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(57) ABSTRACT 

A Stackable integrated circuit chip package comprising a fleX 
circuit. The flex circuit itself comprises a flexible substrate 
having opposed, generally planar top and bottom Surfaces, 
and a conductive pattern which is disposed on the bottom 
Surface. The chip package further comprises a frame which 
is attached to the Substrate of the flex circuit, and an 
integrated circuit chip which is at least partially circum 
vented by the frame and electrically connected to the con 
ductive pattern. The Substrate is wrapped about and attached 
to at least a portion of the frame Such that the conductive 
pattern defines first and Second portions which are each 
electrically connectable to another Stackable integrated cir 
cuit chip package. 
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STACKABLE FLEX CIRCUIT CHIP PACKAGE 
AND METHOD OF MAKING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation-in-part of 
U.S. application Ser. No. 09/305,584 entitled STACKABLE 
FLEX CIRCUITIC PACKAGE AND METHOD OF MAK 
ING SAME filed May 5, 1999, the disclosure of which is 
incorporated herein by reference. 

STATEMENT RE: FEDERALLY SPONSORED 
RESEARCH/DEVELOPMENT Not Applicable 

BACKGROUND OF THE INVENTION 

0002 The present invention relates generally to chip 
Stacks, and more particularly to a Stackable integrated circuit 
chip package including a flex circuit which allows multiple 
chip packages to be quickly, easily and inexpensively 
assembled into a chip Stack having a minimal profile. 
0.003 Multiple techniques are currently employed in the 
prior art to increase memory capacity on a printed circuit 
board. Such techniques include the use of larger memory 
chips, if available, and increasing the Size of the circuit 
board for purposes of allowing the same to accommodate 
more memory devices or chips. In another technique, Ver 
tical plug-in boards are used to increase the height of the 
circuit board to allow the Same to accommodate additional 
memory devices or chips. 
0004 Perhaps one of the most commonly used tech 
niques to increase memory capacity is the Stacking of 
memory devices into a vertical chip Stack, Sometimes 
referred to as 3D packaging or Z-Stacking. In the Z-Stacking 
process, from two (2) to as many as eight (8) memory 
devices or other integrated circuit (IC) chips are intercon 
nected in a single component (i.e., chip stack) which is 
mountable to the “footprint' typically used for a single 
package device Such as a packaged chip. The Z-Stacking 
process has been found to be volumetrically efficient, with 
packaged chips in TSOP (thin Small outline package) or 
LCC (leadless chip carrier) form generally being considered 
to be the easiest to use in relation thereto. Though bare dies 
or chips may also be used in the Z-Stacking process, Such 
use tends to make the Stacking process more complex and 
not well Suited to automation. 

0005. In the Z-Stacking process, the IC chips or packaged 
chips must, in addition to being formed into a Stack, be 
electrically interconnected to each other in a desired manner. 
There is known in the prior art various different arrange 
ments and techniques for electrically interconnecting the IC 
chips or packaged chips within a Stack. Examples of Such 
arrangements and techniques are disclosed in Applicant's 
U.S. Pat. Nos. 4,956,694 entitled INTEGRATED CIRCUIT 
CHIPSTACKING issued Sep. 11, 1990, 5,612,570 entitled 
CHIPSTACKAND METHOD OF MAKING SAME issued 
Mar. 18, 1997, and 5,869,353 entitled MODULARPANEL 
STACKING PROCESS issued Feb. 9, 1999. 
0006 The various arrangements and techniques 
described in these issued patents and other currently pending 
patent applications of Applicant have been found to provide 
chip Stacks which are relatively easy and inexpensive to 

Nov. 1, 2001 

manufacture, and are well Suited for use in a multitude of 
differing applications. The present invention provides yet a 
further alternative arrangement and technique for forming a 
chip Stack which involves the use of Stackable integrated 
circuit chip packages including flex circuits. The inclusion 
of the flex circuits in the chip packages of the present 
invention provides numerous advantages in the assembly of 
the chip Stack, including Significant increases in the produc 
tion rate and resultant reductions in cost attributable to the 
reduced complexity of the assembly process. 

SUMMARY OF THE INVENTION 

0007. In accordance with a first embodiment of the 
present invention, there is provided a Stackable integrated 
circuit chip package which comprises a flex circuit. The fleX 
circuit itself comprises a flexible Substrate having opposed, 
generally planar top and bottom Surfaces. Disposed on the 
flex circuit is a conductive pattern. In addition to the fleX 
circuit, the chip package comprises a frame which is 
attached to the Substrate of the flex circuit. Also included in 
the chip package is an integrated circuit chip which is at least 
partially circumvented by the frame and electrically con 
nected to the conductive pattern. The Substrate is wrapped 
about and attached to at least a portion of the frame Such that 
the conductive pattern defines first and Second portions 
which are each electrically connectable to another Stackable 
integrated circuit ship package. 

0008. In the first embodiment, the frame preferably has a 
generally rectangular configuration defining opposed pairs 
of longitudinal and lateral Sides. The frame also defines a 
central opening for receiving the integrated circuit chip, with 
the top and bottom Surfaces of the frame being attached to 
the top surface of the Substrate. The substrate is preferably 
wrapped about the frame such that the first portion of the 
conductive pattern extends over a portion of the bottom 
Surface of the frame, with the Second portion of the con 
ductive pattern extending over a portion of the top Surface of 
the frame. More particularly, the Substrate is wrapped about 
the longitudinal sides of the frame such that the first and 
Second portions of the conductive pattern extend in Spaced, 
generally parallel relation to each other over respective 
portions of the bottom and top Surfaces of the frame. 
0009. The Substrate itself preferably has a generally rect 
angular configuration defining a pair of longitudinal periph 
eral edge Segments and a pair of lateral peripheral edge 
Segments. The conductive pattern extends along the bottom 
Surface of the Substrate to the longitudinal peripheral edge 
Segments thereof, with the Substrate preferably being 
wrapped about the longitudinal sides of the frame Such that 
the longitudinal peripheral edge Segments of the Substrate 
extend along respective ones of the longitudinal sides of the 
frame. The Substrate is also sized relative to the frame Such 
that the lateral sides of the frame protrude from respective 
ones of the lateral peripheral edge Segments of the Substrate, 
with the longitudinal peripheral edge Segments of the Sub 
Strate also extending to the central opening of the frame. In 
the chip package of the first embodiment, a pair of heat SinkS 
may be attached to one or both of the lateral sides of the 
frame which extend beyond the lateral peripheral edge 
Segments of the Substrate. 
0010. The conductive pattern of the chip package of the 

first embodiment preferably comprises a first Set of pads 
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which are disposed on the bottom Surface of the Substrate, 
and a Second Set of pads which are disposed on the top 
Surface of the Substrate and electrically connected to respec 
tive ones of the pads of the first Set. The integrated circuit 
chip is itself electrically connected to the pads of the Second 
Set. A plurality of copper bumps or Solder bumpS may be 
formed on respective ones of the pads of the first set for 
facilitating the electrical connection of the chip package to 
a mother board. The pads of the second set are preferably 
arranged in an identical pattern to those of the first Set Such 
that the pads of the Second Set are aligned with and electri 
cally connected to respective ones of the pads of the first Set. 
The electrical connection of the pads of the first and Second 
Sets to each other is preferably accomplished through the use 
of Vias which are formed in the Substrate and extend between 
respective aligned pairs of the pads of the first and Second 
SetS. 

