 34 above the circuit die 12 and provide
separation PRYWERH e circuit die 12 and the heat sink 34. The heat sink
34 has a high thermal conductivity and is usually forned of a netal, such
as copper or alumnum or other thermally conductive material. The heat

sink 34 provides thegtaet heR 86 Figs. 6-9 for a description of the
embodiments of the method of forming the molded circuit
package, having a heat sink formed therein, of this

invention.

Figs. 6 and 7 show the embodiment of the method of
forming the molded circuit package using a heat sink with
standoff members.k Figs. 6 and 7 show an upper mold section
42, having a first cavity 46 and a lower mold section 40
having a second cavity. A carrier board 30 is placed in the
second cavity of the lower mold section 40 with the second
surface 33 of the carrier beoard 30 contactiﬁg the lower mold
section 40. A circuit die 12 is bonded to the fixst surface
of a carrier board 30, having a first surface 31 and a
second surface 33. The circuit die 12 is bonded using, for
example, an epoxy bond 14 or the like. Wire bonds 16 form
electrical connections between the circuit die 12 and pads
18 on the first surface 31 of the carrier board 30.
Interconnection balls will be formed on the second surface
33 of the carrier board after thé encapsulation has been
completed. In this invention the carrier board 30 is not

relied upon to spread the heat energy generated by the

10




spreading the heat generated in the circuit die 12. The standoff nenbers
can be a netal, such as copper or alum num or other thermally conductive
material. As shown in Figs. 6 and 7 the upper nold section 42 28 JsNazied
over -the I ower nold section 40 such that circuit die 12, wire bonds 16,

- pads 18, heat sink 34, and standoff nenbers 36 fit into the first cavity
46 of the upper nold section 42. Uncured encapsul ation material, such as
epoxy nol di ng conpound, is then injected into the first 11 2 6 JAN 200x+

cavity 46 of the upper section 42 of the nold thr%y thgg FoLd runner 44
until the ficistuthivitiy Ub ang fap Bg & YHY PEfOon Thterial. Fig. 6

shows the case where there is space between the first surface 35 of the
heat = si nk 3@xawalﬁhe°%%u9r<ﬂWQf¥§Y3FFst cavity 46 of the upper nold section
42. This. wll forma circuit package with cured encapsul ation materi al
covering the first surface 35 of the heat sink 34. Fig. 7 shows the case

where there is no spaggebeimaendaie off bhsh ofird aoai@s of shandedf sink 34

and the top of the first cavity 46 of the upper nold section ézangh;s will

forma circyehpRaekage whéh stamiofed menbapsd$ davindnit eArgt e
second end, are attached to the second surface 37 of a heat
sink 34, having a first surface 35 and a second surface 37.
. Phe heat sink is then placed directly over the circuit
die 12 with the second ends of each of the standoff members
36 contactiﬁg the first surface 31 of the carrier board 30.

L The standoff members 36 fix the position of the heat sink 347
ébove the circuit die 12 and provide separétion between the
circuit die 12 and the heat sink 34. The heat sink 34 has a
high thermal conductivity and is usually formed of a metal,
such as copper or alumiﬁum, or other thermally conductive
material. The heat sink 34 provides the function of
spreading the heat generated in the circuit die 12. The

standoff members can be a metal, such as copper or aluminum,

or other thermally conductive material.

As shown in Figs. 6 and 7 the upper mold section
42 is placed over the lower mold section 40 such that
circuit die 12, wire bonds 16, pads 18, heat sink 34, and
standoff members 36 fit into the first cavity 46 of the
upper mold section 42. Uncured encapsulation material, such

as epoxy molding compound, is then injected into the first

11



covering the first surface 35 of the heat sink 34 and the first surface 35
of the heat sink will be exposed to the environnent. The encapsul ation
material is then cured and the circuit package is renoved framdme B d.
Cured encapsulation material 32 holds the heat sink 34 and standoff
menbers 36 in place. Figs. 8 and 9 show the enbodi nrent of the nethod of
frormng the nolded circuit package using a heat sink w thout standoff
“menbers. Figs. 8 and 9 show an upper nold section 42, having a first
cavity 46 and a | ower nold section 40 having a second cavity. A carrier

board 30 is d, ha, endgeaviby of dhecheoweddrbhrowdtiihén 40 with
t he second fgbggg 3%&31{2005 Z%(ri)f ace 33 of the carrier board_30 contacting

the |ower nplelg $65héPMAQntAICitheuifixat ecavity 4origeditbed it rst surface
of a carrier board 30, having a first surface 31 and a second surface 33.
The circuit edicapddlasidomnadeenigiling, for exanple, an epoxy bond 14 or the
like. Wre bonds 16 form electrical connections between the circuit die
and pads 18 on the first surface 31 of the carrier board 30.

