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BALL GRID ARRAY PLASTIC PACKAGE
Technical Field

This invention concerns manufacture of ball grid array plastic packages

for electronic devices.
Background of the Invention
Recently, William B. Mullen III disclosed in U.S. Patent No. 5,241, 133

* apad grid array plastic package. This package includes a resinous circuit-carrying

substrate having an array of contact pads on the bottom side and an IC unit
electrically and mechanically mounted on the top side of the substrate. A protective
plastic cover is transfer molded about the IC unit, covering most of the top side of
the substrate. Solder balls are formed on the contact pads to provide a ball grid array
that is to be soldered to a main circuit board.

. However, this process utilizes transfer molding which, whlle widely
used, has certain drawbacks. In ttansfer molding, the plastic material is forced under
pressure through gates into a metal mold having recesses defining the shape of the
cover to be produced. One of the main drawhacks of transfer molding is cost of and
time delay in manufacturing metal molds. This becomes especially disadvantageous

‘when there is a need for preparing molds for different sizes of packages or for
: accommodating a number of mold units in a single transfer scheme. There is also a
| poséibility of damage caused by the liquefied thermoplastic material, to the wires

electncally connectmg the IC unit to the metallizations on the top side of the

:; substrate.. Another poss1b111ty is substrate deformation due to the shrinking of the
' "pslrastlc ‘material in the process of curing.
-4 # 3w Clearly, a need exists for a ball grid array plastlc package which is

simple ‘to construct and produce on a mass production basis and which can be in-

_ "house assembled with the IC unit for fast prototyping.

Summary of the Inventlon

A pad gnd array plastic package includes a laminated plastic body with
a centrally located cavity, an IC unit secured within the-cavity, and an encapsulating
organic polymer, such as epoxy, enclosing the cavity. The laminated body includes
a substrate and a structural member on top of the substrate and having a centrally
located aperture forming the cavity. The substrate is provided with metal patterns on
both planar surfaces thereof, through-plated vias electrically connecting the metal
patterns, and a grid array of contact pads on the bottom surface of the substrate,
electrically connected to the metal pattern. The structural member provides strength
and rigidity to the laminate and is sufficiently thick to enable protection of the IC
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unit when the cavity is enclosed with the encapsulating polymer. Also disclosed is a
method of making the package with a laminate containing a cavity, metal patterns
and grid pad array for use in assembling the package.

Brief Description of the Drawings

FIG. 1 is a perspective cut-away view of the plastic package;

FIG. 2 is a schematic representation of a typical plan view of the bottom
of the plastic package showing a pad grid array, metallizations and via holes;

FIG. 3 is a cross-sectional side view of the complete package shown in
FIG. 1 through Section 3-3;

FIG. 4 is an exploded cross-sectional view depicting components of a
preassembly of the package prior to the laminating step; and

FIG. 5 is a cross-sectional view of the components of the preassembly
after the laminating step.
Detailed Description of the Invention

In FIG. 1 is shown a perspective partial cut-away view of a complete
Pad Grid Array Plastic Package, generally designated as 1. In FIG. 2 is shown the
bottom view of package 1 and in FIG. 3 is shown a cross-sectional side view of the
package taken along the 3-3 line. When the pads are provided with solder balls this
becomes a Ball Grid Array Plastic Package. For illustration purposes, various
dimensions in the drawings are not to scale.

Package 1-includes a laminate, 2, an IC unit, 3, and an encapsulant, 4.
The laminate includes a plastic substrate, 5, a cured plastic prepreg, 6, and a plastic
structural member, 7. The prepreg and the structural member are provided with an
aperture, 8, forming with the substrate a cavity, 9. In this embodiment, substrate 5 is
a double-sided substrate provided with metallizations 10 and 11, both on top and
bottom surfaces 12 and 13, respectively, and a metal bonding pad, 14. However, for
improved electrical performance, substrate 5 may contain additional metallization
layers forming a multi-layer substrate as is well known in the art. The electrical
connection between metallizations 10 on the top surface and metallizations 11 on the
bottom surface of the substrate is provided by means of through-plated vias, 15. IC
unit 3 is bonded within the cavity to the bonding pad. The IC unit is attached to the
bonding pad by means of an adhesive, 16. The IC unit is electrically connected by
means of gold wires, 17, to individual metallizations on the top surface of the
substrate.
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Structural member 7 covers the ends of metallizations 10 and vias 15,
leaving uncovered only portions of metallizations 10 within the cavity.

Encapsulant 4 encloses IC unit 3, wires 17 and those portions of metallizations 10
which are not covered by the structural member 7. The structural member provides
strength and rigidity to the package and is thick enough to ensure complete coverage
of wires 17 by encapsulant 4.

