SPECIFICATION ENHANCED THERMAL DISSIPATION BALL GRID ARRAY PACKAGE
CROSS-REFERENCE TO RELATED APPLICATION [1] This application claims priority to, and the
benefit of, U.S. Provisional Patent 5 Application entitled, "Enhanced Thermal Dissipation Ball Grid
Array Packag®® H0iH§°Serial No. 61/040,251, filed on March 28, 2008, MW?W@B?W@ted by
reference in its entirety. This application also claims priority to, and the benefit of, U.S. Patent
Application entitled, "Enhanced Thermal Dissipation Ball Grid Array Package," having Serial No.
12/365,101, filed on February 3, 2009, which is incorporated by reference in 10its entirety.
BACKGROUND OF THE INVENTION 1.Field of the Inventions [2] The invention relates generally to
semiconductor packaging and specifically to improving heat dissipation within a semiconductor chip.
152.Background Information [3] Heat dissipation is essential in semiconductor chips. In the extreme, if
a semiconductor chip is allowed to get to6 Rai it cRhdarmagethe chip. Even outside of this extreme
semiconductor chips are designed to operate within a particular temperature range. In order to

maintain a chip withitnits, epeatRE:IeMREBIYEEIBNBRA BALL GRID ARRAY PACKAGE
CROSS-REFERENCE TO RELATED APPLICATION

[001] .This application claims priority to, and the benefit of, U.S. Provisional Patent
S Application entitled, “Enhanced Thermal Dissipation Ball Grid Array Package,” having
Serial No. 61/040,251, filed on March 28, 2008, which is incorporated by reference in
its entirety. This application also claims priority to, and the benefit of, U.S. Patent
Application entitled, “Enhanced Thermal Dissipation Ball Grid Array Package,” having
Serial No. 12/365,101, filed on February 3, 2009, which is incorporated by reference in

10 its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Inventions
[002] The invention relates generally to semiconductor packaging and
specifically to improving heat dissipation within a semiconductor chip.

15 2. Background Information
{003} Heat dissipation is essential in semiconductor chips. In the extreme, if a
semiconductor chip is allowed to get too hot it can damage the chip. Even outside of
this extreme semiconductor chips are designed to operate within a particular

temperature range. In order to maintain a chip within its operating temperature range,
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heat must be drawn away from the chip. As chips become higher performance. they pose a greater
challenge as they consume more power and generate more heat. [004]FIG. IA illustrates a basic
semiconductor chip package in cross-section. FIG. | B is a close up view of semiconductor chip
package 100MPMBUIABE noted that 5 all figures in this disclosure are coféSptifaltEpiEsantations and
components contained in these diagrams are not necessarily to scale. The figures are presented to
illustrate the aspects and embodiments related to the present invention and should not be taken to be
limiting. [005] 10comprises some sort of electrical or optical interface. In FIGS, IA and IB this is
depicted by ball grid array (BGA) 104. Functional die 102 is semiconductor substrate which has
undergone a series of etching and deposition steps to fabricate circuitry upon the semiconductor
substrate. The f2BtiEstE ety then diesdimtdsmiipiderbaiesishireténdetosiane used to

connect various bond agls qén }‘unctional_die 102 to BGA 15 104. Finally, wire bonds 106 and
SAEL A B DRCHSY B MSURS P OB \FHIRH §5aFT#e Are pety mold compound.

functional die 1853%? encas

Examples of theggagkage magrial Ngde.cpasiesorese And areolien inection.majded. [0061In

. . : tion. .
order to dissipate heat in chip 100, heat is conducted away from tiorial die o the outside

environment thieagh packegecmateeialtQ8n #bhigh 2 Qe Wak ARNRAICNS RAGKAGEMaterial 108 can
be attached to an external heat sink and in the extreme the heat since could even be coupled to an