| nterconnection ballscyil | bg for T aRsknfnsseontb aukaaespadeof the
carrier board after thedentapsulation has been

between the first surface 35 of the heat sink 34 and the top
of the first cavity 46 of the upper mold section 42. This
will form a circuit package with cured encapsulation
material covering the first surface 35 of the heat sink 34.
© ¥ig. 7 shows the case where there is no space between the
first surface 35 of the heat sink 34 and the top of the
first cavity 46 of the upper mold section 42. This will_
form a circuit package with no cured encapsulation material
'covering the first surface 35 of the heat sink 34 and the
first surface 35 of the heat sink will be exposed to the
environment. The encapsulation material is then cured and
the circuit package is removed from the mold. Cured
encapsulation material 32 holds the heat sink 34 and

standoff members 36 in place.

Figs. 8 and 9 show the embodiment of the method of
forming the molded circuit package using a heat sink without
standoff members. Figs. 8 and 9 show an upper mold section
42, having a first cavity 46 and a lower mold section 40
having a second cavity. A carrier board 30 is placed in the

second cavity of the lower mold section 40_with the second

12




conpleted. In this invention the carrier board 30 is not relied upon to
spread the heat energy generated by the <circuit die 12 and can be a very
sinmple board of, for exanple, one or two |layers. A heat sink 34 UdNpllgiced
in the first cavity 46 of the upper nold section 42. The heat sink 34 nust
be tenporarily held in place and in this exanple a vacuum chuck 48 is
used for that purpose. The tip of the vacuum chuck 48 is placed agai nst
the first surface 35 of the heat sink 34 and the interior of the vacuum

chuck 48 i sspvrieatsed oihengbyahel di g e 36eabnthokif tHe Rbaes: n g" the
vacuumin the vacuum chuck is released the vacuum chuck rel eases the heat
sink and caedidoredovedhr Altednatdieellp tisebonlgd cosll thd & irswr Badraesi de

down and gravity used to hold the heat sink in place. 13 2 6 JAN 2004 As
shown in Figfs.a FagFdeg bhardidG: heligigsecfivat s@cfacd 1%dn apdaeed directly
over the | ower | d section 40 and positioned such that the heat sink is
posi ti oned %@&?ﬁﬁé@&? Phe ciiefiircdis f2eahd indudedumusiage 0¥ wire

o ey MR g 09 R AT 28!S h St neddd B 4 O
electrical connections between the circuit die and pads 18
on the first surface 31 of the carrier board 30.
Interconnection balls will be formed on the second surface
33 of the carrier board after the encapsulation has been
completed. In this invention the carrier board 30 is not
relied upon to spread the heat energy generated by the

circuit die 12 and can be a very simple board of, for

example, one or two layers.

A heat sink 34 is pléced in the first cavity 46 of
the upper mold section 42. The heat sink 34 must be
temporarily held in place and in this example a vacuum chuck
48 is used for that purpose. The tip of the vacuum chuck 48
is placed against the first surface 35 of the heat sink 34
and the interior of the vacuum chuck 48 is evacuatéd %hereby
holding the heat sink 34 in place. When the vacuum in the
vacuum chuck is released the vacuum chuck releases the heat
sink and can be removed. Alternatively the mold could be

turned upside down and gravity used to hold the heat sink in

place.

