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A . cases an integrated circuit device (IC). In an example embodiment, a semiconductor
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sz\ pad landings (265). The conductive traces have pad landings (265). An IC (230) is
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size-opening facilitates the introduction of molding compounds (25) into the cavity
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CUT-OUT HEAT SLUG FOR INTEGRATED CIRCUIT DEVICE PACKAGING

The invention relates to semiconductor processing. More particularly this invention
relates to the encapsulation of integrated circuit (IC) devices with a molding compound in
high performance packages.

The electronics industry continues to rely upon advances in semiconductor
fechnology to realize higher-function devices in more compact areas. For many
applications, realizing higher-functioning devices requires integrating a large number of
electronic devices into a single silicon wafer. As the number of electronic devices per given
area of the silicon wafer increases, the manufacturing process becomes more difficult.

A large variety of semiconductor devices has been manufactured having various
applications in numerous disciplines. Such silicon-based semiconductor devices often
include metal-oxide-semiconductor field-effect transistors (MOSFET), such as p-channel
MOS (PMOS), n-channel MOS (NMOS) and complementary MOS (CMOS) transistors,
bipolar transistors, BICMOS transistors. Such MOSFET devices include an insulating
material between a conductive gate and silicon-like substrate; therefore, these devices are
generally referred to as IGFETs (insulated-gate FET).

Each of these semiconductor devices generally includes a semiconductor substrate
on which a number of active devices are formed. The particular structure of a given active
device can vary between device types. For example, in MOS transistors, an active device
generally includes source and drain regions and a gate electrode that modulates current
between the source and drain regions.

Furthermore, such devices may be digital or analog devices produced in a number
of wafer fabrication processes, for example, CMOS, BiCMOS, Bipolar, efc. The substrates
may be silicon, gallium arsenide (GaAs) or other substrate suitable for building
microelectronic circuits thereon.

U.S. Patent 6,552,428 B1 of Huang et a/ titled, “Semiconductor Package Having an
Exposed Heat Spreader,” relates to semiconductor packages and more, particularly, to a ball
grid array (BGA) semiconductor package having a heat spreader for effectively performing
heat dissipation.

U.S. Patent 6,432,749 B1 of Libres titled, “Method of Fabricating Flip-Chip IC
Packages with Heat Spreaders in Strip Format,” relates generally to a method of fabricating
plastic encapsulated integrated circuits and more specifically to ﬂip:chip devices with heat

spreaders.
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U.S. Patent 6,191,360 B1 of Tao et al. titled, “Thermally Enhanced BGA Package,”

relates generally to an encapsulated BGA and more particularly to a flip-chip packaging
having a thermally conductive member encapsulated with the chip. This and the previous
references are incorporated by reference in their entirety.

For a given technology, an important aspect of IC manufacturing is the packaging of
finished die and providing sufficient cooling. In a particular family of packages, for
example, High-Performance Ball Grid Arrays (HBGA), these packages are designed for
high power applications. The high power dissipation necessitates adequate cooling of the
active IC device. Insufficient cooling results in reduced reliability. Using a heat slug
provides cooling. The heat slug placed over the IC device and attached to the package -
substrate. A molding compound is then injected into space between the device die and the
heat slug. The molding compound encapsulates the device die and aids in adhesion of the
heat slug to the package substrate.

During the molding process, stresses to the heat slug and to its attachment to the
package substrate may cause cracking. This cracking may allow foreign contaminants to
enter the IC device as the device encapsulation/seal is compromised or worse, break
electrical connections from the device’s bonding pads to the pad landings of the HBGA.
Such breakage reduces yield and significantly increases costs. There exists a need for a heat
slug that overcomes these shortcomings.

In an example embodiment, a semiconductor package structure comprises a
substrate. The substrate has conductive traces and the traces have pad landings. An
integrated circuit device (IC) is mounted on the substrate; the IC has bonding pads and a
plurality of conductive wires connecting the 1C bonding pads with the pad landings
connected to the traces. A heat slug having a predetermined height is disposed on the
surface of the substrate. The heat slug includes a plurality of mounting feet. The mounting
feet provide mechanical attachment of the heat slug to the substrate. The heat slug further
includes a cavity to accommodate the IC device, a plurality of first-size openings, the
plurality of first-size openings surrounding the IC device, and a second-size opening the
second size opening constructed. from one of the first-size openings the second-size
opening being larger than the first-size opening. The second-size opening facilitates the
introduction of molding compound into the cavity of the heat siug. A feature of this
embodiment, further includes additional mounting feet located in the vicinity of the second

size opening.
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In another example embodiment, there is a method of bonding an integrated circuit
die (IC) to a substrate. The method comprises, placing the IC on the substrate. After
placing the IC on the substrate, the IC is attached. The IC is wire bonded to the substrate.
A heat slug is disposed over the IC and the heat slug is attached to the substrate. The heat
slug includes a plurality of mounting feet, providing mechanical attachment of the heat slug
to the substrate, a cavity to accommodate the IC device, a plurality of first-size openings
surrounding the IC, and a second-size opening constructed from one off the first-size
openings the second-size. The second size opening facilitates the introduction of molding
compound into the cavity of the heat slug. After the heat slug is attached to the substrate,
molding compound is injected into the second size opening of the heat slug.