electric fan SHoweétierrdoinrebishitheheatsimkctipeheagris firstidrawwid thnaughritbeqgpankage material. To
this end previous
these diagrams are not necessarily to scale. The figures are presented to illustrate the
aspects and embodiments related to the present invention and should not be taken to be
limiting.
[G03] Beyond semiconductor functional die 102, the semiconductor chip
10 comprises some sort of electrical or optical interface. In FIGS. 1A and (B this is
depicted by ball grid array (BGA) 104. Functional die 102 is semiconductor substrate
which has undergone a series of etching and deposition steps to fabricate circuitry upon
the semiconductor substrate. The fabricated substrate is then diced into individual dies.
Wire bonds 106 are used to connect various bond pads on functional die 102 10 BGA
15 104, Finally, wire bonds 106 and functional die 102 are encased by package material
108, which can be an epoxy mold compound. Examples of the package material include
epoxies or resins and are often injection molded.
[606] In order to dissipate heat in chip 100, heat is conducted away from
functional die 102 to the outside environment through package material 108. In high
20 power applications, package material 108 can be attached to an external heat sink and in

the extreme the heat since could even be coupled to an electric fan. However, 10 reach

the heat sink, the heat is first drawn through the package material. To this end previous



‘solutions have used more expensive mold compounds for the package material having a higher
thermal conductivity (e.g. 3 W/mK instead of the standard 1 W/mk). However, in addition to the
expense, these mold compounds are less reliable, and are more difficult to use in the transfer molding
operation. [7] FIG. 2A illustrates a semiconductor chip where an internal heat spreader is used to aid
in the dissipation of heat. Heat spreader 202 typically comprises a metal such as copper for
conducting he t SRR MG TRAG FEPERE 0RO 6oRRANPIR doft 1B PHEaBniB BRIBHIEQed by package

material 108 et%(re%gefuglcti%gg&gil? 02 go\pﬁaj%?gsttgaadd%rtgg%wldggtlsw&ak er 0202 can then conduct
Bpicaiy {06 témal

the heat off thé Ip anas” pica e eﬁ'osed he air (or external environ enf}’?"f’é] BIG. 2B illustrates

the use of a dymmy.diede inRrVeHherma dissibaian.d eiedysndhadisiancs hatheat is conducted,

dummy die 204 is placed on top of functional die 102 putting it in closer thermal proximity to the heat
spreader 202 +Owsnimyheliean4r isdypigalpeatdie segmented from an unfabricated silicon substrate. [9]
Other chip configurations such as cavity-down or flip chip packages have also be been employed.
However, thed80¢bnfiguratidfis Hrellmstretssn orariesphrgivehin fastreheyngrmal hoateifivedtimes more
expensive to manufacture. Accordingly, various needs exist in the industry to address the

aforementiondd et B d SHerion PACRS. JOMVIRIRASY BOF TRVEN PRORFSO8AEELording to a first

aspect, there is provided.a semiconducter package, comprizing:,a semigonductr die faving a
fabricated patfern ShdBon pads; a heat Spreader; an a thermal adhesive betwaen the

semiconductogdle, 9dns ealane s heieinhadheimakhesin adheres e gemiconductor

die and the heat spreader and conducts heat from the semiconductor die to the heat spreader.
[009b]Accordiggdaia serancaspadt: ereaistpen isiada e migorflurioripaakage siesmprising: a
fabricated semiconductor die having a fabricated pattern and bond pads; a dummy semiconductor die
placed on top efthedabicatetbservivehdwowrdie) a heat spreader placed on top of the dummy
semiconductor die; and a first thermal adhesive between the dummy semiconductor die and the heat

spreader: whef& the firsttfér Honesodadrrrte HEay AR LERHEBAYTRE the and the heat

spreader and ¢cond cts(?eat rom,the.dum icondyctor.die to the heat spreader and wherein the
oy s B e e Accanding to &

third aspect, thergda RIOVIdES & MRS RARKRING A [ARAIGAIRA SeLANdMCIaL 8t comprising:
applying a first thermal adhesive between the fabricated semiconductor die and a heat spreader,
wherein the thetmakaihesivetypically a die segmented from an unfabricated silicon substrate,

[009] Other chip configurations such as cavity-down or flip chip packages have

also be been employed. However, these configurations are much more expensive in fact

they are two to five times more expensive to mamifacture. Accordingly, various needs

exist in the industry to address the aforementioned deficiencies and inadequacies.

