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MOLDED FLEX CIRCUIT BALL GRID ARRAY
AND METHOD OF MAKING

: ATED APPLICATIONS

This application is related to commonly assignead
United States Patent Application Serial No. 08/214,339
filed March 16, 1994 in the name of Bruce J. Freyman et
al. and the commonly assigned and concurrently filed
United States Patent Application Serial No. 08/637,877
filed April 24, 1996 in the name of Bruce J. Freyman,
John Briar and Jack C. Maxcy and entitled Grid Array
Assembly and Method of Making, the disclosure of which
concurrently filed application is incorporated herein
by reference. '

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to packaged grid array
assemblies including integrated circuit chips or dies
and a method of making such assemblies. More
particularly, the invention relates to a method and
resultant article which yields a ball grid array
incorpofating a flexible circuit substrate which can be -
manufactured reliably and at a low cost.

. 2. Related Art |

As integrated circuits have become more complex, a

need has arisen for a packaged integrated circuit

- ‘having a large number of high density, reliable

external package connections. It is also desirable to
include in a packaged integrated circuit one or more
conductive layers for signal routing and provision for
ground and-power_metallization traces. To meet these
needs, the ball grid array has been developed as
illustrated in Fig. 1 of the commonly assigned related
application Serial No. 08/214,339 filed 03/16/94 in the
name of Bruce J. Freyman et al.

A typical prior art ball grid array includes a
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semiconductor die, referred to herein as an integrated
circuit (IC) or chip, attached to a die attach surface
on a printed circuit board (PCB) with adhesive.
Electrically conductive bond pads on the die are
éonnected by electrically conductive bond wires to
electrically conductive traces'and/or’électrically
conductive regions formed on or adjacent to the die
attach surface of the PCB substrate. Electrically
conductive vias are then formed through the substrate
from the traces and/or regions on the die attach
surface to a mounting surface of the PCB substrate
which is opposite the die attach surface. The
electrically conductive traces formed on the mounting
surface extend to solder pads formed on the mounting
surface. Solder bumps are formed on each of the solder
pads. The solder bumps are later reflowed to attach
the BGA package to another electronic component such as
a PCB mother board. An encapsulant such as plastic is
formed to enclose the semiconductor die, the bond
wires, and a portion of the die attach surface of the

‘substrate, inciuding most of the txaces and/or regions..

The vias are shown outside the encapsulant in Fig. 1 of
the commonly assigned application serial
number 08/214,339, however, in other embodiments the

~ yias can be inside the encapsulant. The encapsulant is.
- frequently formed by injection or transfer molding or

by other well known molding methods and equipment to
form the_encapsulant“over the die in a ball grid array.
Ligquid (glop top) encapsulant also can be used.

currently, molded plastic ball grid array packages
are the least expensive method of producing a ball grid
array style semiconductor package. In the prior art,
the most expensive cdmponént'of the ball grid array
package is the substrate, which as discussed above, is
typically a laminated glass fiber material such as
printed circuit board (PCB).
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In an effort to reduce the cost of plastic ball

. grid_array_packagss, a good déal of research has been

directed towards investigating alternative substrate
materials to replace the relatively expénsive PCB
substrates. One promlsing material for replacing PCB
substrates is a polylmlde film with metal traces and/or
'bondlng positions formed on the polyimide film. The
combination of polyimide film w1th metal traces is
referred to in the art as a flexible circuit or flex
circuitry. The metal traces of the flex circuitry are
typically formed by either applylng a laminated copper
foil to the polyimide f;lm and etching to define the
conductors (subtractive process) or by vacuum
depositing copper directly onto the polyimide film
folléwed by pattern plating (sdditive.process).