i3



34 has a hi gh thermal conductivity and is usually formed of a netal, such
as copper or alum num or other thermally conductive matéridl. The heat
sink 34 provides the function of spreading the heat generatedZ2itnJAtenn;
circuit die 12. Uncured encapsul ation material, such as epoxy nol ding
‘conpound, is then injected into the first cavity 46 of the upper section
42 of the fold through the nold runner 44 wuntil the first cavity 46 is
filled with encapsulation material. Fig. 8 shows the case where there is a

space between the fﬁgghmrgﬁg éé'sgégéi%&g%hggg%tﬁﬁo?%%émohop of the

first cavity 46 of the upper 'S rma circuit

package W 4P ciregereiaRed airept1yBdwdd alheL aRerNgoi #esdddidn 9o face 35 of
the heat sink 34. Fig. 9 shows the case where there is no space between

the firstasdrpecetidnedf sulbh beat Bhakhaddk arichkt he popivifoddd® first cavity
46 of the upper nold section 42. This will forma circuit package with no-
cured encaPiteaElbreven dhpakcirgaierding thang the sireate &% d2.t he heat

sink 34 and.the 14.2 6 JAN 2004 first surface 35 of _the heat sink will be
exposed towf"ﬁ%eb%‘mﬁ r]rﬁ"lrréﬁf‘.g Bpgs e#i*ap?’tﬂ 5% ShBkert af 1T S %e B eur ed, the

first cavity 46 of the upper mold section 42. The heat sink
34 has a high thermal conductivity and is usually formed of
a metal, such as copper or aluminum, or other thermally
conductive material. The heat sink 34 provides the function
of spreading the heat generated in the circuit die 12.
Uncured encapsulation material, such as epoxy molding
compound, is then injected into the first cavity 46 of the
upper section 42 of the mold through the mold runner 44
until the first cavity 46 is filled with encapsulation

material.

Fig. 8 shows the case where there is a space
between the first surface 35 of the heat sink 34 and the top
of the first cavity 46 of the upper mold section 42. This
will form a circuit package with cured encapsulation I
material covering the first surface 35 of the heat sink 34.
Fig. 9 shows the case where there is no space between the
first surface 35 of the heat sink 34 and the top of the
first cavity 46 of the upper mold section 42. This will

form a circuit package with no cured encapsulation material

covering the first surface 35 of the heat sink 34 and the
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vacuum chuck renoved, and the circuit package is renoved fromthe nold.
The cured encapsul ation material 32 holds the heat sink in place.
Injection nolding is described in U S. Pat. No. 5,635,671 to Freyman et
al. and is incorporated herein by reference. U S. Pat. No. 5, 28MANG#H04o
Mul len, 111 et al. describes the formation of solder pads as part of a
ball grid array an is incorporated herein by reference. Wile the

i nvention has been particularly showmm and described with reference to the
preferred enbodi nents thereof, it will be understood by those skilled in

the art ; i i erMbt hout
Hopar 11 TSt SRHLAE, $5008 e e B LA FLE b8, BRNogEa G el Dooa

CLAI VB lonS PELROG: OF FORET &9c8p&h 1541 bn PRskaseal COBPERER NGUred] O¥hEi NY a
carrier board having a first surface, a second surface, and a circuit die

bonded tgasakfl dhvick Sembeee, Qhdsehd eartuet paskdgewhereemoekdctrica
connection between said circuit die and said carrier board is acconplished
usi ng wirem bomeshopd ovi Thagoard@atnsapkubatiog matersalsdifhoddsa second

the heat sink in place.

Injection molding is described in U.S. Pat. No.
5,635,671 to Freyman et al._and is incorporated herein by
reference. U.S. Pat. No. 5,241,133 to Mullen, III et al.
describes the formation of solder pads as part of a ball

grid array an is incorporated herein by reference.

While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.
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surface, and edges; providing a nunber of standoff nenbers wherein each
said standoff nenber has a 'first end and a second end and said first end
of each said standoff nmenmber is attached to said second surfadt Qnsapd
heat sink; placing said heat sink directly over said circuit die so that
sai d" second end of each said standoff nmenber contacts said first surface
of said carrier board, wherein said-standoff nenbers do not physically
-contact said circuiit die and said standoff nenbers prevent physical
contact betwsBaIMai d heat sink and said circuit die; and placing

encapsul ation material over said circuit die,. over said standoff nenbers,
bet ween saild & methedde® forkingniad ciecunt package, afompaigiheat sink, and
over said edges Pusfvighing heatamtide bharddedEidpd ofiHeaighdpher gin said

encapsul at igyedmd ehl¢acd S placed. over said fjrst syrface of said heat
sink. 3. The nethod of © 'ai%cﬁoav\hcelfrecfunltséﬁc? ﬁ:ingﬂ[e S 8¢ bt gty surdqpce
sink is fré&F fishihEHamhnand ovheten allectiizad bAN2®4 ob bERGRt hod