0.011 The integrated circuit chip of the chip package of 
the first embodiment preferably comprises a body having 
opposed, generally planar top and bottom Surfaces. In addi 
tion to the body, the integrated circuit chip includes a 
plurality of conductive contacts which are disposed on the 
bottom surface of the body. The conductive contacts of the 
integrated circuit chip are electrically connected to respec 
tive ones of the pads of the second set. The conductive 
contacts are preferably arranged on the bottom Surface of the 
body in an identical pattern to the pads of the Second Set, and 
are preferably electrically connected to respective ones of 
the pads of the Second Set via Solder. The integrated circuit 
chip is preferably Selected from the group consisting of a flip 
chip device and a fine pitch BGA device. 
0012. In the chip package of the first embodiment, a layer 
of epoxy is preferably disposed between the bottom Surface 
of the body and the top surface of the substrate. Additionally, 
the substrate is preferably attached to the frame through the 
use of an acrylic film adhesive. The substrate is preferably 
fabricated from a polyamide having a thickness in the range 
of from about 1 mill to about 8 mils, with the frame 
preferably being fabricated from either a plastic material 
filled with a thermal enhancing material or a metal material. 
The chip package may be combined with a Second chip 
package Stacked upon the chip package, with the first portion 
of the conductive pattern of the Second chip package being 
electrically connected to the Second portion of the conduc 
tive pattern of the chip package. The electrical connection of 
the chip packages to each other is preferably accomplished 
through the use of a Z-axis film material or adhesive. 
0013 In accordance with a second embodiment of the 
present invention, there is provided a Stackable integrated 
circuit chip package comprising a flex circuit. In the Second 
embodiment, the flex circuit itself comprises a flexible 
Substrate having opposed, generally planar top and bottom 
Surfaces, and a conductive pattern which is disposed on the 
flex circuit. The chip package of the Second embodiment 
also includes an integrated circuit chip which is electrically 
connected to the conductive pattern. The Substrate of the 
chip package of the Second embodiment is wrapped about 
and attached to at least a portion of the integrated circuit chip 
Such that the conductive pattern defines first and Second 
portions which are each electrically connectable to another 
Stackable integrated circuit chip package. In the chip pack 
age of the Second embodiment, the conductive pattern 
comprises the first and Second Sets of pads as described in 
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relation to the chip package of the first embodiment. The 
electrical connection of the integrated circuit chip to the 
conductive pattern is accomplished in the chip package of 
the Second embodiment in the same manner previously 
described in relation to the chip package of the first embodi 
ment. 

0014. In the chip package of the second embodiment, the 
body of the integrated circuit chip preferably has a generally 
rectangular configuration defining a pair of longitudinal 
Sides and a pair of lateral Sides. The Substrate itself prefer 
ably has a generally rectangular configuration defining a pair 
of longitudinal peripheral edge Segments and a pair of lateral 
peripheral edge Segments. The conductive pattern extends 
along the bottom Surface of the Substrate to the longitudinal 
peripheral edge Segments thereof. The SubStrate is wrapped 
about the longitudinal sides of the body, such that the 
longitudinal peripheral edge Segments of the Substrate 
extend along the top Surface of the body in Spaced, generally 
parallel relation to each other. The first and Second portions 
of the conductive pattern also extend in Spaced, generally 
parallel relation to each other over respective portions of the 
bottom and top Surfaces of the body of the integrated circuit 
chip. The Substrate is preferably attached to the integrated 
circuit chip through the use of an acrylic film adhesive. 
Additionally, a layer of epoxy is preferably disposed 
between the bottom surface of the body and top surface of 
the Substrate. The Substrate of the chip package of the Second 
embodiment is preferably fabricated from the same material 
having the same thickness range as previously described in 
relation to the chip package of the first embodiment. 
0015. In accordance with a third embodiment of the 
present invention, there is provided a Stackable integrated 
circuit chip package comprising a flex circuit. The fleX 
circuit itself comprises a flexible Substrate having opposed, 
generally planar top and bottom Surfaces, and a conductive 
pattern which is disposed thereon. The chip package of the 
third embodiment further comprises an integrated circuit 
chip which is electrically connected to the conductive pat 
tern. The Substrate is folded and attached to itself such that 
the conductive pattern defines first and Second portions 
which are each electrically connectable to another Stackable 
integrated circuit chip package. In the chip package of the 
third embodiment, the conductive pattern comprises the first 
and Second Sets of pads as described in relation to the chip 
package of the first embodiment. Additionally, the electrical 
connection of the integrated circuit chip to the conductive 
pattern is preferably accomplished in the same manner as 
previously described in relation to the chip package of the 
first embodiment. 

0016. In the chip package of the third embodiment, the 
body of the integrated circuit chip preferably has a generally 
rectangular configuration defining a pair of longitudinal 
Sides and a pair of lateral Sides. The Substrate itself prefer 
ably has a generally rectangular configuration defining a pair 
of longitudinal peripheral edge Segments and a pair of lateral 
peripheral edge Segments. The conductive pattern extends 
along the bottom Surface of the Substrate to the longitudinal 
peripheral edge Segments thereof. The Substrate is folded 
Such that the longitudinal peripheral edge Segments thereof 
extend along and in Substantially parallel relation to respec 
tive ones of the longitudinal sides of the body, with the first 
and Second portions of the conductive pattern extending in 
generally parallel relation to each other. AS will be recog 
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nized, the total thickness of the Substrate at those regions 
whereat it is folded over itself is preferably such that the 
Second portion of the conductive pattern is Substantially 
flush with or extends along a plane disposed above the top 
Surface of the body of the integrated circuit chip, thus 
allowing for the electrical connection of the Second portion 
of the conductive pattern of the chip package to another 
Stackable integrated circuit chip package. In the chip pack 
age of the third embodiment, the substrate is preferably 
attached to itself through the use of an acrylic film adhesive, 
with the chip package further preferably comprising a layer 
of epoxy disposed between the bottom surface of the body 
and the top surface of the substrate. The substrate in the chip 
package of the third embodiment is also preferably fabri 
cated from the same material in the same thickneSS range as 
previously described in relation to the chip package of the 
first embodiment. 