Flex circuitry is typically fabricated into a ball
grid array substrate by two different approaches. In
the first approach, the flex circuitry is fabricated
into a ball grid array substrate by pre-applying the
metai, such as coppet, on both sides of the polyimide
£ilm. Once the metal is deposited, standard drilling,
punching, or etching techniques; well known to those of

8kill in the art, are used to form vias through the

flexible clrcultry. Once the vias are fo:med, standard
photo-delineation technigues are employed to produce
the desired metallization pattern, including metal
tzaces.and bonding locations. A flex circuitry
substrate created by this first approach is identical

‘in format to the printed circuit board substrates

currently used with plastic ball grid arrays. However,
there is the critical difference in that the circuits
and traces are formed on the flexible polyimide film-
rather than a glass-reinforced printed circuit board
laminate. | . _

Using this first approach of forming a flex
circuitry substrate,.the upper surface of the substrate
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. contains a metal pattern that is used for mounting the T

die and Wire:bonding the die to the substrate. The
electrically conductive vias- conduct the electrical
szgnals from the upper surface of the flex circuitry -
substrate to the circuit pattern on the ‘lower surface

of the flex circuitry substrate. The circuit pattern

on the bottom of the flex circuitry substrate carries-

the electrical 51gnals from the v1a to--an array of

.metal terminations, usually solder balls, which are

attached to pre-determined 1ocations on the bottom-of
the flex circuitry substrate. S

In the second approach to us1ng ‘flex circuitry to
form a ball grid array substrate, the flex circuitry is
formed with the metal circuit and trace patterns formed
only on the upper ‘surface of the flexxble polyimide T
film. Us1ng this second approach, the metal'pattern
formed only on the upper surface of the flexible film
is used for chip mounting and wire bondlng the chip to - -
the circuit. The circuit pattern typically-includes an
array of round copper features’ outside of the wire bond
pad. The backside of the copper film on these round __
metal features is then exposed by holes in the flexible

film which can be formed by etching, draWing, punching,

or other techniques well known to those of skill in the
art. '

Using this second approach of forming-a flex
circuitry substrate, the back side ofjthe copper- £ilm
is then used as a surface for the attachment of solder -

balls during the assembly of the plastic.ball grld

array package. _ _
One advantage of forming a_plastic ball grid array
package using a flex circuitry substrate is that the J—

flex circuitry substrate can be made in a reel-to-reel

format in very hlgh volume. Consequently, flex
circuitry substrates have the potential to be a lower

cost substrate then the printed clrcuit board
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substrates in current use. Anqthé?,advantage_of flex

circuits is that they offer the capability to produce

finer metal conductor patterns. For flex circuits that
use an additive process to form the conductors, wire
bonding fingers can be placed more closely together
compared to conventional subtractive printed circuit
board substrates. This allows more interconnections to
the IC chip per unit area, which reduces cost.
Unfortunately, there are several problems
associated with'using flex circuitry substrates for

plastic ball grid array manufacturing. First of all,

the flex circuitry is very difficult to handle in a

- factory environment, i.e. in-.a mass production

environment, because flex circuitry substrates lack the
rigidity neéessary for automated manipulation in mass
production asseﬁbly_lines. _

| In addition, the flex circuitry substrates that
are formed using the first approach described above,
i.e. the flex circuitry substrates that have metal
traces on both surfaces and are molded in the same
format as printed circuit board substrates, have a high
warpage factor and exhibit poor solder ball co-
planarity. This is because flex circuitry substrates
typically warp during the curing of the mold compound
used to encapsulate'the ball grid array. Thié problem
is particularly significant with newer generations of
chips because the number of elements present on newer
integrated circuit chips fequires more connections
between the integrated circuit chip package and the
mother board'and, as a result of the increased number
of necessary connections, it is becoming more and more
important that the solder balls'making the external
connection have a high degree of co-planarity, i.e.,
the solder balls all have the same height; In the
prior art, the problems of warpage and decreased co~
planarity were avoided because standard, i.e. printed
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circuit board, substrates have the requisite rigidity
and have relatively low warpage levels. Consequently,

the same flexibility that allows flex circuitry to be

made in a reel-to—reel format causes warping problems
further along in the processing. ' '

' The warping and spe01al handling/processing
problems associated with flex circuitry ball grid array
substrates has prevented this highly'advantageous
substrate production technique from gaining widespread
acceptance in the packaging industry.