of cl ai m 1 ssher eiirdditd FAGENRD S ion material .over. sai.d
circuit di gy aver said cBIGHS WAL d Ao 12%ea using

providing a heat sink having a first surface, a second
surface, and edges;

providing a number of standoff members wherein each
said standoff member has a first eﬁd and a second end and
said first end of each said standoff member is attached to
said second éurface of said heat sink;

placing said heat sink directly over said circuit die
so that said second end of each said standoff member
contacts said first surface of said carrier board, wherein
said standoff members do not physically contact said circuit
die and said standoff members prevent physical contact
between said heat sink and said circuit die; and

placing encapsulation material over said circuit die,
over said standoff members, between said circuit die and
said second surface of said heat sink, and over said edges

of said heat sink.

2. The method of claim 1 wherein said encapsulation material

is also placed over said first surface of said heat sink.

3. The method of claim 1 wherein said first surface of said

heat sink is free of said encapsulation material.
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‘standoff nenbers, between said circuit die and said second surface of said
heat sink, and over said edges of said heat sink further conprises:
providing an upper nold section having a first cavity; . providiZziigJan|zmer
nol d section having a second cavity; placing said carrier board into said
second-cavity of said |ower nold section after placing said heat sink -
directly over said circuit die so that 'said second surface of said carrier
board contacts said | ower nold section; placing said upper nol d section
over said lowShensiethodcef oplaim thathezsin pridPEaRANg SPdddirect |y over
said circuit die_and said heat sink; ngur ed enca glatlon

t
material i rﬂ"c?a?él“&atFPPs‘PaE%’r?Jy %’@rsé:agl‘iﬁgb%?‘ghﬁ el FOnF tUring said -
encapsul at QN Rl idhhe P00 SENRIDL-50! €1 1BREL @PA%&%E%faaanséeén&al d | over

mol d ~ sect i 0% on1sa cafrler oar said circult sai d heat sink,
and sai d cuhRYLRACARSYLAEI QBB /IN, aland5 ovERes s hathe®f oF abfnlnudier ein

sai d encapsul ation nmaterial is epoxy nol di ng conpound. 6. The net hod of
clai m 1 wheyieik saitdebeabmpiided s copper. 17 2 6 JAN 2004
providing an upper mold section having a first cavity;
 providing a lower mold section having a second cavity;
placing said carrier board into said second cavity of
said 1ower.mold section after placing said heat sink
directly over said circuit die so that said second surface
of said carrier board contacts said lower mold section;
placing said upper mold section over said lower mold
section so that said first cavity is directly over said
circuit die and said heat sink;
injecting uncured encapsulation material into said
'first cavity of said upper mold section;
curing said encapsulation material; and
removing said upper mold section and said lower mold
section from said carrier board, said circuit die, said heat

-

sink, and said cured encapsulation material.

5. The method of claim 1 wherein said encapsulation material

is epoxy molding compound.

6. The method of claim 1 wherein said heat sink is copper.
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7. The method of claim1 wherein said heat sink is aluninum 8. The nethod
of claim1 wherein said standoff nenbers are copper. 9. The nethﬁJQRJBMaim
| wherein said standoff nenbers are alum num 10. A nethod of foarmng a
circuit package, conprising: providing a carrier board having a first
surface, a second surface, and-a circuit die bonded to said first surface
of said carrier board, wherein electrical connection between said circuit
die and said carrier board is acconplished using wre bonds; providing a

heat sink havi 0Be améiisd oHUChaER, 1 mBELI sa3\d hase s 2K féi%gmihhm.
provi di ng an upper nold section having a first cavity;, providing a |ower

nmol d section having a second cavity; placing said carrier board into said
second cavity of .said |l ower nold section so that said second surface of
said carri 8 Boearmetdmd aft clsindl | Wvereimlsdigestandof P rmankibingg agreans to
tenporarily hold said heat sink in said first cavity of said upper nold
section; pl S8PR said heat sink in said first cavity of said upper nold
section using said neans to tenporarily hold said heat sink in said first
cavity of said upper nold section;

9. The method of claim 1 wherein said standoff members are

aluminum.

