SEMICONDUCTOR PACKAGE SYSTEM WITH SUBSTRATE HEAT SINK
TECHNICAL FIELD The present invention relates generally to semiconductor
package system, and more particularly to semiconductor package systems
with heat sinks. BACKGROUND ART In the electronics industry, a continuing
objective is to further and further reduce the size of electronic devices while
singRme oMU CTORSINYJICAGIBYSEEVIAVEPEHS UUBS IR TE [BphonSINK
personal data devices, notebook computers, camcorders, and digital
cameras are but a few of the consumer products that require and benefit
from this ongoing miniaturization of sophisticated electronics. Integrated
TECHNICAT  Fadsbmblies for such complex electronic systems typically have a
large number of interconnected IC chips. The IC chips are usually made from
a serieaneisstonrateraeiiehzgaesiiboty cegaintncirsepidege system, and more
pE’rBQlSPJH?Q&E@ﬁﬁﬂ@ﬂ&@?&%%ﬁé@y&%@ Jediaren thgkyarious semiconductor
devices in multiple layers on the IC chips. Heat management through such a
structure can be critical. The internal thermal resistance and thermal
pRerfarransePAthe flip chip interconnect technology are determined by a
series of heat flow paths. By making high heat conductivity connections
betweemthae hastam ialitheydie Radihasuhstiate iheatuganeiated indhr dice the
can be transferred efficiently from the die to the substrate. For applicati
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surface can then be put in direct physical contact with a heat spreader that
obyaisdsHed<dsAiEBYthuctor die. To enhance the cooling performance, a layer
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heat spreader o improve heat tr er to the heat spreader. The heat
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formed overlying the upper surface of the package.”l The heat thus flows
first oA t(RERAEHTESh Aot g & (BB @9 oPeheritical.  The internal thermal

resistance and thermal performance of the flip chip interconnect technology are determined

by a series of heat flow paths. By making high heat conductivity connections between the
bottom of the die and the substrate, heat generated in the die can be transferred efficiently
from the die to the substrate.

For applications where additional heat must be removed from the semiconductor die,
the molding compound that encapsulates the die can be partially omitted from the upper
surface of the die to partially expose this surface. The exposed die surface can then be put in
direct physical contact with a heat spreader that overlies the semiconductor die. To enhance
the cooling performance, a layer of thermal grease or the like can be spread between the die
surface and the heat spreader to improve heat transfer to the heat spreader.

The heat spreader is typically formed so that it can also be attached to the underlying
substrate, resulting in a mechanically strong package. Where necessary, the heat spreader can
also be encapsulated in a molding compound that is formed overlying the upper surface of the

package.



semiconductor module or package into which it has been incorporated, and
then to the package surface and to the heat spreader that is attached to the
package surface. Unfortunately, there are drawbacks associated with the
use of known heat spreaders and other semiconductor packages. Among
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electronic systems demand continued decreases in size. The volumetric size
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semiconductor package to help remove the heat. Unfortunately, this
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with hlqgh thermal dissipation and it is increasingly critical that answers be
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thus, solutions to these prablems have long eluded those skilled in.the art.
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the cavity; attaching a semiconductor die in the cavity to the heat sink foil,
sigryablenbitg hersie&miconductor die to the substrate wiring. Certain
emborimeatseal thalinsaniie Tdraus giika aspeats hpRdekton tei Sipaiplagadotf is

. those mentioned.above. Th ects will become apparent to those skilled in
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taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a semiconductor package system including: providing
a substrate having substrate wiring and a cavity provided therein with a heat sink foil closing
off the cavity; attaching a semiconductor die in the cavity to the heat sink foil; and bonding
the semiconductor die to the substrate wiring.

Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.



2 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a cross sectional

view of a semiconductor package system in an initial stage of manufacture in
accordance with an embodiment of the present invention; FIG. 2 is a cross
sectional view of the structure of FIG. 1 in a die attach stage; FIG. 3 is a

cross sectional vieWRIEHPEFGRITIQNEIE TR eNBdpSulation stage;

FIG. 4 is a cross sectional view of the structure of FIG. 3 in a flipped stage;
FIG. B¢ d &rd<gsectieirnalivirotithecshicendrstor Rackase ity st dutbiiea stage
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INVENTION The following embodiments are described in sufficient detail to
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~may be practiced without these specific details. In order to avoid obscuring

AEPBsent invention, some well-known process steps are not disclosed in
detail. Additionally, the drawings showing embodiments of the semiconductor
package system are semi-diagrammatic and not to scale and, particularly,
some of the difedsBRPEAECTFNRRYANG S rd4EniatorNEHE™re shown

exagiﬁéated in the drawing FIGs. The same number js used to designate
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understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known process steps are not disclosed in detail.