What is needed is a method and apparatus for
creating plastic ball grid arrays incorporating flex
circuitry substrates that allows a ‘ball grid array
package with a flex circuitry substrate to be
manufactured using standard manufacturing egquipment and
techniques known in the 1ndustry, and yet does not
exhibit the high warpage anhd poor solder ball co-
planarity problems currently associated with flex
circultry substrates. .

SUMMAR! VENTIO
'~ According to the present inVention, the handling
and warping problems associated with' flex circuitry

ball grid array substrates is solved using the “strip

carrier” concept set forth in commonly assigned United
States Application Serial Number - filea

in the name of Bruce J. Freyman et al. as
set forth under the concurrently filed Related
Application. According to the princlples of the
invention, the flex cxrcuztry substrates are attached
to the periphery of a series of spaced apertures in a
carrier strip of a stiffness greater than the flex
circuitry substrates and firmly held in position

overlying the carrier strip apertures.' According to
the principles of the invention, the carrier strip
provides a support for the flex circuitry substrate and
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thereby reduces or eliminates the amount of warping
during processing. N

The flex circuitry substrates can be attached to
the carrier strip in either a multi-unit strip or
single unit format. One process for attaching the
circuits to the strip is now outlined. (1) adhesive is
applied to the carrier strip. The adhesive may be
applied by spraying, lamination, or screen printing, or
other methods known to those skilled in the art. The
adhesive may be in the form of a double sided tape,
which has a layer of adhesive on either side of a thin
(.025 to 1.25 mm) polyimide tape. Adhesives include
epoxies, modified acrylates, and pressure sensitive
adhesives (PSAs). (2) The flex circuitry is fed from
a reel and singulated into individual units or strips
of units. At this point after testing, defective |
circuits can be discarded. (3) The circuit is
precisely aligned to'the frame using tooling holes or a
vision system, or other technigque known by those
skilled in the art. (4) The circuit is laminated to
the frame using pressure and heat, if necessary,
depending on which adhesive material is selected. The
lamination process is optimized to give a bond with
adequate strength to maintain high reliability over the
1ife of the product. _ _

Regarding material selection, it is important that
the coefficient of expansion préperties of thé flex
circuit are closely matched to those of the carrier
strip. This ensures that the laminated assembly will
remain flat during all of the subsequent temperature
excursions in the IC packaging process; i.e., die

: bonding,:wire bonding, molding, solder bumping. For

example, if the carrier strip is made of a metal such
as nickel-plated steel, stainless steel, copper, or
brass which have a thermal coefficient of expansion
(TCE) in the range of 12 to 18 ppm/°C, then the
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‘polyimide flex circuit film should be DuPont Kapton E

or an Upe Upilex, which also have TCE values in the
range of 12 to 18 ppm/°C. Alternatively, if DuPont
Kapton H (TCE=20 to 40 ppm/°C) is chosen for the flex
circuit, then the carrier strip should be made of
aluminum (TCE-24 ppm/°C) or a rigid high temperature
plastic. The strip carrier then provides support for
the flex circuitry to simplify handling during the
processing'required to produce the ball grid array
assembly. In this manner, the problems of the flex
circuitry substrate warping during the curing of the
encapsulant'material is solved.  f :

Another key attribute of the carrier strip and
flex circuitry assembly according to the principles of
the invention is that a very loﬁ-cOSt flex circuitry
substrate can be used for the assembly of ball grid
arrays and that by employing a non-conductive adhesive
to attach the flex circuitry to the metal strip
carrier, there is no requirement to use a solder mask
layer on the flex circuit substrate as is required with
prior art PCB substrates. Additionally, the non-
conductive adhesive insulates the exposed metal
COnductors-pn'the top surface of the flex circuitry
substrate from the metal carrier strip.