The above summaries of the present invention are not intended to represent each
disclosed embodiment, or every aspect, of the present invention. Other aspects and example
embodiments are provided in the figures and the detailed description that follows.

The invention may be more completely understood in consideration of the following
detailed description of various embodiments of the invention in connection with the
accompanying drawings, in which:

FIG. 1A (Prior Art) illustrates in top view a prior art heat slug;

FIG. 1B is a cross-section of the heat slug of FIG. 1A;

FIG. 2A depicts in top view an embodiment of a heat slug according to the present
invention;

FIG. 2B is a cross-section of the heat slug of FIG. 2A;

FIG. 2C depicts an example heat-slug similar to that of FIG. 2A but with additional
mounting feet; and

FIG. 3 depicts an example process packaging an IC with a heat slug.

The present invention has been found to be useful in overcoming challenges
associated with the packaging of IC devices in HBGA packages. In an example substrate, a
prior art heat slug (Refer to FIG. 1A) may undergo too much stress as the molding
compound is injected through the openings 115. The pressure of injecting the molding
compound (guided by the mold 140) may cause one or more mounting feet 110 of the heat
slug 120 to lift off of substrate 100. In one example process, these mounting feet 110 are
glued onto the substrate 100.

As indicated in FIG. 1B, the molding compound 15 (guided by the mold 140) may
not properly flow through via ports 115 to the IC device 130 encased by the heat slug 120.
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On the substrate 100, there is a landing 150 from which the molding compound’s flow
begins into the heat slug 120 and mold 140. The improper flow of molding compound 15
may place undue stress on one or more bond wires 125. As the solder balls 105 are
mounted later in the process, these stresses may manifest themselves as broken mounting
feet 110 or broken bond wires 125. In an example process, using lead-free solder balls
made of an SAC405 (SnAg 4.0, Cu 0.5) reqliire higher mounting temperatures than those of
traditional solder balls having a lead-based chemistry.

Refer to FIG. 2A. In an example embodiment according to the present invention, a
high performance ball grid array (HBGA) substrate 200 has a heat slug 220 mounted
thereon. A single wire bond 225 is shown. An example lead count for an HBGA is 388
leads. Of course, these counts may be increased depending upon the IC device mounted
therein. However, in other examples, HBGA may have upwards of 1000 or more bond
wires providing electrical connection to the packaged IC device. There are three mounting
feet 210. One mounting foot 210 has been cut out 255. Corresponding through holes in the
substrate 200 beneath the mounting feet 210 may be defined to provide attachment locations
for the heat slug 200. On the substrate 200, there is a landing 250 from which the molding
compound’s flow begins into the heat slug 220 and mold 240. Refer to FIG. 2B. This cut
out 255 enables molding compound 25 (guided by the mold 240) to flow more readily
through via the three ports 215 to the IC device 230 encased by the heat slug 220. Stress on
the bond wire 225 and IC device 230 is reduced. The bond wire 225 connects the IC 230 at
a bonding pad 245 to a pad landing 265. The pad landing 265 through a conductive trace
235 in the substrate 200 is connected to a ball 205 of the ball grid array, providing electrical
connection from the IC to the exterior of the substrate 200.

In another example embodiment, additional mounting feet may be included in the
vicinity of the heat slug cutout. Refer to FIG. 2C. Mounting feet 270 near the cut out of the
heat slug 220 may be included to provide additional attachment of the heat slug 220 to the
substrate 200. On the substrate 200, corresponding locations beneath the mounting feet
210, 270 may be defined to provide so that the heat slug 220 may be attached.

Other example embodiments may include an additional cut out opposite the cutout
255 (FIG. 2A). Such a configuration would further facilitate the flow of molding compound
during encapsulation.

FIG. 3 depicts an example process 300, in which the example embodiment shown in

FIG. 2A and FIG. 2B may be used. The integrated circuit die is placed on a substrate 310.
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The integrated circuit die is attached on the substrate 320 with a process appropriate for the
package. The integrated circuit die is wire bonded to the substrate 330. The heat slug
according to an embodiment of the present invention is attached to the substrate 340. Viaa
mold that is placed over the heat slug, molding compound is injected through openings in
the heat slug 350. The molding compound surrounds the heat slug; within the cavity
defined by the heat slug, the wire bonded die is encapsulated.