0.017. Further in accordance with the present invention, 
there is provided a method of assembling a Stackable inte 
grated circuit chip package constructed in accordance with 
the first embodiment of the present invention. The method 
comprises the initial Step of electrically connecting an 
integrated circuit chip to a conductive pattern on a flexible 
Substrate of a flex circuit. This particular Step is itself 
preferably accomplished by first applying a layer of flux to 
the conductive contacts of the integrated circuit chip, and 
thereafter positioning the integrated circuit chip upon the 
Substrate Such that at least Some of conductive contacts abut 
the conductive pattern. Thereafter, heat is applied to the 
integrated circuit chip and the Substrate to facilitate the 
reflow of the Solder disposed on the conductive contacts and 
electrical connection thereof to the conductive pattern. 
0.018. In the preferred method, the above described initial 
heat application Step is followed by the dispensation of a 
quantity of an epoxy onto the Substrate along a Side of the 
integrated circuit chip to facilitate the wicking of the epoxy 
between the integrated circuit chip and the Substrate. At this 
time, the Substrate preferably resides on a heated Stage at a 
temperature of about 90 degrees Celsius. After the epoxy has 
been applied to the Substrate, the heat applied to the inte 
grated circuit chip and the Substrate by the heated Stage is 
then increased to a temperature of about 160 degrees Celsius 
for a time period of about 5 minutes to facilitate the 
hardening of the epoxy. The epoxy dispensation and Subse 
quent heating Step are preferably completed while a vacuum 
is being applied to the Substrate to maintain the Substrate in 
a generally flat orientation. Thereafter, the integrity of 
electrical connection of the conductive contacts of the 
integrated circuit chip to the conductive pattern is tested. 
0.019 Upon the completion of the electrical connection of 
the integrated circuit chip to the conductive pattern, a frame 
is attached to the flex circuit Such that the frame at least 
partially circumvents the integrated circuit chip. The attach 
ment of the frame to the flex circuit is preferably accom 
plished by initially bonding two strips of an adhesive to the 
Substrate along opposite Sides of the integrated circuit chip. 
Thereafter, a pair of fleX windows are punched through the 
Substrate and respective ones of the adhesive Strips, with the 
frame thereafter being attached to the adhesive Strips. The 
bonding of the adhesive strips to the substrate is preferably 
completed by heating the adhesive StripS and the Substrate to 
a temperature of about 140 degrees Celsius and applying 
preSSure to the adhesive Strips for a time period of from 
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about 5 seconds to about 10 seconds. To facilitate the 
attachment of the frame to the adhesive Strips, the frame, 
adhesive Strips, and Substrate are preferably heated to a 
temperature of about 130 degrees Celsius, with pressure of 
about 20 psi being applied to the frame for a time period of 
about 5 Seconds. 

0020. Following the attachment of the frame to the flex 
circuit, the flex circuit is wrapped about and Secured to at 
least a portion of the frame Such that the conductive pattern 
defines first and Second portions which are each electrically 
connectable to at least one other Stackable integrated circuit 
chip package. To facilitate Such wrapping, the Substrate is 
preferably positioned upon a Spaced pair of reciprocally 
movable wrapping fingers, with pressure then being applied 
to one side of the frame of the integrated circuit chip to force 
the frame and the integrated circuit chip between the wrap 
ping fingers and facilitate the folding of the Substrate 
upwardly along each of the opposed sides of the frame. The 
wrapping fingers are then moved toward each other to 
facilitate the wrapping of the Substrate about the opposed 
Sides of the frame. Heat is applied to the chip package at a 
temperature about 180 degrees Celsius for a time period of 
about 5 minutes after the movement of the wrapping fingers 
toward each other. This 5 minute time period is used to 
facilitate the curing of the adhesive, with the wrapping 
fingers being moved away from each other upon the elapse 
thereof to allow for the removal of the chip package from 
therebetween. 

0021. The present method may further comprise the 
additional Step of electrically connecting the Second portion 
of the conductive pattern of the chip package to the first 
portion of the conductive pattern of another Stackable inte 
grated circuit chip package to form a chip Stack. Such 
electrical connection between the chip packages is prefer 
ably accomplished by first placing a Z-axis film between the 
first and Second portions of the conductive patterns of the 
chip packages, and thereafter applying heat and pressure to 
the chip packages for a time period of about 1 minute to cure 
the Z-axis film. A plurality of copper bumps or Solder bumps 
may then be formed on the first portion of the conductive 
pattern of the lowermost chip package of the chip Stack, with 
the integrity of the electrical connection of the chip packages 
to each other than being tested. 
0022. Further in accordance with the present invention, 
there is provided methods for assembling chip packages 
constructed in accordance with the Second and third embodi 
ments as described above. These assembly methods are 
Substantially Similar to assembly method previously 
described in relation to the chip package of the first embodi 
ment. More particularly, the assembly method related to the 
chip package of the Second embodiment differs only in that 
the Substrate is wrapped about opposed sides of the inte 
grated circuit chip and adhered directly thereto due to the 
absence of the frame in the chip package of the Second 
embodiment. In the assembly method related to the third 
embodiment, the Substrate is folded over and adhered to 
itself. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a top perspective view of a four-sided flex 
circuit chip package constructed in accordance with the 
teachings of parent application Ser. No. 09/305,584; 
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0024 FIG. 2 is a bottom perspective view of the four 
sided flex circuit chip package shown in FIG. 1; 
0.025 FIG. 3 is a top perspective view of a two-sided flex 
circuit chip package constructed in accordance with a first 
embodiment of the present invention; 
0.026 FIG. 4 is a bottom perspective view of the chip 
package shown in FIG. 3; 
0027 FIG. 5 is a bottom plan view of the flex circuit of 
the chip package of the first embodiment shown in FIGS. 3 
and 4; 
0028 FIG. 6 is a partial cross-sectional view of the chip 
package of the first embodiment shown in FIG. 3; 
0029 FIG. 7 is an exploded, partial cross-sectional view 
of a chip Stack comprising chip packages constructed in 
accordance with the first embodiment, further illustrating a 
copper bump formed on the conductive pattern of the fleX 
circuit of the lowermost chip package; 
0030 FIG. 8 is a top perspective view of a chip stack 
assembled using chip packages constructed in accordance 
with the first embodiment, further illustrating a pair of heat 
SinkS attached to respective ones of the lateral ends of the 
frames of the chip packages within the chip Stack; 
0.031 FIG. 9 is a top perspective view of a chip stack 
wherein the chip packages thereof include alternatively 
configured, extended frames, 
0.032 FIGS. 10-15 illustrate the sequence of steps imple 
mented to facilitate the assembly of the chip package of the 
first embodiment of the present invention; 
0.033 FIG. 16a-16e illustrate the step-by-step sequence 
included in the assembly step shown in FIG. 13; 
0034 FIG. 17 is a top perspective view of a two-sided 
flex circuit chip package constructed in accordance with a 
Second embodiment of the present invention; 
0035 FIG. 18 is a bottom perspective view of the chip 
package of the second embodiment shown in FIG. 17; 
0.036 FIG. 19 is a partial cross-sectional view of the chip 
package of the second embodiment shown in FIG. 17; and 
0037 FIG. 20 is a partial cross-sectional view of a 
two-sided flex circuit chip package constructed in accor 
dance with a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.038 Referring now to the drawings wherein the show 
ings are for purposes of illustrating preferred embodiments 
of the present invention only, and not for purposes of 
limiting the same, FIGS. 1 and 2 perspectively illustrate a 
four-sided flex circuit chip package 10 constructed in accor 
dance with the teachings of parent application Ser. No. 
09/305,584 entitled STACKABLE FLEX CIRCUIT IC 
PACKAGE AND METHOD OF MAKING SAME filed 
May 5, 1999 of which the present application is a continu 
ation-in-part. In the chip package 10, all four Sides of the 
frame 12 thereof are wrapped by respective portions of the 
flex circuit 14 of the chip package 10. The need to wrap all 
four sides of the frame 12 with the flex circuit 14 requires a 
relatively high level of handling, thus increasing production 
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time and hence cost. In the chip package 10, the conductive 
pattern 16 of the flex circuit 14 comprises a plurality of 
conductive traces 18 which each extend to a respective 
conductive pad 20 on the bottom surface of the flex circuit 
14. These conductive traces 20 are Segregated into four 
different sets, with the conductive traces 20 of each set 
typically being of a 10-20 mil pitch. 
0039) Referring now to FIGS. 3 and 4, there is perspec 
tively illustrated a two-sided flex circuit chip package 22 
constructed in accordance with a first embodiment of the 
present invention. AS Seen in FIGS. 3-5, the chip package 22 
comprises a flex circuit 24 which itself comprises a flexible 
Substrate 26 having a generally planar top Surface 28 (shown 
in FIGS. 6 and 7) and a generally planar bottom surface 30. 
The Substrate 26 preferably has a generally rectangular 
configuration defining a pair of longitudinal peripheral edge 
Segments 32 and a pair of lateral peripheral edge Segments 
34. The substrate 26 is preferably fabricated from a polya 
mide which has a thickness of Several mils or less, and may 
have a thickness down to about 1 mil. 