10. A method of forming a circuit package, comprising:

providing a carrier board having a first surface, a
second surface, and a circuit die bonded to sgaid first surface
of gaid carrier board, wherein electrical connection between
said circuit die and said carriex board is accomplished using
wire bonds; )

providing a heat sink having a first surface, a second

surface, and edges; .
providing an upper mold section having a first cavity;

. providing a lower mpld section having a second cavity;

placing said carrier'board into said second cavity of
said lower mold section so that said second surface of said
carrier board contacts said lower mold section;

providing means to temporarily hold séid heat s{nk in
said first cavity of said upper mold section; -

placing said heat sink in said firét cavity'of said
upper mold section using said means to temporarily hold said

heat sink in said first cavity of said upper mold section;

is




18 2 6 JAN 2004 pl acing said upper nold section over said |ower nold _
section so that gaid first cavity is directly over said C|n:|gJQNQmMsald
heat sink is directly over said circuit die, said second surface of said
heat sink faces said first surface of said carrier board, and said nmeans
to tenporarilyPRECdNgaishiheappsi nold ssat o stveavishYdofl csald wpper ol d
section revents said heat sink from physically contacting said circuit
die; inj egtei‘:ﬁdoﬁnc%ﬁ edhaficaprid afilewtmacayiay iist cdsdak Ty rsvercaviiy of
sai d upper,.nopl d_section.. cyring said encapsul ation natgrla[;_apd removi ng
sai d uppeFlﬁSFﬁtsgﬁ?icﬁﬁﬁéi oS §iPbwéE iﬁ¥%ﬂ§§é@f§@hSﬁngnpﬁgggzﬁ?ii?gg
saiLd.gi | ' sai d heat ink, and said cured e .

Prg? re(rjl al : :ehge%%/g%%? gél%ﬁfraec Ognggbguﬁﬁﬁo‘ﬁ”ﬁﬁtf?qefl Sﬁéﬁdgigﬁwlﬁﬁcig |mc<i

i tl e i i i i e 1, The net clai m, e . _
glu;gg e%cggsﬁ?gféi %\rﬁéxfelﬂro%éﬁ’cg\l}érgaéai 15 %to GFPREBTBLY st sk si nk.

- i i i f f i.d heat sink is
12. The nnéaadgmhwﬂfar@é&ﬁ“@@két”dﬁﬂ%ﬁﬁféﬁégéﬂﬁeﬁﬁg?ﬁog% ! Senthom

free of said cured encapsulatlon mat e
wher ei n spreventapssdid | Gldat sink from physically contacting said

circuit die;

injecting uncured encapsulétion material into said first
cavity of said upper mold section.

curing said encapsulation material; and

removing said upper mold section and said lower mold
section from said carrier board, said circuit die, said heat
sink, and said cured encapsulation material whereby said cured

encapsulation material holds said heat sink directly over said

circuit die.

11. The method of claim 10 wherein said cured encapsulation

material covers gaid first surface of =aid heat sink.

12. The method of claim 10 wherein said first surface of said

heat sink is free of said cured encapsulation material.

13. The method of claim 10 wherein said encapsulation

material is epoxy molding compound.

i4. The method of claim 10 wherein said heat sink is copper.
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naterlal I s epoxy nol di ng conmpound. 14. The nethod of claim 10 wherein said
heat sink is copper. 19 2 6 JAN 2004 15. The nethod of claim 10 W?gaﬁ;§4
said heat sink is alumnum 16. The nmethod of claim 10 wherein é% %

te tenporarily hold said heat sink in said first cavity of said upper nold
section conprises a vacuum chuck. 17. A circuit package, conprising: a
carrier board having a first surface, a second surface, and a circuit die
bonded to said first surface of said carrier ‘board, wherein electrica
connection between said circuit die and said carrier board is acconplished-

using W g bepds medndd e Afist A YHerBIM &3 RIS B i8ACH &St andof f -

menber has a flrst end and a second end; a heat sink having a first
surface, sgauadeed surface, and edges, wherein said heat sink is, placed
directly over said circuit die, said first end of each said standoff
menber is attached to said second surface of .said heat sink,, and said
second end of each said'standoff nenber contacts said carrier board’
t hereby pe6eveahie ng things iofalcladantidc wheataime sadd chelamat t0 rdenpuodt:agdi 1oy
circuit die; and

hold said heat sink in said first cavity of said upper mold

section comprises a vacuum chuck.