After the strip carrier\flex circuitry substrate

- assembly according to the principles of the invention
‘has been die-attached, wire bonded, molded, and solder

bumped, the resulting ball grid array packages are

‘separated from the strip carrier by punching or other

methods well known to those of skill in the art. The
portion of the metal strip carrier that extends from
the outsidé'édge of the mold cap'tofthe outside edge of
the finished package remains attached to the flex
circuitry substrate. This metal porfion of the package
acts as a stiffener to reduce warpage and also
increases the thermal performance of ‘the package by
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providing additional thermally conductive surface area
exposed outs1de the package. . .

In one implementation of the method of maklng a
grid array assembly according to the pr;nclples of the
invention, an elongéted carrier strip having a series
of spaced aligned apeftures extendihq longitudinally
along the strip is provided. 1In addition, a flexible
film having a die attach area and metallization,
including hondlng pads on at least a first surface of
the film, is also provided. Adhesive is applied to the
carrier strip. The flex circuitry is fed from a reel
and singulated into individual units or strips of
units, and defective circuits can be discarded. The
circuit is precisely aligned to the frame and laminated
using pressure and heat, if necessary. The resultant
carrier strip, with tautly mounted film, is then |
transported into a grid array assembly packaging line
vhere an integrated circuit die, including die
conductive pads, is mounted on the die attach area of
the film. Bonding wires are then formed from the die
conductive pads to each of the film bonding pads. The
die conductive pads and a portion of the film
overlapping the aperture in the carrier strip is then
encapsulated with an epoxy or plasfic mold material.
Interconnection bumps are then formed on one surface of
the metallization on the flexible film. Then the grid
array assembly, including the film and the die, are
removed from the carrier strip.

In one implementation of the invention, the film
is attached to a 360° peripheral lateral edge

- surrounding at least one aperture of the carrier strip.

In this embodiment of the invention, the plastic film
can be a strip of plastic film having a series of .
printed.circdits;separated_by a longitudinal spacing
which corresponds to the spacing_of.the_darrier strip
aligned apertures. In this embodiment of the
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invention, the marginal edges of each of the flex
circuits is attached to the respective lateral edges of
the series of carrier strip apertures.

In another embodiment of the invention, the

-encapsulaiing step includes providing a mold die which

includes a molding cavity and a molding runner. The
mold die is closed and diampea over a molding cavity
and the molding runner on a peripheral surface of the
carrier strip overlying the film”portion. Then a
hardening molding compound is transferred into the
molding cavity, a:ound”the'die; around the wire bonds,
and onto the film portion. The hardening molding
compound is then'hardened and the mold die is un-
clamped and opened to remove the moldlng runner from
the strip carrier. S

In one embodiment of the invention, the individual
ball grid array.unité_are“singulated from the carrier
strip. In this embodiment of the invention, the

'singulatlng step can include an outer ‘periphery of the

flex circult and an inner periphery of the carrier
strip around the strip apertures.
In one embodiment of the invention, each of the

‘interconnection bumps is a solder ball.

DESC TION_OF _DRAWIN

Fig. 1 is a block flow diagram of the method
according to an embodiment of the invention for forming
a grid array assembly. -

Figs. 2A and 2B are cross sectional views of a
substrate which show steps in the process of
manufacturing the ball bonds in one embodiment of the
invention. o

Fig. 3 is a plan view of a carrier strip showing
on the right side a molded grid array package therein.

Fig. 4 is a plan view of a carrier strip section
showing an obverse side of a mounted flex circuity
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substrate pfior to die mounting, wire bonding and
encapsulation. ,

Fig. 5 is a plan view of a strip section showing a
reverse side of the flex circuity substrate prior to
forming ball bonds on an array of contact pads.

Fig. 6 is a schematic side view of a two-part mold
die and cavity for encapsulating the grid array die and
wire bonds.