While the present invention has been described with reference to several particular
example embodiments, those skilled in the art will recognize that many changes may be
made thereto without departing from the spirit and scope of the present invention, which is

set forth in the following claims.
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CLAIMS
What is claimed is:
1. A semiconductor package structure, comprising: a substrate (200), the

substrate having conductive traces (235), the traces having pad landings (265); an integrated
circuit (230) device (1C) mounted on the substrate (200), the 1C having bonding pads (245);
a plurality of conductive wires (225) connecting the IC bonding pads (245) with the pad
landings (265) connected to the traces (235); a heat slug (220) having a predetermined
height disposed on the surface of the substrate (200), the heat slug including a plurality of
mounting feet (210) the mounting feet providing mechanical attachment of the heat slug to
the substrate, a cavity (220a) to accommodate the IC device, a plurality of first-size
openings (215), the plurality of first-size openings surrounding the IC device (230); a
second-size opening (255), the second size opening constructed. from one of the first-size
openings (215) the second-size opening (255) being larger than the first-size opening, the
second-size opening facilitating the introduction of molding éompound (25) into the cavity
of the heat slug.

2. The semiconductor package structure of claim 1, wherein the second-size
opening is larger than one of the first-size openings.

3. The semiconductor package structure of claim 1, wherein the second-size
opening displaces a location (250) otherwise adapted for one of the plurality of mounting
feet.

4. The semiconductor package structure of claim 1, wherein the predetermined
height of the heat slug is greater than or equal to that of a cavity of an encapsulating mold
(240).

5. A heat slug (220) comprising: a lower portion (220b), the lower portion
having a plurality of mounting feet (210); an upper portion (220a), the upper portion having
a cavity, the cavity of sufficient size to accommodate an integrated circuit device (230); a
plurality of first-size openings (215), the plurality of first-size openings surrounding the 1C
device (230); a second-size opening (255), the second size opening constructed from one of
the first-size openings, the second-size opening being larger than the first-size opening, the
second-size opening facilitating the introduction of molding compound (25) into the cavity
of the heat slug (220).

6. The heat slug of claim S, wherein the second-size opening (255) displaces a

location (250) otherwise adapted for one of the plurality of mounting feet.
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7. The heat slug of claim 5, wherein the upper portion (220a) has a height

greater than that of a cavity of an encapsulating mold.

8. The heat slug of claim 5, wherein the plurality of mounting feet (210) is at
least three.
9. The heat slug of claim 8, wherein the plurality of mounting feet (210) further

includes additional mounting feet (270) in the vicinity of the second size opening (255).

10. A high performance ball grid array (HBGA) package structure, comprising: a
substrate (200), the substrate having conductive traces (235), the traces having pad landings
(265); an integrated circuit (230) device (IC) mounted on the substrate (200), the IC having
bonding pads (245); a plurality of conductive wires (225) connecting the IC bonding pads
(245) with the pad landings (265) connected to the traces (235); a heat slug (220) having a
predetermined height disposed on the surface of the substrate (200), the heat slug including
a cavity (220a) to accommodate the IC device, a plurality of first-size openings (215), the
plurality of first-size openings surrounding the IC device (230); a second-size opening
(255), the second size opening constructed. from one of the first-size openings (215) the
second-size opening (255) being larger than the first-size opening, the second-size opening
facilitating the introduction of molding compound (25) into the cavity of the heat slug; and
a plurality of mounting feet (210) the mounting feet providing mechanical attachment of the
heat slug to the substrate, wherein the plurality of mounting feet (210) further include
additional mounting feet (270) in the vicinity of the second size opening (255).

1. A method (300) of bonding an integrated circuit die (IC) to a substrate, the
method comprising: placing (310) the IC on the substrate; attaching (320) the IC to the
substrate; wire bonding (330) the IC to the substrate; disposing (340) a heat slug over the IC
and attaching the heat slug to the substrate, the heat slug including, a plurality of mounting
feet, providing mechanical attachment of the heat slug to the substrate, a cavity to
accommodate the IC device, and a plurality of first-size openings surrounding the IC; a
second-size opening constructed from one off the first-size openings the second-size
opening being larger than the first-size opening, the second-size opening facilitating the
introduction of molding compound into the cavity of the heat slug; and injecting (360)
molding compound into the second-size opening of the heat slug.

12.  The method of claim 10, wherein injecting the molding compound, includes
prior to injecting the molding compound, surrounding (350) the heat slug with an

encapsulation mold (240).
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