0040 Disposed on the substrate 26 is a conductive pat 
tern 36 of the flex circuit 24. The conductive pattern 36 
comprises a first set of conductive pads 38 which are 
disposed on the bottom surface 30 of the substrate 26. In 
addition to the pads 38 of the first set, the conductive pattern 
36 comprises a plurality of conductive traces 40 which 
extend along the bottom surface 30 of the substrate 26 from 
respective ones of the pads 38 of the first set to respective 
ones of the longitudinal peripheral edge Segments 32 of the 
Substrate 26. As best seen in FIG. 5, the traces 40 are 
Segregated into two sets, with the traces 40 of each Set 
preferably being separated by a pitch of 10 to 15 mils. 
Importantly, the pitch between the conductive traces 40 of 
each set is such that the traces 40 may be extended to only 
the longitudinal peripheral edge Segments 32 of the Substrate 
26, and not to the lateral peripheral edge Segments 34 
thereof. Thus, in the chip package 22, only two Sets of traces 
40 are included, as opposed to the four sets of traces 18 
included in the conductive pattern 16 of the flex circuit 14 
of the chip package 10 shown in FIGS. 1 and 2. As will be 
discussed in more detail below, the extension of the traces 40 
to only the longitudinal peripheral edge Segments 32 of the 
Substrate 26 Substantially reduces the complexity, and hence 
the cost of the assembly method related to the chip package 
22, as well as chip Stacks including multiple chip packages 
22. As will also be discussed below, this “two-sided” 
approach for the chip package 22 allows for various cooling 
options which are not practical for a "four-sided” approach. 

0041. In addition to the pads 38 of the first set and the 
traces 40, the conductive pattern 36 of the flex circuit 24 
comprises a Second Set of conductive pads 42 which are 
disposed on the top surface 28 of the Substrate 26 and 
electrically connected to respective ones of the pads 38 of 
the first Set. In the chip package 22, the pads 42 of the Second 
Set are arranged in an identical pattern to the pads 38 of the 
first Set Such that the pads 42 of the Second Set are aligned 
with and electrically connected to respective ones of the 
pads 38 of the first set. As best seen in FIGS. 6 and 7, the 
electrical connection of the pads 38, 42 of the first and 
Second Sets to each other is preferably accomplished through 
the use of Vias 44 which are formed in the Substrate 26 and 
extend between respective aligned pairs of the pads 38, 42 
of the first and Second Sets. 
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0042. The pads 38, 42 of the first and second sets and 
traces 40 are preferably fabricated from very thin copper 
having a thickness in the range of from about 5 microns to 
about 25 microns through the use of conventional etching 
techniques. Advantageously, the use of thin copper for the 
pads 38, 42 and traces 40 allows for etching line widths and 
spacings down to a pitch of about 4 mils which Substantially 
increases the routing density on the flex circuit 24 and, as 
indicated above, allows for the two-sided approach. AS also 
indicated above, the pads 38, 42 and traces 40 collectively 
define the conductive pattern 36 of the flex circuit 24. 
0043 Referring now to FIGS. 3, 4, 6 and 7, the chip 
package 22 constructed in accordance with the first embodi 
ment of the present invention further comprises a frame 46 
which is attached to the Substrate 26 of the flex circuit 24 
through the use of two strips 48 of an adhesive in a manner 
which will be described in more detail below. In the chip 
package 22, the frame 46 preferably has a generally rectan 
gular configuration defining an opposed pair of longitudinal 
sides 50 and an opposed pair of lateral sides 52. The 
longitudinal and lateral sides 50, 52 of the frame 46 collec 
tively define a rectangularly configured central opening 54 
thereof. As will also be discussed in more detail below, the 
frame 46 defines top and bottom surfaces, portions of which 
are attached to the top surface 28 of the substrate 26 via the 
adhesive Strips 48 when the chip package 22 is properly 
assembled. 