Fig. 7 is a schematic side view partially in
cross-section showing the encapsulated die and wire
bonds. |

CRIPTION
According to the invention, a substrate-based
packaged electronic device, such as a ball grid array
including an IC die, is produced by a molding process.

A series of conforming (the same) flex circuity

substrates (also referred to herein as substrates) are
manufactured which include suitable conductive traces
(metallization), an IC die attach area(s), wire bonding
pads formed on one surface of a flexible film such as
polyimide, and an array of contact pads fgrmed on an
opposite surface of the flexible film. 1In one
embodiment of the invention, conductive vias-extend
from the metallization on the one surface of the film
to the contact pads formed on the opposite surface of
the film. ' .

According to the principles of the present
invention, the flex circuitry substrates are formed
either:singly_or in strips. Following manufacturing,
the flex circuitry substrate units are tested to ensure
that each substrate meets a prescribed detailed
performance specification. Any substrate not meeting
the specification is rejected.

According to the principals of the invention,

~adhesive is applied to the carrier strip, the flex
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circuitry is fed from a reel and singulated into
individual units or strips of units, and defective
circuits can be discarded. The circuit is precisely
aligned to the frame and laminated using pressure and
heat, if necessary.

The carrier strip is typically made of a strong,
semi-flexible web of copper, stainless or other steel,
or other material stock, with a thickness of from about
0.2 mm to about 1.0 mm. Consequently, the carrier
strip provides support for the flex‘dircuitry-substrate
during the remainder of the ball grid array assembly
process.

A typical adhesive used with the invention is
epoxy, modified acrylate, or pressure sensitive
adhesive (PSA). '

Accordlng to the principles of the invention, the
carrier strip is compatible with all- the subsequent
ball'grid array (BGA) manufacture and assembly steps.
As discussed above, each carrier strip has a series of .
spaced’ apertures over which a single flex circuitry
substrate is attached. Thus, the invention
specifically allows for standard automated processing
and auto-molding of each flex circuitry substrate in
the carrier strip. E

Fig. 1 is a diagram of a process 10 according to
an embodiment of the invention for forming a grid
array.

In step 11 the flex circuitry substrate is
manufactured with prescribed metallization including
patterned conductive traces of copper or the like, die
attach areas, conductive bonding pads, and, in one
embodiment, conductive vias which extend from

metallization on one surface of the substrate to the
opposite surface of the substrate.

The flex circuitry substrates are formed by
methods outlrned in the "Summary of the Invention"
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portion above. These substrates can be manufactured in
various ways that are known to those skilled in the
art. A typical structure 22 is shown in Figure 2a. &
polyimide.film 201 has copper metallized circuitry 203
on one surface. Holeé 204 in the film form contact
pads 205. After the IC assembly process, these contact
pads will be used for solder ball attachmentQ Shown in
Figure 2B is a substrate after solder balls 211 have
been attached. '

once flex circuitry substrates such as flex
circuitry_substraté 22 (Fig. 2A) are formed, each flex
circuitry substrate is tested in_step 20 (Fig. 1) to
the prescribed performance specification and those
substrates not meeting the'specificatibn-become
rejects 21. Those substrates meeting.the specification
ére désignated accepted flex circuitry substrates 22.

In step 30, adhesive is applied to the carrier

_strip 31. The flex circuitry is fed from a reel and

singulated into individual units or strips of units,
and defective_circuits can be discarded. The circuit

- is precisely aligned to the frame and laﬁinated using

pressure and heat, if necessary.

in.step 40, integrated circuit dies or chips 41
are attached to each accepted flex circuitry
substrate 22 in a die attach area (not shown) using
conventional methods and materials such as epoxy,
acrylic, or polyimide adhesives. |

In step 50 the mounted die 41 is wire bonded or
otherwise connected to bonding locations (hot shown) on
flex circuitry substrate 22 to form an assembly 51.