SUMMARY OF INVENTION

[009a] According to a first aspect, there is provided a semiconductor package
comprising: a semiconductor die having a fabricated pattern and bond pads; a heat
spreader; and a thermal adhesive between the semiconductor die and the heat spreader;
wherein the thermal adhesive adheres the semiconductor die and thé heat spreader and

conducts heat from the semiconductor die 1o the heat spreader.



[010]In a semiconductor chip, a thermal adhesive is used to bond an internal heat spreader to an
active functional die. In an alternative embodiment a dummy die is place directly on top of the active
functional die and a thermal adhesive is used to bond an internal heat spreader to the dummy die. This
provides a direct and relatively low thermal conductivity path from the heat source, i.e., the functional
device to the top of the package, that is, the internal metal heat spreader which is also exposed to the
air. 5 [011] Ohbbystemsametinos, deatuné asmad thdvantageddkthengresianidisciogiere will be or
become apparent to one with skill in the art upon examination of the following drawings and detailed
description. Itdenatishded draicalt &k wadisnaishstams fehatrsddafsaassoaddaiivantages be -

included within this description, be within the scope. of the present disclosure, and be protected by the
accompanyind“ THela Y CHIRE R SERARIP PIORP (3&tl§F?ﬁ\el?KWﬂE§§efi’ﬁ?‘ﬁ‘é%‘§f§%eacge f the disclosure

can be better ””9%&%%8&%&? t%ef%ﬁ%ﬂ%%&%ﬁgzes%‘%ﬂ%ﬂﬁ“%t%zﬂ@[‘9§d %FH%I&%F%&EAOJ“G drawings

Spri ¢ . .
are not necesé’arﬁy to scale. emphasis instead being placed upon clearly illustrating the principles of

the present 15digclasuresMarequsbiibe drwings. e rsiermpsanungralsmiasignate corresponding
parts throughout the several views. [13] FIGS. IA and | B illustrates a basic semiconductor chip
package in credis:sectidieref1idd HlBmP Acillisstratasralisemicbntectoreidip paCkageawese an internal
heat : _
from the dummy semiconductor die to the heat spreader and wherein the dummy

semiconductor die conducts heat from the fabricated semiconductor die.

[009¢] According to a third aspect, there is provided a method of packaging a
fabricated semiconductor die comprising: applying a first thermal adhesive between the

fabricated semiconductor die and a heat spreader, wherein the thermal adhesive.

[010] In a semiconductor chip, a thermal adhesive is used to bond an internal

heat spreader to an active functional die. In an alternative embodiment a dummy die is
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20spreader is used to aid in the dissipation of heat; [15] FIG. 2B illustrates the use of a dummy silicon
die to improve thermal dissipation; [16] FIG. 3 illustrates the first embodiment of a semiconductor chip

ackage withj at dissipation; and 5[017]FIG. 4 illustrates the second embadiment of a
Eemicgnducm%gé%%: age with improved heat dissipation. DETAILED 5@%@%*?&??2[18] A
detailed description of embodiments of the present invention is presented below. While the disclosure
will be described in connection with these 10 drawings, there is no intent to limit it to the embodiment
or embodiments disclosed herein. On the contrary, the intent is to cover all alternatives, modifications
and equivalents included within the spirit and scope of the disclosure as defined by the appended

claims. [19] FIG, 3 illustrates the first embodiment. As in the prior art, semiconductor 15 chip package
e 40 B ST (AM 508 CRiD Pat ke 30 further

300 comprises functional die , wire ‘pond _ _ _ I _
comprises intergaliedteRLarger.308 HaneNer, el adhasive 31015, apRliedto functional die 302
3 hfrom the functional die

and bonds to heat spreader 308. This places a direct thermal conductivity pat

to the heat spreaderaivithautpackege falesiahdetvact the funatienaldie.aod beat spreader. Heat
spreader 308 typically
the package, that is, the internal metal heat spreader which is atso exposed to the air.
5 [011] Other systems, methods, features, and advantages of the present
disclosure will be or become apparent to one with skill in the art upon examination of
the following drawings and detailed description, It is intended that al] such additional
systems, methods, features, and advantages be included within this description, be

within the scope of the present disclosure, and be protected by the accompanying

10 claims.