0044) A preferred adhesive for the adhesive strips 48 is an 
acrylic film adhesive sold by DuPont and available as 
Pyralux LF which is a non-tacky film at room temperature 
and becomes tacky at 140 degrees Celsius. This particular 
acrylic film adhesive punches well, bonds well, withstands 
Solder reflow temperatures, and is commonly used for circuit 
board lamination. In the first embodiment, the frame 46 is 
preferably fabricated from either a plastic material filled 
with a thermal enhancing material, or a metal material made 
using powder metallurgy. The use of these particular mate 
rials provides the frame 46 with thermally conductive prop 
erties which are useful for heat dissipation, and thus are 
preferred to address thermal issueS where heat must be 
removed from the chip Stack assembled using the chip 
packages 22. 
004.5 The chip package 22 of the first embodiment 
further comprises an integrated circuit chip 56 which is 
preferably a fine pitch BGA (ball grid array) device, but may 
alternatively comprise a flip chip device. In the chip package 
22, the integrated circuit chip 56 is electrically connected to 
the pads 42 of the second set, and hence to the pads 38 of 
the first set by virtue of their electrical connection to the pads 
42 of the second set. The integrated circuit chip 56 includes 
a rectangularly configured body 58 defining a generally 
planar top Surface 60, a generally planar bottom Surface 62, 
a pair of longitudinal sides 64 and a pair of lateral Sides 66. 
Protruding from the bottom surface 62 of the body 58 are a 
plurality of generally Semi-spherically shaped conductive 
contacts 68 which normally have a quantity of solder 
pre-applied thereto. The conductive contacts 68 are prefer 
ably arranged in an identical pattern to each of the first and 
second sets of conductive pads 38, 42, with the conductive 
contacts 68 being electrically connected to respective ones 
of the pads 42 of the second set. 
0046. In the chip package 22, the electrical connection of 
the conductive contacts 68 to respective ones of the pads 42 
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of the Second Set is preferably accomplished through the use 
of solder. More particularly, as will be discussed in more 
detail below, the Solder pre-applied to the conductive con 
tacts 68 is heated to a temperature which facilitates its 
reflow, thus facilitating the electrical connection of the 
conductive contacts 68 and pads 42 of the Second Set to each 
other. As is also seen in FIGS. 6 and 7, the chip package 22 
further comprises a layer 70 of underfill epoxy which is 
disposed between the bottom surface 62 of the body 58 of 
the integrated circuit chip 56 and the top surface 28 of the 
substrate 26. A preferred epoxy is available from Dexter 
Hysol as No. FP4527. This particular epoxy material has 
been found to dispense and flow very well, and can be cured 
in Stages. 
0047. In the chip package 22 of the first embodiment, the 
substrate 26 is wrapped about and attached to the frame 46 
such that the conductive pattern 36 defines a lower, first 
portion 72 and an upper, Second portion 74 which are each 
electrically connectable to another Stackable integrated cir 
cuit chip package. More particularly, the Substrate 26 is 
wrapped about the longitudinal sides 50 of the frame 46 such 
that the first and second portions 72, 74 of the conductive 
pattern 36 extend in Spaced, generally parallel relation to 
each other, with the first portion 72 extending over portions 
of the bottom surface of the frame 46 and the second portion 
74 extending over portions of the top surface of the frame 
46. The substrate 26 is preferably sized relative to the frame 
46 Such that the longitudinal peripheral edge Segments 32, 
which extend along respective ones of the longitudinal sides 
50 of the frame, extend to or terminate at approximately the 
central opening 54, with the lateral sides 52 of the frame 46 
extending or protruding from respective ones of the lateral 
peripheral edge Segments 34 of the Substrate 26. 
0048 AS will be explained in more detail below, each of 
the adhesive strips 48 which is attached to the top surface 28 
of the Substrate 26 has a length Substantially equal to the 
length of each longitudinal side 50 of the frame 46, and a 
width which is about three times the width of each longi 
tudinal side 50 of the frame 46. Thus, when the bottom 
surfaces of the longitudinal sides 50 of the frame 46 are 
attached to respective ones of the adhesive strips 48, the 
inner longitudinal edges of Such adhesive Strips 48 prefer 
ably terminate at the central opening 54, with the outer 
longitudinal edges of the adhesive Strips 48 extending out 
wardly beyond respective ones of the longitudinal sides 50 
of the frame 46. Thus, as is seen in FIGS. 6 and 7, when the 
substrate 26 is wrapped about the longitudinal sides 50 of the 
frame 46, the preferred sizing of the adhesive strips 48 
causes the outer edges thereof to also terminate at approxi 
mately the central opening 54, with each of the adhesive 
strips 48 extending between the substrate 26 and the top and 
bottom surfaces of a respective longitudinal side 50 of the 
frame 46. 

0049 AS is further seen in FIG. 6, a solder mask 76 may 
be applied to each of the pads 38 of the first set prior to the 
electrical connection of the conductive contacts 68 to 
respective ones of the pads 42 of the Second Set. In this 
respect, when the integrated circuit chip 56 is heated to 
facilitate the reflow of the Solder pre-applied to the conduc 
tive contacts 68, Such Solder Sometimes has a tendency to 
wick through the Vias 44, thus resulting in an insufficient 
Soldered interconnection between the conductive contacts 
68 and the pads 42 of the second set. As will be recognized, 
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the inclusion of the solder mask 76 on each of the pads 38 
of the first set Substantially blocks or caps the open bottom 
end of each of the Vias 44, thus preventing Such wicking 
from occurring. Additionally, as seen in FIG. 7, in the chip 
package 22, a copper bump 78 may be formed on each of the 
pads 38 of the first set. As will be discussed below, the 
copper or solder bumps 78 will typically be included on the 
lowermost chip package 22 of a chip Stack to facilitate the 
electrical connection of Such lowermost chip package 22 to 
another electrical component Such as, for example, a mother 
board. 

0050 FIG. 7 is an exploded view of a chip stack 80 
including two chip stacks 22 of the first embodiment of the 
present invention. FIG. 8 depicts a chip stack 82 including 
four chip packages 22 of the first embodiment. It will be 
recognized that a chip Stack may also be constructed to 
include three or more than four chip packages 22. AS 
indicated above, the lowermost chip package 22 in the chip 
stack 80, 82 will typically include the copper or solder 
bumps 78 formed on respective ones of the pads 38 of the 
first set thereof. In the stack 80, 82, the chip packages 22 are 
arranged such that the first portion 72 of the conductive 
pattern 36 of any chip package 22 in the Stack will be 
electrically connected to the second portion 74 of the 
conductive pattern 36 of the chip package 22 immediately 
therebelow. It will be recognized that the first portion 72 of 
the conductive pattern 36 of the lowermost chip package 22 
will not be electrically connected to the second portion 74 of 
the conductive pattern 36 of another chip package 22, but 
rather will be electrically connected to a component Such as 
a mother board through the use of the copper or Solder 
bumps 78. 

0051 AS is seen in FIG. 7, the attachment of any two 
chip packages 22 in the chip stack 80, 82 to each other is 
preferably accomplished through the use of a Z-axis epoxy 
or film 84 which will normally be applied to the second 
portion 74 of the conductive pattern 36. Since the second 
portion 74 of each conductive pattern 36 is Segregated into 
two Sections which extend along portions of the top Surface 
of the frame 46 over respective ones of the longitudinal sides 
50 thereof, the Z-axis film 84 is applied to the second portion 
74 in two strips or sheets. A preferred Z-axis film material 
is available from the 3M Company as No. 5460. This 
particular film material contains gold-plated nickel particles 
of about 7 microns in size, with heat and preSSure causing 
metal contact between the second portion 74 of the conduc 
tive pattern 36 of one chip package 22 to the first portion 72 
of the conductive pattern 36 of another chip package 22 in 
the chip stack 80, 82 via the metal particles. Subsequent high 
temperature processes will typically form metallurgical 
bonds between the first and second portions 72, 74 and the 
intermediate gold-plated nickel particles within the Z-axis 
film 84. 