Additionally, the drawings showing embodiments of the semiconductor package
system are semi-diagrammatic and not to scale and, particularly, some of the dimensions are
for the clarity of presentation and are shown exaggerated in the drawing FIGs.

The same number is used to designate similar parts as a matter of convenience and for
ease of understanding the present invention.

The term “horizontal” as used herein is defined as a plane parallel to the plane or
surface of the semiconductor die, regardless of its orientation. The term “vertical” refers to a
direction perpendicular to the horizontal as just defined. Terms, such as “above”, “below”,

< LEINT3

“bottom”, “top”,
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side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and “under”,



3 are defined with respect to the horizontal plane. The term "on" means that
there is contact among different elements. Referring now to FIG. 1, therein is
shown a cross sectional view of a semiconductor package system 100 in an
initial stage of manufacture in accordance with an embodiment of the
arsrdemd idhtisne e derhivtidiitppaclkigdesysiem 18NS Qasidgle syerarrct

aMBHIAaIESS R Sipgtrate 102 having a cavity 104. The cavity 104 is a
through cayvity and can be of any shape and in any location in the substrate
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shown being formed. By controlling the thickness or thinness of the substrate
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structure of FIG. 2 in an encapsulation stage. An encapsulant 300 is molded
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diheléniealvstianiy in contact with the solder balls 204.

Optionally, the semiconductor die 206 can be attached to the heat sink foil 202 by the
die attach adhesive 208, which can be a solder or thermal grease, for better heat transfer than
through an epoxy die attach adhesive.

Referring now to FIG. 3, therein is shown a cross sectional view of the structure of
FIG. 2 in an encapsulation stage. An encapsulant 300 is molded over the heat sink foil 202,
the die attach adhesive 208, the semiconductor die 206, and around the bond wires 210.

The heat sink foil 202 on the bottom is not covered by the encapsulant 300 so it
provides a superior convention heat sink.

By controlling the thickness or thinness of the solder balls 204 and the encapsulant

300, the thickness or thinness semiconductor package system 100 can be affected directly.



300, the thickness or thinness semiconductor package system 100 can be
affected directly. 4 Referring now to FIG. 4, therein is shown a cross sectional
view of the structure of FIG. 3 in a flipped stage. The solder balls 204 extend
further below the substrate 102 than the encapsulant 300. Referring now to
FIG. Bethisregminvsteolll o ctbesisdetibpainviesiopt thetistalctine of tRaGtracinre of
FRO Ghaltagheiagge SIRCSAhe: salderkalie204uaxiendi AN iRe s hRIeNCNE than the
substrate 102 than the encapsulant 300, the solder balls 204 support the
CRARTEBAL M or package system 100 above a printed circuit board 500. The
heat Rietkridik20visoekinse dHotidiie shbeatdransfeedading ai¢valodectheudiere of
F§8.64 pVhgre s o8 m'&on.dé‘l%%rtﬁées Zlgigrlf)a conpudlivg fig attach adhe sy e
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sources or to provide a conductive drain connection for carrier or hole

leakab®® RS iHe SEMCIAGHREST HiBrSHE HoHE FHEU R R bR Sesodif 206
Wiasch@enectisaovanad thatadhinnemseicoaduciavhpaibkaige systei ieain gk foil

28£ec%tnedlﬁg%iggl & AQ%E( gylbstrate with 8, heat sin 'ﬁiftloib'oiﬁ' ‘§o‘(;s%”tﬁ'§‘5’efr%¥c%%" or
upon Oat er systems tnat use separa?ep eat sink elements. eferrlng now 1o
die|@o6athkes dinsis Syswmnactras® settivrbdiicneoiiaaspsitopidicton shadikageinst

e%ﬁ%&@%&@%@f‘@@?@vﬂ% anpihene m@&démﬁe&ml@& Q&%@&fﬂriﬂéﬁ%ﬁ@&l&ge
The semiconductor goacka e system 600 is a mulrt%ple-system system in

frUmitlly ASAtFRB&rStT SEmblodiicsrpetraget$pedm@100 (three are shown by
way of exabepiejiacevstackrs withinthe solitenbadis?2ftioliongssamvartduaiaited
ackage system electrically canpected.with the substrate wiring 200 of the
R T R AL S e
ufarbrerdie lvat thiekslibserdse 102 than the encapsulant 300, the heat sink foil

202 qf §a¢h SGOUCRNAKEE! RATHRACRYRIENALD B EISEANLPE B il akctor
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the solder balls 204 of one semiconductor package system electrically connected with the

substrate wiring 200 of the semiconductor package system below it.

Since the solder balls 204 extend further below the substrate 102 than the encapsulant
300, the heat sink foil 202 of each semiconductor package system 100 is exposed to permit
heat transfer to the air.

