INTEGRATED CIRCUIT PACKAGE SYSTEM WITH HEAT SLUG
TECHNICAL FIELD The present invention relates generally to integrated
circuit packages, and more particularly to integrated circuit packages with
heat slugs. BACKGROUND In the electronics industry, a continuing
objective is to further and further reduce the size of electronic devices while
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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 gopiNgCREERIRIEDLrONICS. Integrated circuit
("IC") assemblies for such complex electronic systems typically have a large
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semiconductor devices in multiple layers on the IC dies. After

manufacture, the IC dies are tygixﬂk(i{gBmQ@ted into packages that may
contain one or several such dies. The IC die is mounted on the surface of a
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connect electrical contact points on the upper surface of the IC die to the
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moldin mpound, typically of molded plastic epoxy such as epoxy. molding.
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printed circuit wiring boar Due to the ever-decreasing size’and
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lagethenpbel®dats. transfer properties of the EMC, the packages are subject to
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contain one or several such dies. The IC die is mounted on the surface of a substrate, for
example, by means of a layer of epoxy. Bond wires can connect electrical contact points on
the upper surface of the IC die to the substrate. Solder contact balls can also be provided on
the lower surface of the IC die for additional connections between the IC die and the
substrate. A molding compound, typically of molded plastic epoxy such as epoxy molding
compound (“EMC”), encapsulates the die and the bond wires, providing environmental
protection for the die and defining the semiconductor die package. These die packages or
modules are then typically mounted on printed circuit wiring boards.

Due to the ever-decreasing size and ever-increasing density, performance, and speed
of such IC dies, the power density (the heat output concentration from the dies) is continually
increasing. This requires ever more elaborate designs for thermal management to keep the IC

die temperatures within acceptable ranges. Otherwise, and due in part to the poor heat



The internal thermal resistance and the thermal performance of a
semiconductor package are determined by a series of heat flow paths. By
making high heat conductivity connections between the bottom of the die and
the substrate within the semiconductor package, heat generated in the die
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heat transfer to the heat spreader. The heat spreader is typically formed
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BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 shows a top view of

a thermally enhanced integrated circuit (IC) package system in accordance

with an embodiment of the present invention; FIG. 2 shows a close-up view

of the structure of FIG. 1 taken along line 2--2; FIG. 3 shows the
thargranseeesogingsdckatjecsysteranh iampinte rehedraricstage ofonamdiaetgreritical

tHal Gn S SRMVIINRI T HERW BrOF 1B 3 after forming heat slug support pillars;
FIG. 5 shows the structure of FIG. 4 after positioning the heat slug; FIG. 6

showSMHEG RIS OPTERE s At Beftalo8sI SRHTH IS PROSHISWE Mg T ot
taakhl Gr Gugfistedtitaghiothacnalhgtjdiarayskitns& s iows phebsirischave afnlglGuded
tﬂ(r)l ?i‘si?h]éa igﬂ(}:evir?w during singulation; FIG. 9 shows a singulated
Integrated circuit package system in accordance with the present invention;
FIG. 10 shows a flat heat slug in accordance with an embodiment of the

presentinvention; g1, 0SURE OF THE INVENTION

The present invention provides an integrated circuit package system including
providing a substrate having a die attached and electrically bonded thereto. The system
includes forming heat slug pillars on the substrate, positioning a heat slug on the heat slug
pillars, and encapsulating the substrate, the die, the heat slug pillars, and the heat slug in a
mold compound. The system includes singulating the substrate, the die, the heat slug, and the
mold compound.

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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view of a thermally enhanced integrated circuit (IC) package
system in accordance with an embodiment of the present invention;

FIG. 2 shows a close-up view of the structure of FIG. 1 taken along line 2--2;

FIG. 3 shows the integrated circuit package system in an intermediate stage of
manufacture;

FIG. 4 shows the structure of FIG. 3 after forming heat slug support pillars;

FIG. 5 shows the structure of FIG. 4 after positioning the heat slug;

FIG. 6 shows the structure of FIG. 5 after encapsulation;

FIG. 7 shows the structure of FIG. 6 after attaching a ball grid array;

FIG. 8 shows the structure of FIG. 7 in a schematic view during singulation;

FIG. 9 shows a singulated integrated circuit package system in accordance with the

present invention;