BRIEF DESCRIPTION OF DRAWINGS

[012] Many aspects of the disclosure can be better understood with reference to
the following drawiﬁgs. The components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the present
I5  disclosure. Moreover, in the drawings, ike reference numerals designate corresponding

parts throughout the several views.

[013] FIGS. 1A and IB iliustrates a basic semiconductor c&ip package in cross-
section;
[014] FIG. 2A illustrates a semiconductor chip package where an internal heat

20 spreader is used to aid in the dissipation of heat;
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20comprises a metal which is often copper. WO 2009/120977PCT/US2009/038592 [020]Thermal
adhesive 310 can be selected from one of many types. For example, it can be a thermal interface
material often used for attaching heatsinks to a package, or a thermal adhesive epox %film or paste)
often used fé?’gté'@ﬂhﬁ“ﬁi% within packages (e.g., stacking memory die). I\ﬁg%%g@i[ﬁgﬁ f’);thermal
adhesive 310 can be a 5 particle-laden, one-component or two-component material that typically is
applied with dispensing or stencil printing, or applied as a film. Adhesives are cured to allow for
cross-linking of the polymer, which provides the adhesive property. The advantage of thermal
adhesives is that they provide structural support, therefore eliminating the need for mechanical
clamping. 10[0i1rﬂAIternatiVQI . thermal adhesive 310 can be a phase change material gPCM). PCMs
undergo a tran&itioh from a Egﬂdz% Hetieshifdghake fimmmneiigidisteriprrsathorng material is in a
liquid phase at glie-gperating conditions. PCMs offer several advantages including the ability to
conform to the maﬁng surfaces and do not require curing. 15[022]Another alternative is that thermal

adhesive 310 candpe a thermal galy@eleoi% o m%ul%npaﬁs%-émma%yﬂa&cﬁggcﬁght'y
(0]

cross-linked. They perform like a grease with respect to their ability to conform to surfaces.
with improved heat dissipation; and :

5 [017] FIG. 4 illustrates the second embodiment of a semiconductor chip

package with improved heat dissipation.

DETAILED DESCRIPTION

[018] A detailed description of embodiments of the present invention is
presented below. While the disclosure will be described in connection with these
10 drawings, there is no intent to Hmit it to the embodiment or embodiments disclosed
herein, On the contrary, the intent is to cover all alternatives, modifications and
equivalents included within the spirit and scope of the disclosure as defined by the
appended claims.
1019] FIG. 3 illustrates the first embodiment. As in the prior art, semiconductor
15 chip package 300 comprises functional die 302, wire bond 304 and interface 306. Chip
package 300 further comprises internal heat spreader 308. However, thermal adhesive
310 is applied to functional die 302 and bonds to heat spreader 308. This places a direct
thermal conductivity path from the functional die to the heat spreader without package
material between the functional dic and heat spreader. Heat spreader 308 typically

20 comprises a metal which is often copper.



[023]FIG. 4 illustrates the second embodiment. This embodiment combines the benefits of the first
embodiment with the use of a dummy die. As in FIG. 3, 20 semiconductor chip package 400
comprises functional die 302, wire bond 304, interface 306, and heat spreader 402. Dummy die 404 is
placed on to*&t #E4#3fttional die 302. Thermal adhesive 406 is applied t8ERHMHUBEAB4. Thermal
adhesive 406 bonds to heat spreader 402 and thermally connects dummy die 404 to heat spreader
402. Like chip 250, dummy die 404 can be an unfabricated semiconductor such as silicon or to reduce
cost, dummy die 404 can be a rejected die, that is a die that is shown to have too many defects to be a
viable functional die. A rejected die would also reduce the waste 5 from manufacture process. Dummy
die 404 can optionally be placed on top of functional die 302 with the use of thermal adhesive 408 to
improve therma’éBhductivityl5eRfeatheriran arebe sigrdntionandie! 3oy Thetmabadhesive 406

and thermal adhesive 408 can be selegted from the wide range of options as described above for
thermal ad hesi&éaglfgef I%Tﬁ'éaRTBao%‘ﬁe%”rlﬁ i Frﬁ%ﬁt?%%rhae?ﬁﬁ?o&ﬁafﬁaﬁ%cﬁﬁ‘&léﬁg ist8rals thus
eliminating the B&ﬁggf:?BMQF%&?&PQ&%%%QQ?%M?U?‘Pﬁéﬁ‘éﬁeﬁrﬂl@@d”%?‘itll@@ 3| digp{pation material.