As discussed_in more detail below, in step 60;
assembly 51, and particularly die 41 ahd the wire
bonds, are encapsulated to enclose die 41 and at least
a peripheral portion of flex circuitry substrate 22
which encircles the die attach area. A two-piece mold
die (Fig. 6) having a éavity, shaped generally to
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conform to the to-be-molded shape of the finished BGA
package, is p051tloned agalnst the perlpheral edges of
the carrler strlp aperture and encapsulant, typically
epoxy resin or other plastic, is transferred into the
mold cavity through a mold runner'area on the mold die
and along carrier strip 31'nntil”the:cavity is filled.
The encapsulant flows around d1e 41, and the wire
bonds, and adheres to the 1nterior portlons of flex
circuitry substrate 22 1ncluding the metallization
surrounding the die attach area. 'When the encapsulant
hardens, the mold die is removed or opened. Excess

' encapsulant (bleed) 1s typlcally formed on the surface

of carrier strlp 31 in this process. However, since
carrier strip 31 is typlcally copper or another metal,
the bleed encapsulant poorly adheres thereto and is
easily removed in a later step hy exerting a torquing
or tensile force on the mold runner attached to carrier
strip 31. Conseguently, excess encapsulant typically

-peels fairly cleanly from carrier strip 31 and the
'package ‘without pullzng any of the desired package

encapsulant awvay from flex c1rcu1try substrate 22 nor
twistlng flex clrcultry substrate 22 80 as to damage
the resultant packaged electronlc device, either
cosmetically, mechanically, or electrically.

In step 70, 1nterconnectlon bumps, typically
solder balls, are formed. -

In step 80, each ball grid array formed by the

'process discussed above is slngulated, i.e. separated,

from the carrier strip.

Fig. 3 is a plan view of a portlon of a carrier
strip 31 show1ng, on the left side, an octagonal
carrier str;p aperture 32 under which a flex circuitry
substrate 22 is to be mounted. Carrier strip 31,
typically copper, includes tooling holes 33 and 34.
Tooling holes 33 are used to align flex circuitry
substrate 22 against carrier strip 31 in an aperture
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overlying position.  Tooling holes 34 are used to

- position carrier strip 31 on various apparatuses of

standard manufacturing equipment, e.g. the mold or wire
bonder, used in the production of a packaged electronic
device such as a ball grid array (BGA). As seen on the

‘right side of Fig. 3, one embodiment of an accepted -

flex circuitry substrate 22 has a 29 mm by 29 mm size.

-~ Flex circuitry substrate 22 is positioned so as to

underlie aperture 32 such that the substrate extends
beyond holes 33. The flex circuitry substrate 22 is
attached to carrier strip 31 by a suitable adhesive 705

(Figure 7). In one embodiment, the aperture 32 is

large enough such that all of the contact pads 205 are

.inside the aperture 32. This embodiment has the

advantage that all of the critical circuitry will be
covered by mold compound, which has excellent adhesion
to the flex circuit 22. 1In another embodiment, the
aperture 32 is small enough such that all of the

-contact pads 205 are covered by the carrier frame 31.
.In this embodimeht, the carrier frame 31 can be used as
. a ground plane to_improve electrical performance of the
. package. In one embodiment of the invention, adhesive

705 may be a double-sided adhesive tape suitable for

‘the processing environment to which it will be
. subjected, such as "Lead Lock" tape from Brady Co. of

Milwaukee, Wisconsin or comparable tape from Tomoegawa
of Japan.or.PyraldX“-adhesive tape from DuPont Co.
After encapsulation to form molded body 61, a
bevelled encapsulant edge 62 is formed encircling
molded body 61 inside a mold shut off area 63. Upon

- singulation, i.e. separation, of the BGA from carrier

strip 31 in step 80 (Fig. 1), the finished/completed

BGA package will be a 27 mm by 27 mm square, with an

attached portion of the carrier strip, as seen by the
multi-dashed lines 64.