0.052 Referring again to FIG. 8, once the chip stack 82 
has been assembled, a pair of heat SinkS 86 may be attached 
to respective ones of the lateral sides 52 of each of the 
frames 46 of the chip packages 22 within the chip stack 82. 
AS will be recognized, the heat SinkS 82 assist in dissipating 
heat generated by the integrated circuit chips 56 within the 
chip stack 82. Though not shown, it will be recognized that 
one or both of the lateral sides 52 of each frame 46 may 
include a separate heat Sink attached thereto. 
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0053 As an alternative to the heat sinks 86, FIG. 9 
illustrates a chip stack 88 similar to the chip stack 82 but 
wherein the frames 46(a) of the chip packages 22 are slightly 
modified from the frames 46 such that the lateral sides 52(a) 
thereof protrude outwardly from the lateral peripheral edge 
segments 34 of the substrate 26 further than do the lateral 
sides 52 of the frame 46. These extended width lateral sides 
52(a) of the frame 46(a) serve as heat sinks. The ability of 
the lateral Sides 52(a) to serve as heat Sink is, in part, 
facilitated by the preferred fabrication of the frame 46(a) 
from either a plastic material filled with a thermal enhancing 
material or a metal material as discussed above. 

0054 Having thus described the preferred configuration 
of the chip package 22 of the first embodiment and the chip 
stack 80, a preferred method of assembling each chip 
package 22 and a chip Stack including two or more chip 
packages 22 will now be described with particular reference 
to FIGS. 10-16. 

0055. The preferred assembly method related to the chip 
package 22 preferably occurs in a continuous tape format, 
thus Substantially increasing production flow. The assembly 
method or process as described below is capable of being 
Set-up with universal tooling that can be adjusted for dif 
ferent dimensions without making new tooling. The assem 
bly process is initiated with a continuous tape or strip 88 
which, when punched and cut in the manner described 
below, will form the flex circuit 24 of each completed chip 
package 22. Thus, the strip 88 is preferably fabricated from 
the polyamide material in the aforementioned thickness 
range, with Second Sets of the conductive pads 42 being 
disposed on the top Surface thereof in aligned, Spaced 
relation to each other. Though not shown in FIG. 10, first 
sets of conductive pads 38 and conductive traces 40 corre 
sponding to each Second Set of pads 42 are disposed on the 
bottom surface of the strip 88, thus facilitating the formation 
of equidistantly Spaced conductive patterns 36 on the Strip 
88. 

0056. In the preferred assembly method, an integrated 
circuit chip 56 is picked and placed upon respective ones of 
the Second Sets of conductive pads 42 Such that each of the 
conductive contacts 68 of a particular integrated circuit chip 
56 abut respective ones of the pads 42 of the corresponding 
Second Set. Prior to Such placement, the conductive contacts 
68 of each integrated circuit chip 56 preferably have a layer 
of tacky flux applied thereto, with Such application prefer 
ably being accomplished by dipping the conductive contacts 
68 into a thin layer of flux doctor bladed over a flat surface. 
It will be recognized that many pick and place machines are 
capable of completing Such dipping operation. AS indicated 
above, the conductive contacts 68 of each integrated circuit 
chip 56 already have solder applied thereto. As also indi 
cated above, Subsequent to the flux application, each inte 
grated circuit chip 56 is placed or positioned upon the Strip 
88 in the above-described manner. 

0057 The strip 88 having the integrated circuit chip 56 
positioned thereon continues through a heated Zone which 
provides the proper atmosphere and a profile Suitable for the 
flux applied to the conductive contacts 68. In this heated 
Zone, a peak temperature of about 220 degrees Celsius is 
used to reflow the Solder disposed upon the conductive 
contacts 68, thus facilitating the electrical connection 
thereof to respective ones of the pads 42 of the correspond 
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ing Second Set. Advantageously, the Surface tension of the 
molten solder self-aligns the conductive contacts 68 to the 
pads 42 of the corresponding Second Set. During this par 
ticular procedure, it is contemplated that a vacuum Stage or 
other mechanism will be included in the heated Stage to keep 
the strip 88 flat during the operation. It is also preferable that 
the reflow be completed in a reducing atmosphere Such as 
forming gas which is about 90% nitrogen and about 10% 
hydrogen. This atmosphere allows for minimal amounts of 
flux which is desirable for the underfill operation which will 
be described below. 

0.058 Referring now to FIG. 11, subsequent to the reflow 
of the solder, the strip 88 having the integrated circuit chip 
56 electrically connected thereto, is placed upon a heated 
Stage, the temperature of which is Set to about 90 degrees 
Celsius. Thereafter, the underfill epoxy is dispensed along 
one longitudinal side 64 of the body 58 of the integrated 
circuit chip 56 to wick under the body 58. As a result of Such 
wicking, the epoxy underfill flows between the bottom 
surface 62 of the body 58 and the top surface of the strip 88. 
The heat generated by the Stage is then preferably increased 
to about 160 degrees Celsius for about five minutes to cure 
(i.e., gel or harden) the underfill epoxy. It is also preferred 
that a vacuum hold-down as described above be included in 
this particular stage to maintain the Strip 88 in a Substantially 
flat orientation during the cure of the underfill epoxy. AS will 
be recognized, this epoxy, when cured, is the epoxy layer 70 
described above in relation to the chip package 22. It will be 
recognized that the epoxy may also be applied along both of 
the longitudinal Sides 64 of the body 58 during this stage. 

0059) Subsequent to the completion of the underfill 
epoxy stage, the integrity of the electrical connection (i.e., 
Soldered connections) between the integrated circuit chip 56 
and the corresponding conductive pattern 36 is tested. The 
testing is preferably completed through the use of test probes 
which are electrically connected to respective ones of the 
traces 40 on the bottom surface of the strip 88. It is 
contemplated that each of the traces 40 may extend to a 
testing pad which will be removed from the flex circuit 24 
upon the completion of the assembly method related to the 
chip package 22. These test pads can be provided with equal 
diameters and spacing to allow for the use of a universal 
probe System for different chip package sizes. 

0060 AS is further seen in FIG. 11, Subsequent to the 
completion of the initial electrical test, the above-described 
adhesive strips 48 are bonded to the top surface of the strip 
88 along opposite sides (i.e., the longitudinal sides 64) of the 
body 58 of the integrated circuit chip 56. The adhesive strips 
48 extend in Spaced, generally parallel in relation to each 
other, and in generally parallel relation to the longitudinal 
sides 64 of the body 58. The adhesive strips 48 are adhered 
or mated to the top surface of the strip 88, with the assembly 
thereafter being heated to about 140 degrees Celsius. Pres 
Sure is also applied for approximately five to ten Seconds to 
the adhesive strips 48, with the combined adhesive strips 48 
and strip 88 then being allowed to cool down before a paper 
backing is removed from the exposed sides of the adhesive 
strips 48. 