Standard materials are also more desirable bécause they are more reliable in the sense that they are
capable of highgsckagistiere. raflavwn levelsody uithe mes ep&idaiar thpasdagr-materialsare also compatible
with Low-K dielectric devices in the IS sense that there is no cracking of dielectric during temp cycling
from highestraggése-Siktoe stanetapdnsackaige waierialy areaistthqitiealsly eagigicdndibheaper to
manufacture dug to the broader supply base and lower assembly cost. [025]The application of the
aforementioned fREMTA SuAELRcBHBEsshall 2chdliBnditbetirsearaspistht Moth&tmal adhesive,

in order to conform well to the die and 20the heat spreader, pressure must, be applied. If not enough
pressure is app%gsas’ tlﬁéllp Vc\)/ i € polymief; wpmh provxd%s zge adh?swu property.s[he a?xggtage of

thermal adhesives is that they provide structurai support, therefore eliminating the need
for mechanical clamping.

10 [021] Alternatively, thermal adhesive 310 can be a phase change material
(PCM). PCMs undergo a ftransition from a solid to a semi-solid phase with the
application of heat. The material is in a liquid phase at die-operating conditions. PCMs
offer several advantages including the ability to conform to the mating surfaces an.d do
not require curing.

5 023 Another alternative is that thermal adhesive 310 can be a thermal gel.
Gels are low modulus, paste-like materials that are lightly cross-linked. They perform
like a grease with respect to their ability to conform to surfaces.

1023]  FIG. 4 illustrates the second embodiment. This embodiment combines
the benefits of the first embodiment with the use of a dummy die. As in FIG. 3.

20 semiconductor chip package 400 comprises functional die 302, wire bond 304, interface

306, and heat spreader 402, Dummy die 404 is placed on top of the functional die 302.

Thermal adhesive 406 is applied to dummy dic 404, Thermal adhesive 406 bonds to



be gaps or voids between the adhesive and the die or heat spreader. If too much pressure is applied
the functional die may crack. The pressure required is dependent on the type of adhesive used. [26]
Another difficulty is to apply the thermal adhesive to cover as much of the die surface as possible
without flowirty¥&P B the wire bonds. Maximum 5 coverage ensures nfZaHGHPHERTAI dissipation.
The addition of the dummy die shown in chip package 400 removes the thermal adhesive further away
from the wire bonds than in chip package 300. [27] Finally, there should be no voids around the
thermal adhesive after transfer injection molding, the package material needs to be able to flow around
the 10devices and totally encapsulate the wires, dies and adhesives so the final chip is reliable. [28]
The solution disclosed can improve thermal dissipation by 10-20%, with only a slight increase in

package cost (£5%JRsrd$id Char Bsiaiapingepe dormmands. b demorscataxifisitsistrrent

nanuiecung echagus, L goud e cphgated UL toredeseed eppodnens are

15 merely exan%p'l%s of poss%le |mplemen1':“="a oS!

the anove- descigd embagiments wikhailkdanaing ieMhe AUAEIRIER A4S pIeRaNbgisclosure. For

example, the above-described embodiments are given for BGA packaging, but can be applicable to
other types of paskagingtineludingiinit neictianiedito dugbin-line paskageRIR}Packagiag, pin grid

array (PGA) packaging, 20 leadless chip carrier (LCC) packaging, small-outline integrated circuit
(SOIC) .packagi‘fﬁg_}l pmatéaﬁed@@ﬁ;-c@nﬁeanﬂ@@P‘ba_@kagingn@!gsbm gued flat packo (PQFP)
KNG AN e i 305 acth he ot A tremma? adesive 408 12 prove sl Sduciivity
bgtween dummy die 404 and functional die 302. Thermal adhesive 406 and thermal
adhesive 408 can be selected from the wide range of options as described above for
thermal adhesive 310. |
16 [024] Both embodiments can employ standard package materials thus
eliminating the need for more expensive and less reliable than enhanced thermal
dissipation material. Standard materials are also more desirable because they are more
reliable in the sense that they are capable of higher moisture reflow levels. Furthermore,
standard package materials are also compatible with Low-K dielectric devices in the
15 sense that there is no cracking of dielectric during temp cycling from higher stresses.
Since standard package materials are used, it is also easier and cheaper 1o manufacture -
due to the broader supply base and lower assembly cost.
[023] The application of the aforementioned thermal adhesives poses several
challenges. When applying the thermal adhesive, in order to conform well to the die and

