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THERMALLY AND ELECTRICALLY ENHANCED PLASTIC
PIN GRID ARRAY (PPGA) PACKAGE -

- BACKGROUND OF THE INVENTION
1. FIELD OF 'i'HE INVENTION
"~ The present inventipn relates to an integrated circuit package.
2. .DESCRIPTION OF RELATED ART

Integrated circuits (ICs) are typrcally housed in packages that can
be mounted toa pnnted circuit board. One type of integrated circuit
package is a plastic pin grid array (PPGA). A typical PPGA package has
an inner cavity which contains the integrated circuit and is enclosed by
either a lid or an encapsulant material. Within the inner cavity are a
plurality of inner bonding pads that are coupled to the IC by wire bonds
or a TAB (tape automated bonding) tape. The inner pads are coupled to
pins that extend from the outer surface of the package and are
connected to the printed circuit board. |

The inner bonding pads are typically routed to the pins by vias

_that couple the pads to an internal conductive layer. Forming vias is a
relatively time consuming and expensive process. It would therefore be
desirable to provude a PPGA package that can be constructed without
using vias.

_ Integrated circuits are constructed to run at different power levels.
For example, integrated circuits used in desktop computers may run on
5 V power supply, while circuits used in laptop computers may run on a
3.3 V power supply. To reduce tooling cost, etc. it would be desirable to
provide a single PPGA device that can package various ICs product
which operate on different power levels.
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The present invention is an integrated circuit package which
contains a multi-layer printed circuit board that is coupled to a plurality of
external mounting pins and an integrated circuit. - The multi-layered
circuit board has a piurality of inner bonding pads that are coupled to
the integrated circuit and routed directly to the pins without use of any
vias. The printed circuit board has multiple voltage/ground layers so
that different power levels can be supplied to the integrated circuit
board. The integrated circuit is mounted and electrically grounded to a
heat slug that is also coupled to the printed circuit board. The heat'slug
provides the dual function of a ground plane and a thermal sink for the
package. The pins and package are typically configured in a
conventional PPGA package ariangement. :
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'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 perspective view of an integrated circuit package of

the present invention;
Figure 2 is a side cross-sectional view of the package of Fig. 1;

Figure 3 is a top cross-sectional view of the package of Fig. 1;

Figure 4 is an enlarged sectional view of the package of Fig. 2;
Figure 5 is an enlarged sectional view of the package of Fig. 4;
Figure 6 is a perspective view showing bonding pads that wrap

around to an adjacent conductive plane.
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DETAILED DESCRIPTION OF THE INVENTION

Réferring to the drawings more particularly by reference numbers,
Figures 1-5 show an integrated circuit package 10 of the present
invention. The package 10 houses an integrated circuit 12 such as a
microprocessor. Although an integrated circuit 12 is described and
~ shown, it is to be understood that the package may contain other
electrical devices. The package 10 has a plurality of external mdunting
pins 14. The mounting pins 14 are typically soldered to either surface
pads or the plated through holes of an external printed circuit board (not
shown). The pins 14 are preferably gold plated Kovar and are located
within an arrangement that corresponds to a-conventional plastic pin
grid array package (PPGA). Thus the package 10 of the preSent
invention can be plugged into the holes of a conventional external
printed circuit board. In the preferred embodiment, the package 10
contains 296 pins 14. . N

The package 10 contains a mulﬁ-layer printed circuit board 16.
The circuit board 16 has a number of conductive layers 18-28 separated
by dielectric layers 30-44. The conductive layers 20-28 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 (30, 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 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 pianes.
In the preferred embodiment, conductive layers 18 and 26 are dedicated
to ground (VSS), conductive layers 20 and 22 provides power (VCC),

..
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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 layers 20 and 22 depending upon the
power requirements of the circuit 12. '

The bonding pads 46 are located within tiered ledges of the
package 10. The conductive layers 18-28 also contain a plurality of
conductive plated through holes 50. The pins 14 are soldered to the
plated through holes 50 to provide an interconnect between the pins 14
and the bonding pads 46. The bonding pads 46 are routed directly to
the plated through holes without using any vias. As shown in Figure 6,
some of the bonding pads 46 wrap around the end of the dielectric
material and are connected to an adjacent conductive layer. The wrap
around feature provides an interconnect between the bondmg pads and
the conductive planes without using any vias.

