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 simultaneously increasing performance and speed. Cellular
telephones, 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 circuit (“IC”) assemblies for such complex electronic systems typically
have a large number of interconnected IC dies (or “chips”). The IC dies are usually made
from a semiconductor material such as silicon (“Si”) or gallium arsenide (“GaAs”).
Photolithographic techniques are used to form the various semiconductor devices in multiple
layers on the IC dies.

After manufacture, the IC dies are typically incorporated into packages that may
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
transfer properties of the EMC, the packages are subject to malfunction due to heat build up
in the package.

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 can be transferred efficiently from the die to the substrate.
Similarly, by making high heat conductivity connections between the bottom of the
semiconductor package and the external substrate on which the semiconductor package is
mounted, heat can be transferred efficiently from the substrate within the semiconductor
package to the external substrate.

For designs 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 semiconductor 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 semiconductor 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. Additionally (or alternatively), the heat
spreader can be encapsulated in the molding compound that forms the semiconductor
package, sometimes with the heat spreader exposed on the upper surface of the package for
heat emission therefrom.

The heat thus flows first from the IC die to the body of the semiconductor module or
package into which the IC die has been incorporated, and then to the heat spreader. Even
though the semiconductor packages interfere with thermal emission from the IC dies, the
packages are necessary to protect the IC dies from moisture and mechanical damage.

Therefore, an increasingly important consideration in making small, high-speed, high-density



devices is providing packages that are capable of adequately spreading the heat generated by
the devices.

Consequently, there still remains a need for improved, more economical, more
efficient, and more readily manufactured and assembled heat spreader systems, heat spreader
packages, and package fabrication systems for use with semiconductor devices. In view of
the ever-increasing need to save costs and improve efficiencies, it is more and more critical
that answers be found to these problems.

Solutions to these problems have been long sought but prior developments have not
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 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. 10 shows a flat heat slug in accordance with an embodiment of 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 embodiment of the
present invention;

FIG. 15 is shows a cross-sectional view of the structure of FIG. 14 taken along line
15--15;

FIG. 16 shows a flow chart of an integrated circuit package system for manufacturing
a package system in accordance with a still further embodiment of the present invention; and

FIG. 17 shows a flow chart of an integrated circuit package system for manufacturing

a package system in accordance with an even further embodiment of the present invention.

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
invention. The system 100 includes a substrate 102 having a mold compound 104 topped by
a heat slug 106.

Referring now to FIG. 2, therein is shown a close-up view of the structure of FIG. 1
taken along line 2--2. The system 100 has heat slug support pillars 200 on the substrate 102
to support the heat slug 106 prior to encapsulation.

The heat slug pillars 200 are on the substrate 102 only around a periphery of a
plurality of dies 202. Between the substrate 102 and the heat slug 106 are the dies 202
containing integrated circuits. The dies 202 are attached to the substrate 102 by die attach
epoxy 204. The dies 202 are further electrically connected by wires 206 to the substrate 102,
and by through vias and further wiring (not shown) to solder balls 208.

The heat slug support pillars 200 are of a material such as epoxy, eutectic ball
materials, metal, and other materials, which preferably have elastic characteristics, a high
aspect ratio formation, and adhesive characteristics. The elasticity is aimed at reducing
mechanical stress when the heat slug 106 is pressed by the mold during molding of the mold
compound 104. The high aspect ratio provides a thin pillar. The adhesive characteristics
hold the heat slug 106 in place during the molding process.

The exposed area of the heat slug 106 after encapsulation is larger than a conventional
heat slug when the encapsulation body size is the same.

Referring to FIG. 3, therein is shown the integrated circuit package system 100 in an
intermediate stage of manufacture. The dies 202 are attached to the substrate 102 by the die
attach adhesive 204 and wires 206 are wire bonded between the dies 202 and the substrate
102. It will be understood that the dies 202 can also be ball bonded, another electrical
connection technique, to the substrate 102.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 after forming heat

slug support pillars 200. The heat slug support pillars 200 can be deposited by a droplet



building technique of dropping drops of adhesive on top of each other to the desired height.
The heat slug support pillars 200 will form cones of adhesive around the outer perimeter of
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
affecting the rigidity of the heat slug 106 so that the singulation process at the edges will have
to cut through as little of the heat slug 106 metal as possible.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 after encapsulation.
A mold is placed around the integrated circuit package system 100 and the mold compound
104 is forced into the mold. The mold is removed and the mold compound 104 fills the space
between the substrate 102 and the heat slug 106 and encapsulates the dies 202, the wires 206
and the heat slug support pillars 200.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after attaching the
ball grid array 208. The ball grid array 208 is at the bottom of the substrate 102 and is the
electrical connection to printed circuit boards or other electrical systems.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 in a schematic view
during singulation. In one embodiment, a singulation saw 800 is used to cut through the heat
slug 106, the mold compound 104, and the substrate 102. Some of the saw cuts will be
through the groove 500 of FIG. 5.