The bottom side of substrate 5, shown in FIG. 2, contains an array of
contact pads, 18, arranged in a particular configuration. Contact pads 18 are
connected by metallizations 11 to vias 15. The contact pads are typically circular but
may assume other shapes. The contact pads serve to provide an electrical
interconnection between the grid array package and a main circuit board (not
shown). If the grid array package is to be soldered to the main circuit board, solder
balls, 19, may be used on the contact pads. A solder mask, 20, is placed on the
bottom surface 13 of the package leaving exposed contact pads 18. Solder mask 19
which is of a dielectric material covers the metallizations 11 and vias 15 to prevent
deposition of solder on the metallizations where it is not needed.

An exemplary process of manufacturing the packages is described with
reference to FIGs. 4 and 5 of the drawings. Sheets of materials to be bonded into a
laminate are assembled into a preassembly, 21, shown in an exploded view depicted
in FIG. 4. The sheets may be large enough to produce a multitude of packagesina
single operation. The size of the sheets may be limited only by the size of the press
used for laminating the preassembly into laminate 2.

Preassembly 21 includes a substrate sheet, 22, a bonding sheet, 23, and
structural member sheet, 24. Sheets 22 and 24 are of a typical "C"-stage printed
wiring board (PWB) material. Bonding sheet 23 is of a "B"-stage or "prepreg”
material. The B-stage is an intermediate stage in the reaction of a thermosetting
resin in which the material softens when subjected to pressure and heat but does not
entirely fuse. The B-stage material typically is of the same material as the C-stage .
material but only in a partially cured state.

Substrate sheet 22 is provided with metallization pattern including top
and bottom metallizations 10 and 11, through-plated vias 15, and IC unit-bonding
metallization pad 14. The bottom of the substrate sheet also includes contact
pads 18 electrically connected to metallizations 11 (see FIG. 2). Both bonding
sheet 23 and structural. member sheet 24 are provided with aperture 8. The aperture
is large enongh to accommodate the IC unit and to expose a sufficient portion of
ends of metallizations 10 to enable bonding of wires 17 thereto in a subsequent
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assembly operation.

Preassembly 21 of sheets, 22, 23 and 24 is placed into a laminating press
(not shown) wherein the preassembly is subjected to pressure and heat to laminate
the sheets into a single laminate 2 shown in FIG. 5. If the sheets are of such an
extent as to form a laminate with a plurality of recess cavities, the laminate may then
be cut up into a corresponding plurality of single package units. In either case, each
single package laminate unit is assembled with IC unit 3. The IC unit is attached to
bonding pad 14 by an adhesive, 16. The adhesive may be conductive or non-
conductive, depending on whether or not it is desirable to provide selected electrical
connections between the IC unit and the bonding pad.

Typically, bonding pad 14 is used for bonding purposes only. In some
other instances the bonding pad may be used also as a heat-sink to direct heat away
from the IC unit or as a ground connection for the IC unit. In such other instances
the bonding pad may be connected by means of the through-plated vias to contact
pads on the bottom side of substrate 5.

The bonded IC unit is then electrically connected by means of wires 17
to metallizations 10 (see FIGs. 1 and 3). Cavity 9, including the IC unit, wires and
portions of metallizations adjacent the IC unit, is then enclosed with a suitable
encapsulating resin, such as epoxy, to seal the cavity from harsh environments and to
protect the unit mechanically. This step includes placing a sufficient amount of a
plastic encapsulant into the cavity to enclose the cavity, and permitting the
encapsulant to cure. ]

The completed package is then ready for assembly to a main circuit
board (not shown). The assembly may be accomplished in a known manner, e.g., by
means of conductive adhesives or solder balls (bumps), 19, placed on contact
pads 18 in a known manner forming a Ball Grid Array (BGA). An expedient way of
providing contact pads 18 with solder bumps 19 is described in a copending
application U.S. Serial No. 08/128492 filed on September 23, 1993 in the name of
Y. Degani, T. D. Dudderar, and W. L. Woods, Jr., which is incorporated herein by
reference.

