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. Thermally and Electrically Enhanced Ball Grid Package

1. FIELD OF THE INVENTION
The present invention relates to an integrated circuit package.
2. DESCRIPTION OF RELATED ART

Integrated circuits (ICs) are typically housed within a package that
is soldered to a printed circuit board. The IC package can be soldered
to the printed circuit board by a plurality of solder balls. Such a package
is commonly referred to as a ball grid array (BGA). BGA packages can
be used to house large integrated circuit devices such as
microprocessors. Microprocessors generate a relatively large amount of
heat and typically réquire a significant number of input/output (I/O) pins.
The heat increases the junction temperatures, which may affect the
performance of the integrated circuit. It is therefore desirable to have a
thermally efficient package structure to remove the heat from the IC. The
high I/O requirements of a microprocessor typically increase the routing
space and overall size of the package and the printed circuit board
assembly. It is therefore desirable to provide a BGA package that is
both compact and thermally efficient. _

Microprocessors operate at relatively high speeds, wherein noise
can be introduced to the signals traveling between the integrated circuit
and the printed circuit board. The microprocessor may also require
multipie voltage levels. It would be desirable to provide a compact,
thermally efficient BGA package that reduces electrical noise and allows
muttiple voltage levels to be supplied to the integrated circuit.

SUMMARY OF THE INVENTION
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The present invention is an integrated circuit package which has
internal bonding pads that are located on bonding shelves and coupled
to internal conductive power/ground planes by conductive strips that
extend along the edges of the shelves. The edge strips eliminate the
need for conventional vias to couple the bonding pads to the planes and
thus reduces the cost and size of the package. The edge stripsalso .
improve the electrical performance of the package. The bonding pads
are coupled to an integrated circuit that is mounted to a heat slug
attached to a top surface of the package. The heat slug can function as
both a ground path and a thermal sink for the integrated circuit. The
package may have capacitors coupled to the internal routing of the
package to reduce the electrical noise of the signals provided to the
integrated circuit. Additionally, the package may have multiple power
planes dedicated to different voltage levels. The bonding pads and
conductive planes are coupled to landing pads located on a bottom
surface of the package. Attached to the landing pads are solder balis
which can be soldered to an external printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the present invention will become
more readily apparent to those ordinarily skilled in the art after reviewing
the following detailed description and accompanying drawings,
wherein:

Figure 1 is a cross-sectional view of an integrated circuit package
assembly of the present invention;

Figure 2 is a top view of the integrated circuit package;

Figure 3 is a bottom view of the integrated circuit package;

Figure 4 is an enlarged sectional view showing a plurality of
bonding pads of the package;

Figure 5 is a bottom view of a ball landing of the package;

Figure 6 is an alternate embodiment of a ball landing;

Figure 7 is an alternate embodiment of a ball landing.
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DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings more particularly by reference numbers,
Figures 1-3 show an integrated circuit package assembly 10 of the
present invention. The assembly 10 includes an integrated circuit 12
located within a package 14. The integrated circuit 12 may be an
electronic device such as a microprocessor. Although a single
integrated circuit 12 is shown and described, it is to be understood that
multiple integrated circuits, or other non-IC slectronic devices can be
housed within the package 14 of the present invention.

The package 10 contains a multi-layer printed circuit board 16.
The circuit board 16 has a number of conductive layers 18-28 separated
by dielectric fayers 32-44. The conductive layers 20, 24 and 28 have
inner bonding pads 46 located within an inner cavity 48 of the package
10. In the preferred embodiment, the multi-layer printed circuit board is
constructed from four different conventional printed circuit boards that
have conductive lines/planes on one or both sides of a hard dielectric
substrate (32, 36, 40 and 44). The substrate may be a glass filled epoxy
or other conventional printed circuit board material. The printed circuit
boards are typically bonded together with an adhesive such as a
polyimide (34, 38, and 42). Constructing the package 10 with
conventional printed circuit board technology decreases the cost of
developing and producing the multi-layer package 10.

The conductive layers of the multi-layer printed circuit board 16
are constructed to transmit both power and digital signals, wherein the
digital signals are typically carried by individual leads and power is
supplied on conductive planes. In the preferred embodiment,
conductive layers 18 and 26 are dedicated to ground (VSS), conductive
layers 20 and 22 provides power (VCC), and layers 24 and 28 carry
digital signals. Each power layer can provide a different level of power.
For example, the conductive layer 20 can be coupled to a 5 V power
supply and conductive layer 22 can be coupled to a 3.3 V power supply.
The integrated circuit 12 can be wire bonded to one or both power
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layers 20 and 22 depending upon the power requirements of the circuit
12.

As shown In Figure 4, the bonding pads 46 are located on tiered
shelves of the package 10. Some of the bonding pads 46 have
additional strips 52 that wrap around the end of the dielectric material
and are connected to an adjacent underlying conductive layer 22 or 26.
The wrap around feature provides an interconnect between the bonding
pads 46 and the conductive planes 22 or 26 without using any vias.

Attached to the printed circuit board 16 is a heat slug 54. The
heat slug 54 is preferably constructed from a material such as copper
that is both thermally and electrically conductive. The heat siug 54 may
be mounted to conductive layer 18 with an electrically and thermally
conductive adhesive 30. Mounted to the heat slug 54 is the integrated
circuit 12. Ground pads located on the bottom of the integrated circuit
12 can be electrically coupled to the heat slug 54. The heat slug 54
provides a ground plane for the package and electrically couples the
‘circuit 12 to the circuit board 16. The heat siug 54 can thus provide the
dual functions of a ground piane and a thermal sink.