Fig. 4 illustrates the mountlng of flex clrcultry
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substrate 22 overlying an aperture 32 of a series of
apertures in carrier strip 31. A die attach area 36 is
provided for mounting an integrated circuit die or
electronic device. In cne embodiment, metal traces
and/or bonding positions 207A extend over the top
surface of flex circuitry substrate 22 to vias through
one or more flex circuitry levels. Only a small
segment of the metallization 207A is shown in Fig. 4.
Typically, the metallization extends completely around
the periphery of substrate 22. ‘In another embodiment,
shown in Figure 2A, there is only a single metal layer

203 and the “"vias" to the contact pads 205 are simply
" holes 204 in'the'p¢1yimiae'film'201.

Fig. 5 shows the reverse or underside of the
attached accepted flex circuitry substrate 22 where the

‘edges of flex circuitry substrate 22 are shown by

lines 35. ' Interconnect bumps 211 are later formed on
contact pads 205 (Fig. 2B).:

Fig. 6 illustrates the auto-molding of a package
body 61 by the action of a two-piece mold die 68 and 69
forming a cavity 64 which clamps against and around the
periphery of the boundary surface edges 65 of the
carrier strip apertures. The inner peripheral edges 66
of the carrier strip aperture act as' a stop or dam for
the encapsulant with the boundary surface edges 65
acting as a mechanical shut-~off for the liquid molding
compound, being dispensed into the mold die cavity 64.
Arrows 67 indicate clamping of mold die piece 68
against carrier sfrip 31 which is backed by a fixed
mold die-supporting piece 69 duriﬁg'the clamping and
encapsulating operations. When encapsulant is supplied
into the cavity (with the top side of flex circuitry
substrate 22 facing downwardly as shown in Fig. 6) a

‘mold body 61, with or without a bevelled side edge 62,

is formed upon hardening of the mold compound. A mold
runner 6la (Fig. 4) extends from a mold supply inlet
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(not shown) to the mold cavity. For illustration

. purposes only, a non-existent gap is illustrated

between the mold die 68 and the molded body 61. By
molding against the carrier strip boundary surface
edges, poor adhesion of the molding compound results
and the compound does not tenaciously stick to carrier
strip surfaces. However, it does stick to the flex
circuit substrate 22. : _

The hardening molding compound is then hardened
and the mold die piece 68 is un-clamped and opened to
remove the molding runner from the strip carrier.

Fig. 7 illustrates the packaged assembly 700
resultant from step 70 where interconnecting bumps,
e.g. solder balls 211, are formed on the contact pads
205 (Fig. 2A). Fig. 7 also illustrates the bonding of
the die 41 to the substrate 201 by adhesive 703 and
wire bonds 701 connecting die 41 to metallization 203.

In the singulation step 80, the finished BGA is
separated out by punching. _

An annular ring of copper around the carrier strip
aperture remains to function as a ground plane, heat
sink, and package stiffener to reduce package warpage.

- The above description of embodiments of this
invention is intended to be illustrative and not
limiting. Other embodiments of this invention will be
obvious to those skilled in the art in view of the
above disclosure. Consequently, those of skill in the
art will recognize many other applications of the
invention that are within the scope and spirit of the
invention as established by the appended claims.
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CLAIMS:
1. A method of making a grid array assembly
1ncluding an integrated circuit die comprising:
providing an elongated carrier strip having a
5 ' series of spaced aligned apertures extending
longitudinally along the strip;
providing a flexible film having a die attach
area and film metallization, including bonding
pads on at least a first surface of the film, and

10 contact pads on an opposite surface of the film,

forming flex circuitry;

singulating the flex circultry into
individual substrates;

aligning individual substrates with respect

15 to ones of said strip apertures;

attaching peripheral edges of each substrate
to said carrier strip; |

mounting an integrated circuit die including
die conductive pads, on said film die attach area;

20 bonding wire bonds from said die conductive

pads to said film bonding pads;

. encapsulating said die, said die conductive
pads and a portion of said film overlapping said
at least one aperture; -

25 - + providing interconnection bumps to said film

metallization; and
removing a resultant grid array assembly,
including said film and said encapsulated die,
. from the carrier strip.
30

2. The method of Claim 1 wherein said attaching
step comprises attaching each substrate to-a 360°
peripheral lateral edge surrounding one of the series
of aligned apertures of said carrier strip.