FIG. 11 shows a cross-sectional view of FIG. 10 taken along line 11--11; FIG.
12 shows a half-etched heat slug in another embodiment of the present
invention; FIG. 13 shows the structure of FIG. 12 taken along line 13--13;
FIG. 14 shows a tie bar heat slug in accordance with a still further

embddimet giate présehtdhvbigtionaderalanseisvations canbrossens ctforal Riesgnt
iRkthgstructure of FIG. 14 taken along line 15--15; FIG. 16 shows a flow
chart of an integrated circuit package system for manufacturing a package
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in direct contact.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will apparent that the invention may be practiced
without these specific details. In order to avoid obscuring the present invention, some well-
known system configurations and process steps are not disclosed in detail.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the integrated circuit package substrate, regardless of its orientation. The
term “vertical” refers to a direction perpendicular to the horizontal as just defined. Terms,
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such as “above”, “below”, “bottom”, “top”, “over”, and “under”, are defined with respect to
the horizontal plane. The term “on” indicates that two elements are in direct contact.

Likewise, the drawings showing embodiments of the invention are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown greatly exaggerated in the FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration
and description thereof like features one to another will ordinarily be described with like
reference numerals.

Referring now to FIG. 1, therein is shown a top view of a thermally enhanced

integrated circuit (IC) package system 100 in accordance with an embodiment of the present



Likewise, the drawings showing embodiments of the invention are
semi-diagrammatic and not to scale and, particularly, some of the dimensions
are for the clarity of presentation and are shown greatly exaggerated in the
FIGs. In addition, where multiple embodiments are disclosed and described
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the integrated circuit package system 100 and will be sufficient in height to prevent contact
between the wires 206 and the heat slug 106. The number of heat slug support pillars 200
will be determined heuristically by the number required to support the heat slug 106.
Referring now to FIG. 5, therein is shown the structure of FIG. 4 after positioning the
heat slug 106. The heat slug 106 is placed on the heat slug support pillars 200. The heat
slug 106 has a groove 500 around its perimeter inside of the heat slug support pillars 200 and

outside of the wires 206. The groove 500 is made as deep as possible without substantially



Referring now to FIG. 5, therein is shown the structure of FIG. 4 after
positioning the heat slug 106. The heat slug 106 is placed on the heat slug
support pillars 200. The heat slug 106 has a groove 500 around its perimeter
inside of the heat slug support pillars 200 and outside of the wires 206. The
afipone (8O0 duliyaddhad et s ad Qossiiethvithenit simhspaeneatiypt difedapgviHbhave
JQidiRbha heat stue 106 se dhabthesingglaipprocess at the edges will
have to cut through as little of the heat slu%l% metal astossibIe.
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ahleHReRLSIUG SHRARRIHRIUASHOO. Referring now to FIG. 7, therein is
shown the structure of FIG. 6 after attaching the ball grid array 208. The ball
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now to FIG. 9, therein is shown a singulated integrated circuit package
slegstéfh gsorrIdHomawahoted iR s SIUGsupioste silidrs 2on Gt will be
tietingtnate droovéngpohe siagylation into the singulated integrated circuit

pack system 900. eferring now to FIG.. 10, therein is shown a flat
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has more advantages when It is used for a CSP than a BGA. All si%ulated
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to a typical CSP. This is because heat slug support pillars 200 are eliminated during
manufacturing. This invention provides the nomenclature of thermally-enhanced CSPs
(TECSPs) for CSPs using flat heat slugs 1000.

Referring now to FIG. 11, therein is shown a cross-sectional view of FIG. 10 along
line 11--11. The flat heat slug 1000 has a rectangular cross-section.

Referring now to FIG. 12, therein is shown a half-etched heat slug 1200 in another
embodiment of the present invention. The half-etched recesses 1202 set off the individual
heat slugs for the individual dies.

Referring now to FIG. 13, therein is shown the structure of FIG. 12 along line 13--13.
The half-etched heat slug 1200 has the half-etched recesses 1202 separated by raised areas



Referring now to FIG. 12, therein is shown a half-etched heat slug 1200 in
another embodiment of the present invention. The half-etched recesses 1202
set off the individual heat slugs for the individual dies. Referring now to
FIG. 13, therein is shown the structure of FIG. 12 along line 13--13. The
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the ie fo the substrate in a block 1610; forming pillars on the substrate in a
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integrated circuit package system 1700 for manufacturing a package system
CAWDTH AL Br st AnsilPlorth i omisytna et Sfeti Brediapiniishi. block
1€he ﬁyﬁﬁ&mgll?ﬂﬂgﬂmuﬁ‘@ﬁs o evickinigk Rt st Al draming; adienattaahgdnan®lock

ctrlc I nded ereto in a block.1702: formin at slug pillars on the.
Lot bttty S ot e o R et Bt Pl
P@b@@ﬁ?@@p@ﬂb&p&ﬂéﬁﬁg the substrate, the die, the heat slug pillars, and the