17. A circuit package, comprising:

a carrier board having a first surface, a second surface,
and a circuit die bonded to said first surface of said carrier
board, wherein electrical connection between said circuit die
and gaid carrier board is accomplished using wire bonds;

a number of standoff members wherein each standoff member
hag a first end and a second end;

a2 heat sink having a first surface, a second surface,
and edges, wherein said heat sink is placed directly over
said circuit die, ‘ said first end of each said
standoff member is attached to said second surface of said
heat sink, and said second end of each said standoff member
contacts said carrier board thereby preventing physical
contact between said heat sink and said circuit die; and

cured encapsulation material formed over said circuit
die, over said standoff members, between said circuit. die

and said second surface of said heat sink, and over said

edges of said heat sink.
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cured encapsul ation material forned over said circuit die, ove? Siég(
standof f nmenbers, between said circuit. die and said second su @a G
sai'd heat sink, and over said edges of said heat sink. 20 2 6 JAN 2004 18.
The circuit package of claim 17 wherein said cured encapsulation materi al
is also forned over said first surface of said heat sink. 19. The circuit
package of claim 17 wherein said first surface of said heat sink is free
of said cured encapsulation material. 20. The circuit package of claim 17
wherein ‘sai d encapsul ati on material is epoxy nol ding compound. 21. The
circuit package of claim 17 wherein said heat sink is copper. 22. The
circuit gacka e of claim17 wherein said heat_sink is aluninugl 23. The

circuit pack SFrERLF nPavkaBer eEnciai® Lf aWBBF e HefBifsCRF€9copper. 24.

The circuit packa of c] ai 7.wherein_said,standoff. ers are alum num
21 enca sufa :Fon mal:erar.nai 18 aiso formed over salge%rs%

surface of said heat sink.
19. The circuit package of claim 17 wherein said first
surface of said heat sink is free of said cured

encapsulation material.

20. The circuit package of claim 17 wherein said

encapsulation material is epoxy molding compound.

21. The circuit package of claim 17 wherein said heat sink

is copper.

22. The circuit package of claim 17 wherein said heat sink

is aluminum.

23. The circuit package of claim 17 wherein said standoff

members are copper.

24. The circuit package of claim 17 wherein said standoff

members are aluminum.
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2 6 JAN 2004 25. A circuit package, conprising: a carrier board having a
first surface, a second surface, and a circuit die bonded to gey Gl io6mt
surface of said carrier board, wherein electrical connection Detween sai
circuit die and said carrier board is acconplished using wire bonds; a
heat -sink having a first surface, a second surface, and edges wherein said
" heat sink is placed.directly over said circuit die; and cured
encapsul ation naterial forimed over said circuit the, between said circuit
die and said second surface of said heat sink, and over said edges of :
sai d heat »&i n ls i re | ation material prevents physica
cont act bg?ﬁeéhwggﬁglﬁegifgﬁﬁ%'gﬁﬁﬂéggﬁygﬁrcuit die. 26. The circuit
package of cl aPmZ8nilgar doarshildhivdiced EGaRs Whatd mgt eri.al 4 s also
formed ovendsa @ifdicusl %H%f%%%d%%'%%idah at,sih%&aggfn%hgegppguFPr5§€%age'
of claimg3 wherein said first Sur ac& fdrgthenrtacakofsshidecatriaid
cured encapsufat FORTRatefilectrigalThonpiectich packags ahig! ak mgp. WhgLei n

said encapdubatidoraratietri Bbakg %Oé)éc%bﬁﬁgﬂeﬁoﬂggﬁgdmre bonds;
a heat .sink having a first surface, :
and edges wherein said heat 8ink is place

said circuit die; and

a second surface,
d directly over
cured encapsulation matérial formed over said circuitr
die, : between said circuit die
and said second surface of said heat sink, and over saigd
edges of said heat sink wherein said cured éncapsulation
material prevents physical contact between said heat sink

and said circuit die.

26. The circuit package of claim 25 wherein said cured
encapsulation material is also formed over said first

surface of said heat sink.
27. The circuit package of claim 25 wherein said first
surface of said heat sink is free of said cured

encapsulation material.,

28. The circuit package of claim 25 wherein said

éncapsulation material is epoxy molding compound.

29. The circuit package of claim 25 wherein said heat sink

is copper.
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29. The circuit package of claim 25 wherein said heat sink is copper. 22 2
6 JAN 2004 30, The circuit package of claim 25 wherein said heat sink is
al um num 23 26 JAN 204

30. The circuit package of claim 25 wherein said heat sink

is aluminum.
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