20 the heat spreader, pressure must be applied. If not enough pressure is applied, there will

be gaps or voids between the adhesive and the die or heat spreader. If too much pressure



(TSOP) packaging, land grid array (LGA) packaging and Quad-Flat No-lead (QFN) packaging. All such
modifications and variations are intended to be included herein within the scope of this disclosure.
What is claimed: 1. A semiconductor package comprising: a semiconductor die having a fabricated
pattern and B¥RFPEAE 2 heat spreader; and 5a thermal adhesive betwee tHE S8 ¢S tuctor die and
the heat spreader; wherein the thermal adhesive adheres the semiconductor die and the heat
spreader and conducts heat from the semiconductor die to the heat spreader. 2. The semiconductor
package of claim 1, wherein the thermal adhesive comprises: a thermal interface material which
comprises a thermal adhesive epoxy film, a 10thermal adhesive epoxy paste or combination thereof; a
phase change material (PCM); a thermal gel; or
is applied the functional dic may crack. The pressure required is dependent on the type
of adhesive used.
[026] Another difficulty is to apply the thermal adhesive to cover as much of
the die surface as possible without flowing over into the wire bonds. Maximum
5 coverage ensures maximum thermal dissipation. The addition of the dummy dic shown
in chip package 400 removes the thermal adhesive further away from the wire bonds
than in chip package 300.
1027] Finally, there should be no voids around the thermal adhesive after
transfer injection molding, the package material needs to be able to flow arpund the
10 devices and totally encapsulate the wires, dies and adhesives so the final chip is reliable.
[028] The solution disclosed can improve thermal dissipation by 10-20%, with
only a slight increase in package cost (<5%) and no change in reliability performance.
Furthermore, it exploits current manufacturing techniques.
[029] It should be emphasized that the above-described embodiments are
15 merely examples of possible implementations. Many variations and modifications may
be made to the above-described embodiments without departing from the principles of
the present disclosure. For example, the above-described embodiments are given for
BGA packaging, but can be applicable to other types of packaging including but not
limited to dual in-line package (DIP) packaging, pin grid array (PGA) packaging.
20 leadless chip camier (LCC) packaging, small-outline integrated circuit (SOIC)

packaging, plastic lcaded chip carrier (PLCC) packaging, plastic quad flat pack (PQFP)

packaging and thin quad flat pack (TQFP) packaging, thin small-outline packages



a combination thereof 3. The semiconductor package of claim 1, further comprising a mold
compound | 5encapsulating the semiconductor die, the heat spreader, and the thermal adhesive. 4.
The semiconductor package of claim I, wherein the semiconductor package is of a type selected from
the group coNeBEHE &%aifal in-line package (DIP) packaging, pin grid arraf{PERYP4EEE ing, leadless
chip carrier (LCC) packaging, small-outline integrated circuit (SOIC) packaging, plastic leaded chip
carrier (PLCC) packaging, 20plastic quad flat pack (PQFP) packaging and thin quad flat pack (TQFP)
packaging, thin small-outline packages (TSOP) packaging, land grid array (LGA) packaging and
Quad-Flat No-lead (QFN) packaging. 5. A semiconductor package comprising: a fabricated
semiconductor die having a fabricated pattern and bond pads; a dummy semiconductor die placed on
top of the fabrichle'SerArkaHAEC I IR ehan i brbh Bk et i md-Blathd disdniQ ¥émiconductor
die; and 5a first F;Qc%g}% agnesﬁ%elggé}%ggpmtlg% [géj\rpama){h?nemicqnductor die and the heat spreader;

. $ are intended to be included herein

within the scope of this disciosure.