Attached to the printed circuit board 16 is a heat slug 52. The
heat slug 52 is preferably constructed from a material such as cdpper
-that is both thermally and electrically conductive. The heat slug may be
nickel and gold plated to provide a wire bonding surface. The heat slug
52 is soldered to conductive layer 18. The conductive layer 18 is
coupled to some of the pins 14, so that the heat slug 18 is electrically
coupled to the pins 14. Mounted to the heat slug 52 is the integrated
circuit 12. The ground pads of the ihtegrated'circuit 12 are soldered to
the heat slug 52 with wire bonds 54. The heat slug 52 and conductive
layer 18 provide a ground plane for the package and electrically couple
the circuit 12 to the pins 14. The heat slug 52 thus provides the dual

“functions of a ground plane 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 54. The wires 54 can be attached to the circuit 12 and the
bonding pads 46 by conventional wire bonding techniques. After the
integrated circuit 12 is bonded to the printed circuit board the inner
cavity 48 is filled with an encapsulant 56 that encloses the circuit 12. As
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an alternate embodiment, a lid may be used to.enclose the circuit 12. A
solder mask 58 may be applied to the outer surfaces of the package to
insulate conductive layer 18 and the pins 14. :

. To assemble a package 10, the individual pnnted circuit boards
are bonded together by the adhesives 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 plated
through holes are also created before the final multi-layer board is
assembled. The heat slug 52 can be mounted to the bdttom_printed
circuit board during the bonding process of the individual boards. -

~ -Afterthe multi-layer board 16 is assembled, the pins 14 are’
soldered to the plated through holes 50 of the board 16." The solder
‘mask 58 is then typically applied to: the outer surfaces of the circuit
board. The circuit board/pin SUbassembly is typically shipped as a
separate unit for subsecjuent. usage with-an integrated circuit.
_ The integrated circuit 12 is mounted to the heat slug 52 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.

While 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. An integrated circuit package for an integrated circuit,
comprising: ' - :

a printed circuit board that has a plurality of inner bonding pads
routed directly to a plurality of conductive holes; and,

a plurality of pins coupled to said conductive holes.

What is claimed is:

2. The package as recited-in claim 1, wherein said printed circuit
board has a plurality of conductive layers.

~ 3. The package as recited in claim 1, further comprising a heat
slug coupled to said printed circuit board. '

4. The package as recited in claim 3, wherein said heat slug is
electrically coupled to said pins. -

5. The package as recited in claim 2, wherein said printed circuit
board has a plurality of power layers.

6. An integrated circuit package assembly, comprising:
a printed circuit board that.has a plurality of inner bonding pads

routed directly to a plurality of conductive holes;
a plurality of pins coupled to said conductive holes; and, -
an integrated circuit coupled to said inner bonding pads.

_ 7. The assembly as recited in claim 6, wherein said printed circuit
_ board has a plurality of conductive layers.

8. The assembly as recited in clairh 6, further comprising a heat
slug that supports said mtegrated circuit and is coupled to said printed
circuit board. - -
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9. The assembly as recited in claim 8, wherem said heat slug is
electncally coupled to said integrated circuit and said pins.

10 The assembly as recited in clalm 7, wherem sald printed
circuit board has a plurality of power layers.

11. An ..integr_ated- circuit package assemblyf,' comprising:
a multi-layer printed circuit board which contains a plurality of
conductive layers that have a plurality of inner bonding pads routed
directly to a plurality of conductive holes; - ‘
a plurality of pins coupled to said conductlve holes
an integrated circuit coupled to said inner bonding pads; and,
a heat slug attached to said multi-layer printed-circuit board and
electrically coupled to said integrated circuit and said pins.

12. The assembly as recited in claim 11, wherein said muiti-layer
printed circuit board has a plurality of power layers,

13. A method for assembling an lntegrated curcunt package,

comprising the steps of:
a) .. attaching a plurality of pins to a plurality of plated holes in

a muiti-layer pnnted circuit board;. SR !

b) mounting a heat slug to said muiti-layer printed circuit
board; _ o o _

c)  mounting an integrated circuit to said heat siug;.

d) coupling said integrated circuit to said multi-layer printed

- circuit board.

14. The method as recited in claim 13, further comprising the
step of enclosing said integrated circuit. -

15. The method as recited in claim 14, wherein said step of
coupling said integrated circuit to said multi-layer printed circuit board is
performed by wire bonding. -
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16. The method as received in claim 13, wherein said heat slug
is electrically coupled to said integrated circuit and said multi-layer

printed circuit board.
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