Referring now to FIG. 9, therein is shown a singulated integrated circuit package
system 900. It should be noted that the heat slug support pillars 200 are eliminated during the
singulation into the singulated integrated circuit package system 900.

Referring now to FIG. 10, therein is shown a flat heat slug 1000 in accordance with an
embodiment of the present invention.

The flat heat slug 1000 can be easily used for chip-scale packages (CSP) as well as for
ball grid array (BGA) packages. Moreover, the flat heat slug 1000 has more advantages
when it is used for a CSP than a BGA. All singulated integrated circuit package systems of
CSP using flat heat slugs 1000 do not need any additional area for heat slugs in comparison

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
1302. The half-etched recess 1202 provide pre-formed sawing lines for singulation similar to
the groove 500 of FIG. 5. The pre-formed sawing lines reduce the stress in the flat-type
TECSP and permit saw blade singulation.

Referring now to FIG. 14, therein is shown a tie bar heat slug 1400 in accordance a
still further embodiment of the present invention. The heat slug is full-etched through in full-
etched lines 1402 to leave individual heat slugs 1404 connected together by tie bars 1406.

While the structures of FIGs. 12 and 14 have four rows into which the systems will be
singulated, various other arrays can be used.

Referring now to FIG. 15, therein is shown a cross-sectional view of the structure of
FIG. 14 along line 15--15. The tie bar heat slug 1400 has the individual heat slugs 1404 with
rectangular cross-sections. The pre-formed full-etched lines 1402 reduce the stress in the
flat-type TECSP and permit rapid saw blade singulation by only requiring sawing through the
tie bars 1406 of FIG. 14.

The heat slugs of FIGs. 10-14 are used with heat slug support pillars along the outside
peripheries thereof so the pillars will be removed during singulation.

Referring now to FIG. 16, therein is shown a flow chart of an integrated circuit
package system 1600 for manufacturing a package system 100 in accordance with a still
further embodiment of the present invention. The system 1600 includes: performing back
grinding on a wafer in a block 1602; mounting the wafer for sawing in a block 1604; die
sawing in a block 1606; attaching the die and cure on a substrate in a block 1608; wire
bonding the die to the substrate in a block 1610; forming pillars on the substrate in a block
1612; mounting a heat slug on the pillars in block 1614; encapsulating the die in an
encapsulant on the substrate in a block 1616; curing the die in the encapsulant in a block

1618; mounting ball grid arrays to the substrate in a block 1620; ball mounting in a block



1622; and singulating the substrate, the die, and the heat slug into an integrated circuit
package system in block 1624.

Referring 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 die and the heat slug pillars between the substrate 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 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 spirit and
scope of the included claims. All matters set forth herein or shown in the accompanying

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



WHAT IS CLAIMED IS:

1. An integrated circuit package system comprising:

a substrate;

a plurality of dies attached to the substrate and electrically bonded thereto;

heat slug pillars on the substrate only around a periphery of the plurality of dies;

a heat slug on the heat slug pillars; and

a mold compound encapsulating the die and the heat slug pillars between the substrate

and the heat slug wherein the die and the heat slug pillars are encapsulated in
the mold compound for a package without the heat slug pillars.

2. The system as claimed in claim 1 wherein the heat slug includes indentations
provided therein for heat dissipation thereby.

3. The system as claimed in claim 1 wherein the heat slug has a groove around
the periphery thereof inside the heat slug pillars.

4. The system as claimed in claim 1 wherein the heat slug includes the heat slug
with lines for individual heat slugs connected by tie bars.

5. The system as claimed in claim 1 further comprising:

electrical bonds for electrically bonding dies to the substrate;

pillars of adhesive for forming heat slug pillars around the periphery of the substrate;

placing a heat slug on the pillars of adhesive; and

solder balls on the substrate electrically connected to the dies.

6. The system as claimed in claim 5 wherein the heat slug is above the dies and
electrical bonds.

7. The system as claimed in claim 5 wherein the heat slug has indentions
provided therein.

8. The system as claimed in claim 5 wherein placing the heat slug includes a
groove around the periphery thereof inside the heat slug pillars and out side the electrical
bonds when positioned.

0. The system as claimed in claim 5 wherein the heat slug has full-etched lines

for individual heat slugs connected by tie bars.