wherein the first thermal adhesive adheres the dummy semiconductor die and the heat spreader and
conducts heat from he dummy semiconductor die to the heat spreader and wherein the dummy
semiconductor die conducts heat from 10the fabricated semiconductor die. 6 The semiconductor
package of cB8*}IFEEin the thermal adhesive comprises: a thermal inf&rAE& %8R ERWhich
comprises a thermal adhesive epoxy film, a thermal adhesive epoxy paste or combination thereof; a
phase change material (PCM); 15a thermal gel; or a combination thereof. 7. The semiconductor
package of claim 5 further comprising a second thermal adhesive between the dummy semiconductor
die and the fabricated semiconductor die, wherein the second thermal adhesive adheres the fabricated
semiconductor die 20and the dummy semiconductor die and conducts heat from the fabricated
semiconductor diddd%REGHmMy semiconductor die. 8 The semiconductor package of claim 7,

wherein the first and/or second thermal adhesive comprises a thermal interface material which
comprises a thermal’aaheane epoxy fn - A thekal adhesive epoxy paste or combination thereof 9

The semiconductor packaae,l.ElA e hETeln e (H5ma eIy epoxy fim comrises a

particle-laden one-component material, a particle-laden two component material or combination
thereof. a heat spreader; and

5 a thermal adhesive between the semiconductor die and the heat spreader;
wherein the thermal adhesive adheres the semiconductor die and the heat
spreader and conducts heat from the semiconductor die to the heat spreader.

2. The semiconductor package of claim 1, wherein the thermal adhesive comprises:

a thermal interface material which comprises a thermal adhesive epoxy film, a
10 thermal adhesive epoxy paste or combination thereof:
a phase change material (PCM};
a thermal gel; or
a combination thergof.
3. The semiconductor package of claim 1, further comprising a mold compound
{5 encapsulating the semiconductor die, the heat spreader, and the thermal adhesive,

4. The semiconductor package of claim 1, wherein the semiconductor package isof a
type selected from the group consisting of dual in-line package (DIP) packaging, pin
grid array (PGA) packaging, leadless chip carrier (LCC) packaging, small-outline
integrated circuit (SOIC) packaging, plastic leaded chip carrier (PLCC) packaging,

20 plastic quad flat pack (PQFP) packaging and thin quad flat pack {TQFP) packaging,
thin small-outline packages (TSOP) packaging, land grid array {LGA) packaging

and Quad-Flat No-iead {QFN) packaging.
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10. The semiconductor package of claim 8, wherein the first and/or second thermal adhesive
comprises a phase change material (PCM). 11. The semiconductor package of claim 7, wherein the
first and/or second thermal 10adhesive comprises a thermal gel. 12. The semiconductor package of
claim 5, wher&f &/#8my semiconductor die is an unfabricated semicoRBEEIBIEIF 58 waste
fabricated semiconductor die. 13. The semiconductor package of claim 5, further comprising a mold
compound encapsulating the semiconductor die, the heat spreader, and the thermal adhesive. 1514.
The semiconductor package of claim 5, wherein the semiconductor package is of a type selected from
the group consisting of DIP packaging, PGA packaging, LCC packaging, SOIC packaging, PLCC
packaging, PQFP packaging and TQFP packaging, TSOP packaging, LGA packaging and QFN
packaging. 15. A Metoidonf raekeagltgessatricarzd semiconductor die comprising: 20applying a first
thermal adhesive betw %c? the fabrjcated semiconductor die and a he{;\t sgreader, wherein the thermal

adhesive. 16. The sefiBHATEETHEEIAGO S arE 8 RbHetsrhratsT 8!‘36%%ive comprises:

a dummy semiconductor die placed on top of the fabricated semiconductor die;
a heat spreader placed on top of the dummy semiconductor die; and
5 a first thermal adhesive between the dummy semiconductor die and the heat

spreader;

wherein the first thermal adhesive adheres the dummy semiconductor die and
the heat spreader and conducts heat from the dummy semiconductor die to the
heat spreader and wherein the dummy semiconductor die conducts heat from

10 the fabricated semiconductor die.
6. The semiconductor package of claim 5, wherein the thermal adhesive comprises:
a thermal interface material which comprises a thermal adhesive epoxy film, a .
thermal adhesive epoxy paste or combination thereof;
a phase change material (PCM);
15 a thermal gel; or
a combination thereof.