0061 Referring now to FIG. 12, Subsequent to the bond 
ing of the adhesive strips 48 to the strip 88, a flex window 
90 is punched into the strip 88. The punching operation 
preferably occurs in two Steps, with the first Step resulting in 

Nov. 1, 2001 

the formation of four rectangularly configured openings 92 
which each extend through portions of the adhesive strips 48 
and portions of the strip 88. As seen in FIG. 12, each of the 
openings 92 is disposed outwardly beyond a respective 
lateral side 66 of the body 58 of the corresponding integrated 
circuit chip 56. In the Second Step of the punching operation, 
the openings 92 extending through a common adhesive Strip 
48 are connected by the removal of a small portion of the 
common adhesive strip 48 and a large portion of the strip 88. 
The resultant flex window 90 has a generally U-shaped 
configuration. In the present method, a universal pattern for 
the flex window 90 can be adopted to work with an inte 
grated circuit chip 56 of any size. 
0062. Upon the completion of the punching operation, 
the Strip 88 is registered to a frame locating fixture via 
registration holes 94 formed within the strip 88. As is seen 
in FIGS. 10-13, a pair of registration holes 94 is disposed 
within the strip 88 between each adjacent pair of the second 
Sets of conductive pads 28, and hence between each adjacent 
pair of integrated circuit chips 56. The integrated circuit 
chips 56 and registration holes 94 are disposed in linear 
alignment along the approximate center of the Strip 88. Once 
the strip 88 has been registered on the frame locating fixture 
via the registration holes 94, the frame 46 is dropped into 
position and bonded to the adhesive Strips 48 at a tempera 
ture of about 140 degrees Celsius for about five seconds and 
at a pressure of about 20 psi. As is shown in FIG. 12, the 
properly positioned frame 46 circumvents and is equidis 
tantly spaced from the longitudinal and lateral sides 64, 66 
of the body 58 of the corresponding integrated circuit chip 
56. 

0063 Referring now to FIG. 13, subsequent to the 
attachment of the frame 46 to the strip 88, those portions of 
the adhesive strips 48 and strip 88 protruding beyond the 
longitudinal sides 50 of the frame 46 are wrapped there 
about. As seen in FIGS. 16(a)-16(e), such wrapping is 
accomplished by the advancement of the strip 88 over a 
Spaced pair of reciprocally moveable wrapping fingers 96. 
Downward pressure is applied to at least one of the frame 46 
and the body 58 of the integrated circuit chip 56 to force both 
the frame 46 and the integrated circuit chip 56 between the 
wrapping fingers 96 and facilitate the folding of the strip 88 
and adhesive Strips 48 upwardly along each of the longitu 
dinal sides 50 of the frame 46. The wrapping fingers 96 are 
then moved inwardly toward each other in the manner 
shown in FIG. 16(d) to facilitate the wrapping of the 
adhesive strips 48 and strip 88 about the longitudinal sides 
50 of the frame 46. The wrapping fingers 96 are preferably 
maintained in the orientation shown in FIG. 16(d) for a 
period of about five minutes, with the temperature being 
raised to about 180 degrees Celsius. This elevated tempera 
ture for the five minute duration facilitates the complete 
curing of the adhesive Strips 48. Upon the elapse of Such 
time, the wrapping fingers 96 are moved away from each 
other in the manner shown in FIG. 16(e). For purposes of 
clarity, the adhesive strips 48 are shown only in FIG.16(a) 
and are not shown in FIGS. 16(b)-16(e). 
0064. Referring now to FIG. 14, Subsequent to the 
completion of the wrapping procedure, two continuous 
StripS 88 containing the completed chip packages 22 are 
brought together and registered using the registration holes 
94 within the strips 88. The Z-axis film 84 described above 
is then cut into rectangles and positioned between each pair 
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of Vertically aligned chip packages 22 in the above-de 
Scribed manner. Heat and pressure are then applied to each 
chip Stack 80 for approximately one minute to cure the 
Z-axis film 84. Upon the cure of the Z-axis film 84, the chip 
stacks 80 are separated from the remainder of the strip 88. 
Thereafter, the copper or solder bumps 78 may be formed on 
the first set of conductive pads 38 of the lowermost chip 
package 22 within each chip Stack 80. This particular Step is 
omitted if the lowermost strip 88 is originally provided with 
the copper bumps 78 formed on the pads 38 of each of the 
first sets thereof. Finally, the completed chip stack 80 is 
Subjected to an electrical test to Verify the integrity of all the 
electrical connections therein. The copper or Solder bumps 
78 are preferably formed during the fabrication of the flex 
circuit 24 through the use of a plating process. 

0065 Referring now to FIGS. 17-19, there is depicted a 
Stackable integrated circuit chip package 100 constructed in 
accordance with a Second embodiment of the present inven 
tion. The chip package 100 comprises a flex circuit 102 
which is substantially identical to the previously described 
flex circuit 24, and comprises a flexible substrate 104 having 
a conductive pattern 106 disposed thereon. The chip package 
100 also includes an integrated circuit chip 108 which is 
identical to the above-describe integrated circuit chip 56 and 
is electrically connected to the conductive pattern 106. The 
substrate 104 of the chip package 100 is wrapped about and 
attached to at least a portion of the integrated circuit chip 
108 Such that the conductive pattern 106 defines a first 
portion 110 and a second portion 112 which are each 
electrically connectable to another stackable integrated cir 
cuit chip package. In the chip package 100 of the Second 
embodiment, the conductive pattern 106 is substantially 
identical to the conductive pattern 36 previously described 
in relation to the chip package 22. Additionally, the electrical 
connection of the integrated circuit chip 108 to the conduc 
tive pattern 106 is accomplished in the chip package 100 in 
the same manner previously described in relation to the 
electrical connection of the integrated circuit chip 56 to the 
conductive pattern 36. 