35

3. The method of Claim 2 wherein said film is a
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strip of plastic film including'éiéeries of flex

_circuits havzng a 1ongitudina1 spacing corresponding to

the spac1ng of said carrier frame aligned apertures,
and wherein said attaching step comprises attaching _
marginal edges of each of said substrates to respective
lateral edges of a series of carrier strip apertures.

4. The method Claim 1 wherein said encapsulating
step comprises prov1ding a mold die 1ncluding a molding
cavity and a molding runner;

c1031ng and clamping said mold die 1ncluding

”“l“l I"I" III" "III “ I“l the molding cavity and molding runner on a
* S * .
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peripheral surface of the carrier strip overlying
respective ones of said substrates;

tranéferring a hardenable molding compound
into the molding cavity, around said die and said
wire bonds, and onto said substrates;

hardening the molding compound; and

un-clamping and opening said mold die to
remove the mdlding_runner from the strip carrier.

_ s.i The method of Claim 1 whérein said removing
step comprises s1ngu1ating single grid array assemblies

from said carrier strip.

6. The method of Claim 5 wherein said

- singulating singlgdgrid_array assemblies step comprises

punching through an outer periphery of each of said
substrates and an inner periphery of said carrier strip
around one of said_series of strip apertures.

7. The method of Claim 1 wherein each
interconnection bump is a solder ball on an array of
contact pads on said £ilm and electrically connected to
the film metallization.
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8. The method of Clalm 1 wherein the thermal
expansion coefficient of the material of the flexible
film is closely matched to the thermal expansion
coefficient of the material of the carrier strip.

9. An article of manufacture comprising a series
of pre-tested and pre-accepted flex circuitry
substrates mounted in seriatim over apertures extending
longitudinally along an elongated carrier strip of
greater stiffness than said flex circuitry substrates,
each of said flex circuitry substrates having an outer
peripheral edge connected to an inner peripheral edge
of the carrier strip bounding the apertures in said
carrier strip, said carrier and said flex circuitry
substrates'adapted for use in assembling the flex

circuitry substrates into a grid array package.

10. The article of Claim 9 further including an
integrated circuit die attached to each of said flex

' circuitry substrates, each said die having die

conductive pads wire bonded to bonding pads on a first
surface of a correspondihg flexlcircuitry substrate,
and molded encapsulation over said die, said wire bonds
and onto a portion of said first surface of said flex
circuitry substrate.

11. The article of Claim 10 further including an
array of contact pads'on an opposite second surface of
said flex circuitry substrate and conductive vias
extending from said contact pads to metallization on
said first surface of said flex circuitry substrate.

12. The article of Claim 11 wherein a solder ball
extends from each of said contact pads.

13. The article of Claim 11 wherein the array of
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contact pads are defined by a series of holes in the
flex circuitry substrates that expose metallization on
said first surface.

14. The article of Claim 11 wherein the carrier
strip apertures are large enough such that all of said
metallization is contained within the carrier strip
apertures.

15. The article of Claim 11 wherein a portion of
said carrier strip surrounding said apertures extends
from the molded encapsulation and remains attached to
the flex circuitry substrate such that a resultant
package is_Stiffened by said carrier strip portion and
provides a thermally conductive surface area exposed
outside of the package.

16. The article of Claim 15 wherein said carrier
strip portion forms a ground plane with said
metallization.

17. The article of Claim 9 wherein the thermal
expansion coefficient of the material of the flex
circuitry substrate is closely matched to the thermal
expansion coefficient of the material of said carrier
strip.
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