7. The semiconductor package of claim 5 further comprising a second thermal
adhesive between the dummy semiconductor die and the fabricated semiconductor
die, wherein the second thermal adhesive adheres the fabricated semiconductor die

20 and the dummy semiconductor die and conducts heat from the fabricated

semiconductor die to the dummy semiconductor die.
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WO 2009/120977PCT/US2009/038592 a thermal interface material which comprises a thermal
adhesive epoxy film, a thermal adhesive epoxy paste or combination thereof; a phase change material
(PCM); a thermal gel; or 5a combination thereof. 17. The method of claim 15 further comprising; ‘
placing a dutiRy¥eittiductor die on top of the fabricated semiconduct8FBFAERAYE A @rein the first
thermal adhesive adheres the dummy semiconductor package to the heat spreader. 1018. The
method of claim 17 further comprising: applying a second thermal adhesive between the fabricated
semiconductor die and the dummy semiconductor die, wherein the second thermal adhesive adheres
the fabricated semiconductor die to the dummy semiconductor die. 19. The semiconductor package of
claim 18, wherein the thermal adhesive comprises: 15a thermal interface material which comprises a
thermal adhesie gbﬁmiﬁqﬂdélctor package of claim 7, wherein the first and/or second thermal

10

15

20

10.

H.

12.

13.

14,

16.

adhesive comprises a thermal interface material which comprises a thermal adhesive
epoxy film, a thermal adhesive epoxy paste or combination thereof,

The semiconductor package of claim 8, wherein the thermal adhesive epoxy film
comprises a particle-laden one-component material, a particle-iaden two component
material or combination thereof.

The semiconductor package of claim 8, wherein the first and/or second thermal
adhesive comprises a phase change material (PCM).

The semiconductor package of claim 7, wherein the first and/or second thermal
adhesive comprises a therrnal gel,

The semiconductor package of claim 3, wherein the dummy semiconductor die is an
unfabricated semiconductor die or a waste fabricated semiconductor die.

The semiconductor package of claim 5, further comprising a mold compound
encapsulating the semiconductor die, the heat spreader, and the thermal adhesive.
The semiconductor package of claim 5, wherein the semiconductor package is of a
type selected from the group consisting of DIP packaging, PGA packaging, LCC
packaging, SOIC packaging, PLCC packaging, PQFP packaging and TQFP

packaging, TSOP packaging, LGA packaging and QFN packaging.

- A method of packaging a fabricated semiconductor die comprising:

applying a first thermal adhesive between the fabricated semiconductor die and a
heat spreader, wherein the thermal adhesive.

The semiconductor package of claim 15, wherein the thermal adhesive compriscs:
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thermal adhesive epoxy paste or combination thereof; a phase change material (PCM)_; a thermal gel:
or a combination thereof 7020. The method of claim 15, further comprising encapsulating the

fabricated semiconductor die, and the heat spreader in a mold compound.
WO 2009/120977 PCT/US2009/038592

a thermal interface material which comprises a thermal adhesive epoxy film, a
thermal adhesive epoxy paste or combination thereof:
a phase change material (PCM);
a thermal gel; or
3 a combination thereof.
7. The method of claim |5 further comprising:
placing a dummy semiconductor die on top of the fabricated semiconductor
package, wherein the first thermal adhesive adheres the dummy semiconductor
package to the heat spreader.
i 18. The method of claim 17 further comprising:
applying a second thermal adhesive between the fabricated semiconductor die
and the dummy semiconductor die, wherein the second thermal adhesive
adheres the fabricated semiconductor dic to the dummy semiconductor di'e.
1. The semiconductor package of claim 18, wherein the thermal adhesive comprises:
15 a thermal interface material which comprises a thermal adhesive epoxy film, a
thermal adhesive epoxy paste or combination thereof:
a phase change material (PCM);
a thermal gel; or
a combination thereof.
20 20. The method of claim 15, further comprising encapsulating the fabricated

semiconductor die, and the heat spreader in 2 mold compound.
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