heat ﬁlé'igrﬁhg now to FIG. 17, therein is shown a flow chart of an integrated circuit
package system 1700 for manufacturing a package system 100 in accordance with a still
further embodiment of the present invention. The system 1700 includes: providing a
substrate having a die attached and electrically bonded thereto in a block 1702; forming heat
slug pillars on the substrate in a block 1704; positioning a heat slug on the heat slug pillars in

a block 1706; encapsulating the substrate, the die, the heat slug pillars, and the heat slug in a



mold compound in a block 1708; and singulating the substrate, the die, the
heat slug, and the mold compound in a block 1710. While the invention
has been described in conjunction with a specific best mode, it is to be
understood that many alternatives, modifications, and variations will be
mabpererotndHosebkialdd (B; til aindnlighs Bethibwifare geinieddsdmptiong. and the

nfOREsHIpEMe ifnia BlRRAedo embrace all such alternatives, modifications, and
variations which fall within the spirit and scope of the included claims. All
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compound; and singulating the substrate, the die, the heat slug, and the mold
compound to eliminate the heat slug pillars. 2. The system as claimed in
claim 1 wherein positioning the heat slug on the heat slug pillars includes
bonding the heat slug to the heat slug pillars.



3. The system as claimed in claim 1 wherein positioning the heat slug
includes providing the heat slug with indentations provided therein for heat
dissipation thereby. 4. The system as claimed in claim 1 wherein

positioning the heat slug includes providing the heat slug with lines for
THEINMEN SN Gh\EVHAR AR by tie bars. 5. An integrated circuit

package syatgmcompising: yrRvsing asukstaiehaving dies attached and
electrical honds thereto; applying pillars of adhesive around the periphery of
tho SHEQHURE HTAEITG S K AT G AR RS 57 BER LR EAGAA ihe heat

slug, fhmpigaresaoﬂ_agipﬂzbi\zmmﬂe dibstramnd the substrate in a_molding _
compoune HEUINg fﬁ%d&{ %%"t?ea’ﬁsfb%e piHE’é%%‘&?iﬁ%b%&%?ﬂ?@!&&g'E}(éelﬁéh@tgg,lug

to the dies; and singulating the substrate, the mold compound, and the hea
slug into intddiatedreneu parkdyereiinivouthpe dilaysiothedbrasiviag pillgs when
The systemgsiglawaed in claim 5 wherein placing the heat slug places the
heat slug above the dies and electrical bonds, 7. The system as claimed

in claffr SR I aehig e e dtcsilly rahitsBlaviomng therabt SRy ditre!d
indentions prowjgeddherdin.

singulating the substrate, the die, the heat slug, and the mold compound to eliminate
the heat slug pillars.
2. The system as claimed in claim 1 wherein positioning the heat slug on the heat
slug pillars includes bonding the heat slug to the heat slug pillars.
3. The system as claimed in claim 1 wherein positioning the heat slug includes
providing the heat slug with indentations provided therein for heat dissipation thereby.
4. The system as claimed in claim 1 wherein positioning the heat slug includes
providing the heat slug with lines for individual heat slugs connected by tie bars.
5. An integrated circuit package system comprising:
providing a substrate having dies attached and electrical bonds thereto;
applying pillars of adhesive around the periphery of the substrate;
placing a heat slug on the pillars of adhesive;
molding the heat slug, the pillars of adhesive, the dies, and the substrate in a molding
compound;
mounting solder balls on the substrate for electrically connecting to the dies; and
singulating the substrate, the mold compound, and the heat slug into integrated circuit
packages without the pillars of adhesive.
6. The system as claimed in claim 5 wherein placing the heat slug places the heat
slug above the dies and electrical bonds.
7. The system as claimed in claim 5 wherein placing the heat slug includes
providing the heat slug with indentions provided therein.
8. The system as claimed in claim 5 wherein placing the heat slug includes
providing the heat slug with a groove around the periphery thereof inside the heat slug pillars

and out side the electrical bonds when positioned.



8. The system as claimed in claim 5 wherein placing the heat slug includes
providing the heat slug with a groove around the periphery thereof inside the
heat slug pillars and out side the electrical bonds when positioned. 9.The
system as claimed in claim 5 wherein placing the heat slug includes providing
the heat slug with full-etched lines for individual heat slugs connected by tie

bars.g, The system as claimed in claim 5 wherein placing the heat slug includes

providing the heat slug with full-etched lines for individual heat slugs connected by tie bars.
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