Additional advantages and modifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not limited to the:
speciﬁc.details, representative devices, and illustrated examples shown and
described. Accordingly, various modifications may be made without departing from
the spirit or scope of the general inventive concept as defined by the appended claims
and their equivalents.
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1. A method of producing a pad grid array package comprising

a laminated plastic body comprising a planar substrate and a planar
structural member, a centrally recessed cavity formed in the structural member, a
metal pattern on the top and bottom surfaces of the substrate, a grid array of contact
pads on the bottom surface of the substrate connected to a metal pattern on said
bottom surface, and conductive vias in the substrate connecting the metallic patterns
on the opposite surfaces of the substrate, each of the vias being positioned away
from said contact pads, '

Claims:

an electronic device mounted within said cavity,

a plurality of electrical leads from said electronic device to the metallic
pattern, and

an encapsulating polymer within the cavity sealing said electronic
device, said electrical leads and said inner portion of the metallic pattern,

which comprises

a) assembling into a preassembly a plurality of coextensive sheets to be
laminated into a planar main body, said preassembly including a substrate sheet, a
bonding sheet and a structural member sheet,

said substrate sheet having a metallization pattern on its top surface, a
grid array of contact pads on its bottom surface, a metallization pattern on said
bottom surface connected to contact pads, and through-plated vias interconnecting
individual metallizations on said top surface to individual metallizations on said
bottom surface,

said top sheet and said prepreg sheets having a centrally located aperture
which is large enough to leave exposed upon assembly inner portions of the top
metallizations;

b) squecting the preassembly to heat and pressure so as to form a
laminated body, the walls of the aperture in the structural member and in the prepreg
sheets and the top surface of the surface sheet forming a cavity;

c) bonding the electronic device to the top surface of the substrate
within the cavity; |

d) electrically connecting said electronic device to said inner ends of the
metallization pattern; and '

e) enclosing the cavity with a synthetic organic encapsulating polymer.

\
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2. The method of producing a plastic laminate for use in fabricating a

pad grid array plastic package comprising
a) assembling into a preassembly a plurality of coextensive sheets to be
laminated into a planar main body, said preassembly including a substrate sheet, a
bonding sheet and a structural member sheet,
said substrate sheet having metallization pattern on its top surface, a grid
array of contact pads on its bottom surface, a metallization pattern on said bottom
surface connected to contact pads, and through-plated vias interconnecting
individual metallizations on said top surface to individual metallizations on said
bottom surface,
said top sheet and said prepreg sheets having a centrally located aperture
which is large enough to leave exposed upon assembly inner portions of the top
metallizations; and
'b) subjecting the preassembly to heat and pressure so as to form a
laminated body, the walls of the aperture in the structural member and in the prepreg
sheets and the top surface of the substrate sheet forming a cavity.

3. The method of claim 1 or 2, wherein said top metallization pattern
includes a metal bonding pad, and wherein said electronic device is electrically and
mechanically mounted on the bonding pad.

4. The method of claim 1 or 2, wherein said substrate and said structural
member sheets are of a C-stage synthetic organic polymer and said bonding sheet is
of a B-state synthetic organic polymer.

S. A pad grid array plastic package, comprising

a laminated plastic body with a centrally located cavity, said body
comprising a planar substrate of an insulating material, a planar structural member of
an insulating material bonded to one surface of the substrate, said structural member
having a centrally located aperture defining said cavity, and metal patterns on
opposite surfaces of the substrate and through-plated vias electrically connecting the
metal pattern on said one surface to the metal pattern on an opposite surface of the
substrate,

an electronic device mounted within said cavity and a plurality of
electrical leads connecting the electronic device to the metallic pattern on said one
surface,

* c L M s *
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a grid array of contact pads on said opposite surface of the substrate,
said pads being connected to the metal pattern, and

a plastic encapsulant within the cavity sealing the cavity from the
environment.

6. A plastic laminate for use in fabricating a pad grid array plastic

package comprising an IC semiconductor unit, which comprises

a planar substrate of insulating material having metal patterns on
opposite planar surfaces, through-plated vias connecting a metal pattern on one
surface of the substrate to a metal pattern on the opposite surface of the substrate,
and a pad grid array on said opposite surface connected electrically to a metal pattern
on said opposite surface,

a structural member of insulating material overlying said one surface of
said substrate, said structural member having a centrally located aperture forming a
cavity for mounting of an electronic device therein, said aperture leaving exposed
portions of the metallic pattern for future electrical connection of the electronic
device to said metallic pattern, said structural member providing strength and
rigidity to the laminate and being sufficiently thick to enable protection of the IC
unit and electrical connections by an encapsulant which is to be deposited within the
cavity.

7. The plastic package or laminate of claim 5 or 6, wherein said
electronic device is an integrated circuit (IC) unit selected from IC semiconductor
chips and IC semiconductor modules.

8. The plastic package or laminate of claim 5 or 6, wherein said
insulating material is a C-state synthetic organic material.

9. The plastic package or laminate of claim 8, in which the substrate and
the structural member are bonded together by means of a B-state synthetic organic
material.

10. The plastic package or laminate of claim 9, or the method of claim 1
or 2, wherein said organic material comprises an epoxy.

11. The plastic package or laminate of claim 5 or 6, or the method of

AR
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claim 1 or 2, wherein said contact pads are provided with solder bumps forming a

ball grid array for interconnection to other circuitry.
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