In another option where a more rigid stack is desired, the entire semiconductor
package system 600 can be encapsulated.

Referring now to FIG. 7, therein is shown a flow chart of a semiconductor package
system 700 for manufacturing the semiconductor package system 100 in accordance with a
further embodiment of the present invention. The system 700 includes: providing a substrate
having substrate wiring and a cavity provided therein with a heat sink foil closing off the

cavity; attaching a semiconductor die in the cavity to the heat sink foil; and bonding the

semiconductor die to the substrate wiring.



further embodiment of the present invention. The system 700 includes:
providing a substrate having substrate wiring and a cavity provided therein
with a heat sink foil closing off the cavity; attaching a semiconductor die in

the cavity to the heat sink foil; and bonding the semiconductor die to the
substtaies wengissaydied theidhedissevieiag ihen thies bre senteiiove ARG thde Aspsct
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yaspec’ts of the preééjnt Invention consequently further the

state Ofetieardcpihologiuedlat deresttiné Hexpieseal. Meeidn [vegspeeantly further the
saiscavarad R dbe semicrdGiol Rackage system of the present invention
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to be understooc? l'hat many e%ternatlves, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



1. A semiconductor package system comprising: providing a substrate having
substrate wiring and a cavity provided therein with a heat sink foil closing off
the cavity; attaching a semiconductor die in the cavity to the heat sink foil,

and bonding the semiconductor die to the substrate wiring. 2. The system as

THEMENdRANCLMMERISttaching the semiconductor die includes
conductively conr,lect(ii?:l the semiconductor die to the heat sink foil. 3. The

systeh as RS IRNRERNPEHHS BN BPSABRSNE substrate includes
provigiogidives aulnbitate froingasshiystrate stgpionrmamyfactvidead tbeplinrality oheat

semicondu%gﬁ)l[(_ﬁﬁcﬁggf SYi$ g]&vdfty';l'h_e system as_claimed in c_Iaim 1
further comprising con Uctive y conriecting the semiconductor die to the heat

sink fefiREiagrtRBErendton g in BeTREBySitmhsst clalied #ndlaim 1 further

compyisiagic MeURHRG Has-RMREH aleneRud frinted Gikcuit board, the substrate
having first substrate wiring; and stacking a second substrate on the

substtate, titserand aslsiiakel Havingnsdlderebal satfarhton ductiueiconductor die
i ARREEHRN,(9: {0 ‘EB%%%&PHS%E%Eesé‘{%#c“&aﬁaér %1%”%%@%%&%‘3{11&2?85?99 system

comprising: providing a suBstrate having substrate wiring and a cavity
provided thefiginaidhaReatisiRkifpligiesing pifdnesavihn AHRCHIRG 8l udes
balls to the substrate wiring; attaching a semiconductor die in.the cavity to the

PHSEHERIRTSHD WS BORcfr HE eI B AT S R B AE R ductor

pankdgerngaapsulating the semiconductor die in the cavity. 7. The system as
claimed in 6 wherein attaching the semiconductor die uses a conductive die
attach-adheBhgesystenridsdrvedy woriraet thetkemivepidiezsiodincaviie ¢ragecting

tRIRkmiedBudBESYRIGR AS:CLANEA iR & Wherenripvidiag the substrate
includes providing the substrate from a substrate strip; 7 attaching a

semiconductae eysténchides méthchingna pfurakiycomperigonductor die to
mounting the substrate on a printed circuit board, the substrate having first substrate
wiring; and
stacking a second substrate on the substrate, the second substrate having solder balls

for conductive connection to the first substrate wiring.

6. A semiconductor package system comprising:

providing a substrate having substrate wiring and a cavity provided therein and a heat
sink foil closing off the cavity;

attaching solder balls to the substrate wiring;

attaching a semiconductor die in the cavity to the heat sink foil;

wire bonding the semiconductor die to the substrate wiring; and

encapsulating the semiconductor die in the cavity.

7. The system as claimed in 6 wherein attaching the semiconductor die uses a
conductive die attach adhesive to conductively connect the semiconductor die to the heat sink

foil

8. The system as claimed in 6 wherein:

providing the substrate includes providing the substrate from a substrate strip;



the substrate strip; and singulating the substrate strip into a plurality of
substrates. 9. The system as claimed in 6 further comprising: mounting the
substrate on a printed circuit board using the solder balls; and conductively
connecting the semiconductor die and heat sink foil to the printed circuit
boardittachiThe systepndsteradinaacindswwierding erdapsityatinggeieonductor die to
semicondugifr digdarmaa.fifsi semiconductor package system; mounting

the first semiconductor package system gn a EE)rinted circuit board, the first

semicOIRYRT Ds RS LEHARRIYAPLY 8L B A viring: and stacking a
secorad semf'ﬁondl%ctorspaggébeié%sftuen on the first semiconductor package
' uc