The integrated circuit 12 also contains outer surface pads (not
shown) that are coupled to corresponding inner bonding pads 46 by
wires 56. The wires 56 can be attached to the circuit 12 and the
bonding pads 46 by conventional wire bonding technigques. After the
integrated circuit 12 is bonded to the printed circuit board 16 the inner
cavity 48 is filled with an encapsulant 58 that encloses the circuit 12. A
solder mask 60 is applied to the outer surfaces of the package to
insulate the outer layers of the circuit board 16.

A passive element 62 such as a capacitor can be attached to the
circuit board 16. The capacitor 62 which is attached to the ground plane
{18) is connected to the power planes by plated through hole vias 64.

As shown in Fig. 3, the bottom layer 44 of the circuit board 16 has
a plurality of soider balls 68 attached to a plurality of ianding pads 70.
The landing pads 70 are coupled to the integrated circuit 12 by the vias
and routing of the package 14. As shown in Fig. 1, the solder balls 68
are attached to a printed circuit board 72.
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Figures 5-7 show alternate landing pad 70, 70' and 70"
configurations. To prevent shorting and environmentai contamination,
the solder resist 60 is typically applied across the bottom surface of the
package 14. Openings 72, 72' and 72" are formed above the lands 74,

- 74 and 74", respectively, to allow the solder balls 68 to be attached
thereto. The openings 72 can be made larger than the land 74 as
shown in Fig. 5 or smaller than the land 74" as shown in Fig. 7. The
lands are connected to vias 76 that couple the solder balls 68 to the
internal routing of the package.

To assemble a package 10, the individual printed circuit boards
are bonded together by adhesive to create the multi-layer printed circuit
board 16. The individual printed circuit boards can be bonded together
using conventional lamination techniques. Before the boards are
bonded to together, the conductive planes and traces are etched into a
desired pattern to create conductive layers 18-28. The heat slug is
mounted to the top of the printed circuit board 16 and the solder resist
60 is applied to the outer surfaces of the circuit board.

After the multi-layer board 16 and heat slug 54 are assembled,
the solder balls 68 can be attached to the landing pads 70. The
package is typically shipped as a separate unit for subsequent usage
with an integrated circuit 12. The integrated circuit 12 is mounted o the -
heat slug 58 and wire bonded to the printed circuit board 16. The
package may then be tested and filled with an encapsulant 56 to
enclose the circuit 12. _

Whiie certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the specific
constructions and arrangements shown and described, since various
other modifications may occur to those ordinarily skilled in the art.
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1. A ball grid array package for an integrated circuit, comprising:

a circuit board that has a landing pad and a conductive plane,
said circuit board further having a shelf and a bonding pad, wherein
said conductive plane is connected to said bonding pad by a conductive
strip that extends across an edge of said shelf;

a heat siug attached to said circuit board; and,

a solder ball attached to said landing pad of said circuit board.

What is claimed is:

2. The package as recited in claim 1, wherein said heat slug is
electrically coupled to a second conductive plane.

3. The package as recited in claim 1, further comprising a
passive element attached to said circuit board.

4. The package as recited in claim 3, wherein said passive _
element is a capacitor mounted to an external conductive plane of said
circuit board.

5. The package as recited in claim 1, wherein said landing pad is
coupled to said conductive plane by a via.

6. A ball grid array package assembly, comprising:

a circuit board that has a landing pad and a conductive plane,
said circuit board further having a shelf and a bonding pad, wherein
said conductive plane is connected to said bonding pad by a conductive
strip that extends across an edge of said shelf;

a heat slug attached to said circuit board;

an integrated circuit mounted to said heat slug; and,

a solder ball attached to said landing pad of said circuit board.

7. The package assembly as recited in claim 6, wherein said
integrated circuit is electrically coupled to said heat slug.
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8. The package assembly as recited in claim 6, wherein said
heat siug is electrically coupled to a second conductive plane.

9. The package assembly as recited in claim 6, further
comprising a passive element attached to said circuit board.

10. The package assembly as recited in claim 6, wherein said
passive element is a capacitor mounted to an external conductive plane
of said circuit board.

11. The package assembly as recited in claim 6, wherein said
landing pads are coupled to said conductive plane by vias.

12. A printed circuit board assembly, comprising:

a circuit board that has a landing pad and a conductive plane,
said circuit board further having a shelf and a bonding pad wherein said
conductive plane is connected to said bonding pad by a conductive strip
that extend across an edge of said shelf;

a heat slug attached to said circuit board;

an integrated circuit mounted to said heat slug;

a solder ball attached to said landing pad of said circuit board,;
and, . -

a printed circuit board attached to said solder ball.

. 13. The board assembly as recited in claim 12, wherein said
integrated circuit is electrically coupled to said heat slug.

14. The board assembiy as recited in claim 13, wherein said heat
slug is electrically coupled to a second conductive plane.

15. The board assembly as recited in claim 12, further
comprising a passive element attached to said circuit board.
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16. The board assembly as recited in claim 15, wherein said
passive element is a capacitor mounted to an external conductive plane
of said circuit board.

17. The board assembly as recited in claim 12, wherein said
landing pad is coupled to said conductive plane by a via.
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