€ system a €r comprising: .
system, the second semiconductor package stem having solder balls

condutiveiycbaneltedcontiefirsesotsstraboandringelthe sokisntiebridadtor

packagriayaiRy SRS G-ASHRSHAIS HANING SHPIEAIR MITRLIRNH: R &RVt
provided therein with a heat sink foil closing off the cavity; a semiconductor

die in the cé\ﬂ%ttached to the heat sink foil; and electrical connections for
the c%necul[qlré of the seniicon uc rglie to the substrate wiring. 12. The
. a sjem as C whnereimn

S al 1n L. . .
system as c |m¥ In claim Ti urther comprising a conductive connection for

connettiayuhd xeiricomiaadictie dis tharhedisinkfodonddcbh pasiispersysism;
claimggd iR daim HhsiRith it sHPRAR S Ratt of 2 SHRSH R BRI the first

manufacturing a plurality of semiconductor package systems. 14. The system
as claimed BSR4 FUPATEPEOMTFEIAGYINg St it ALtV B4 ddnd a
condyeidut ganveaiibieioiccannreastingihe sepmicondietoirdieitdhelihaat piokage

foil to the prinEed ci{ceuit g&%m.s%&. Th uscygrtem as cIaim(tgd in.claim 11 further.

.. system, con age .system  having ‘solder balls
comprising. %e Substrate mountélal on a prlntg CII%UI'[ %oard,%e éJbS{I’a e
having first seisketirelyieimgc@ddoghe first substrate wiring.

11. A semiconductor package system comprising:

a substrate having substrate wiring and a cavity provided therein with a heat sink foil
closing off the cavity;

a semiconductor die in the cavity attached to the heat sink foil; and

electrical connections for the connection of the semiconductor die to the substrate
wiring.

12. The system as claimed in claim 11 further comprising a conductive connection

for connecting the semiconductor die to the heat sink foil.

13. The system as claimed in claim 11 wherein the substrate is part of a substrate

strip for manufacturing a plurality of semiconductor package systems.

14. The system as claimed in claim 11 further comprising:
a printed circuit board; and
a conductive connection for connecting the semiconductor die to the heat sink foil to

the printed circuit board.

15. The system as claimed in claim 11 further comprising:
the substrate mounted on a printed circuit board, the substrate having first substrate

wiring; and



a second substrate stacked on the substrate, the second substrate having
solder balls for conductive connection to the first substrate wiring. 16. The
system as claimed in claim 11 further comprising: solder balls on the
substrate wiring; bond wires connecting the semiconductor die to the
substrarequidingpsint srrkettapsidanbsairaitnthenecexhivdaduetbrdig irpl¢rs balls

cavity. 17. Thesyalrmassiaitied b Geiidb fuitheksgneprising a conductive
die attach adhesive to conductively connect the semiconductor die to the

heat stk foilHSsybleen sysiemasiclauiied imctasmcdmmierein: the substrate is
part of a substrate strip; and a plurality of semiconductor die are mounted to
the sﬁ%%lﬁg%g%tﬂ%.t E?[é% bIs rgqesffsl?trénr%’ as claimed in claim 16 further comprising:
a pririedfloificeitcboracing e upsicarsimoudie o dhethibprittedcigswindoard by

the sqlfafchalliaAnFiif SRMIGRIGMEINLAig.andhihe.igat sink foil are

conductively connected to the printed circuit board. 20. The system as

claimed in claimykGefuthentasmphisiagn Boptinkedoifguitigardotbective die attach
aJiconductpr gigis included.in a first semi lcgﬁ)“t%%"ﬁe%?‘s’l“n?%&fy“?m; the

Irst semiconductor'package system is mounted on the printed circuit board,

the fifgt serpjORJUGIOL PRGKRIS YR MARNIAG,first substrate wiring; and a

second semiconductor package system stacked on the first semiconductor
pack s Wy LreS 176t 98 AoHbS U iBRdtor package system having solder
balls againdlictive ¢ aapnectesd tethe firsisedsirmteswisiige Strip.

19. The system as claimed in claim 16 further comprising:

a printed circuit board;

the substrate mounted on the printed circuit board by the solder balls; and

the semiconductor die and the heat sink foil are conductively connected to the printed

circuit board.

20. The system as claimed in claim 16 further comprising:

a printed circuit board;

the semiconductor die is included in a first semiconductor package system;

the first semiconductor package system is mounted on the printed circuit board, the
first semiconductor package system having first substrate wiring; and

a second semiconductor package system stacked on the first semiconductor package
system, the second semiconductor package system having solder balls

conductively connected to the first substrate wiring.