0.066. In the chip package 100 of the second embodiment, 
the body 114 of the integrated circuit chip 108 preferably has 
a general rectangular configuration defining a pair of longi 
tudinal sides 116 and a pair of lateral sides 118. The substrate 
104 itself preferably has a generally rectangular configura 
tion defining a pair of longitudinal peripheral edge Segments 
120 and a pair of lateral peripheral edge Segments 122. The 
conductive pattern 106 extends along the bottom surface of 
the Substrate 104 to the longitudinal peripheral edge Seg 
ments 120 thereof. The substrate 104 is wrapped about the 
longitudinal sides 116 of the body 114, such that the longi 
tudinal peripheral edge Segments 120 extend along the top 
surface 115 of the body 114 in spaced, generally parallel 
relation to each other. The first and second portions 110, 112 
of the conductive pattern 106 also extend in Spaced, gener 
ally parallel relation to each other, with the first portion 110 
extending over portions of the bottom surface 117 of the 
body 114 and the second portion 112 extending over a 
portion of the top surface 115 of the body 114. The substrate 
104 is preferably attached to the body 114 of the integrated 
circuit chip 108 through the use of a pair of adhesive strips 
124 substantially identical to the above-described adhesive 
strips 48. Additionally, an epoxy layer 126 substantially 
identical to the above-described epoxy layer 70 is preferably 
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disposed between the bottom surface 117 of the body 108 
and the top surface of the substrate 104. 
0067. The assembly process or method related to the chip 
package 100 of the second embodiment is substantially 
similar to the assembly method previously described in 
relation to the chip package 22 of the first embodiments. In 
this respect, the assembly method related to the chip package 
100 differs primarily in that the strip 88 is wrapped about the 
opposed longitudinal sides 116 of the body 114 and adhered 
directly thereto due to the absence of the frame 46 in the chip 
package 100 of the second embodiment. 
0068 Referring now to FIG. 20, there is depicted a 
Stackable integrated circuit chip package 200 constructed in 
accordance with a third embodiment of the present inven 
tion. The chip package 200 comprises a flex circuit 202 
which itself comprises a flexible substrate 204 having 
opposed, generally planar top and bottom Surfaces, and a 
conductive pattern 206 disposed thereon. The chip package 
200 of the third embodiment further comprises an integrated 
circuit chip 208 which is electrically connected to the 
conductive pattern 206. The Substrate 204 is folded and 
attached to itself such that the conductive pattern 206 defines 
a first portion 210 and a second portion 212 which are each 
electrically connectable to another Stackable integrated cir 
cuit chip package. In the chip package 200 of the third 
embodiment, the conductive pattern 206 is substantially 
identical to the above-described conductive pattern 36 of the 
chip package 22. Additionally, the electrical connection of 
the integrated circuit chip 208 (which is substantially iden 
tical to the above-described integrated circuit chip 56) to the 
conductive pattern 206 is accomplished in the same manner 
previously described in relation to the electrical connection 
of the integrated circuit chip 56 to the conductive pattern 36 
in the chip package 22. 

0069. In the chip package 200 of the third embodiment, 
the body 214 of the integrated circuit chip 208 preferably has 
a generally rectangular configuration defining a pair of 
longitudinal sides 216 and a pair of lateral Sides. The 
Substrate 204 itself preferably has a generally rectangular 
configuration defining a pair of longitudinal peripheral edge 
Segments 218 and a pair of lateral peripheral edge Segments. 
The conductive pattern 206 extends along the bottom Sur 
face of the Substrate 204 to the longitudinal peripheral edge 
segments 218 thereof. The substrate 204 is folded such that 
the longitudinal peripheral edge Segments 218 thereof 
extend along and in Substantially parallel relation to respec 
tive ones of the longitudinal sides 216 of the body 214, with 
the first and second portions 210, 212 of the conductive 
pattern 206 extending in generally parallel relation to each 
other. 

0070. As seen in FIG. 20, the total thickness of the 
substrate 204 at those regions whereat it is folded over itself 
is preferably such that the second portion 212 of the con 
ductive pattern 206 is substantially flush with or extends 
along a plane disposed above the top Surface of the body 214 
of the integrated circuit chip 208, thus allowing for the 
electrical connection of the Second portion 212 to another 
Stackable integrated circuit chip package. In the chip pack 
age 200 of the third embodiment, the Substrate 204 is 
preferably attached to itself through the use of a pair of 
adhesive strips 220 substantially similar to the above-de 
scribed adhesive strips 48 of the chip package 22 of the first 
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embodiment. The chip package 200 of the third embodiment 
further preferably comprises an epoxy layer 222 which is 
disposed between the bottom surface of the body 214 and the 
top surface of the substrate 204, and is substantially identical 
to the above-described epoxy layer 70 of the chip package 
22 of the first embodiment. The assembly method related to 
the chip package 200 of the third embodiment is also 
Substantially analogous to the above-described assembly 
method related to the chip package 22 of the first embodi 
ment, except that the substrate 204 is folder over and 
adhered to itself rather than to either the frame 46 or the 
body 214 of the integrated circuit chip 208. 
0071 Additional modifications and improvements of the 
present invention may also be apparent to those of ordinary 
skill in the art. Thus, the particular combination of parts and 
StepS described and illustrated herein is intended to represent 
only certain embodiments of the present invention, and is 
not intended to Serve as limitations or alternative devices 
and methods within the Spirit and Scope of the invention. 

1. A Stackable integrated circuit chip package, compris 
ing: 

a flex circuit comprising: 
a flexible Substrate having opposed, generally planar 

top and bottom Surfaces, and 
a conductive pattern disposed on the Substrate; 

a frame attached to the Substrate of the flex circuit; and 
an integrated circuit chip at least partially circumvented 
by the frame and electrically connected to the conduc 
tive pattern; 

the Substrate being wrapped about and attached to at least 
a portion of the frame Such that the conductive pattern 
defines first and Second portions which are each elec 
trically connectable to another Stackable integrated 
circuit chip package. 

2. The chip package a claim 1 wherein: 
the frame defines a central opening for receiving the 

integrated circuit chip, a top Surface, and a bottom 
Surface; 

the top and bottom Surfaces of the frame are attached to 
the top Surface of the Substrate; and 

the Substrate is wrapped about the frame such that the first 
portion of the conductive pattern extends over a portion 
of the bottom Surface of the frame and the second 
portion of the conductive pattern extends over a portion 
of the top surface of the frame. 

3. The chip package of claim 2 wherein: 
the frame has a generally rectangular configuration defin 

ing opposed pairs of longitudinal and lateral Sides, and 
the Substrate is wrapped about the longitudinal sides of 

the frame such that the first and second portions of the 
conductive pattern extend in Spaced, generally parallel 
relation to each other over respective portions of the 
bottom and top Surfaces of the frame. 

4. The chip package of claim 3 wherein: 
the Substrate has a generally rectangular configuration 

defining a pair of longitudinal peripheral edge Segments 
and a pair of lateral peripheral edge Segments, 
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the conductive pattern extends along the bottom Surface 
of the Substrate to the longitudinal peripheral edge 
Segments thereof, and 

the Substrate is wrapped about the longitudinal Sides of 
the frame Such that the longitudinal peripheral edge 
Segments of the Substrate extend along respective ones 
of the longitudinal Sides of the frame. 

5. The chip package of claim 4 wherein the Substrate is 
sized relative to the frame Such that the lateral sides of the 
frame protrude from respective ones of the lateral peripheral 
edge Segments of the Substrate, and the longitudinal periph 
eral edge Segments of the Substrate extend to the central 
opening of the frame. 

6. The chip package of claim 5 further comprising a pair 
of heat Sinks attached to respective ones of the lateral sides 
of the frame. 

7. The chip package of claim 1 wherein the conductive 
pattern comprises: 

a first Set of pads disposed on the bottom Surface of the 
Substrate; and 

a Second Set of pads disposed on the top Surface of the 
Substrate and electrically connected to respective ones 
of the pads of the first set; 

the integrated circuit chip being electrically connected to 
the pads of the Second Set. 

8. The chip package of claim 7 further comprising a 
plurality of metallic bumps electrically connected to respec 
tive ones of the pads of the first set. 

9. The chip package of claim 7 wherein the pads of the 
Second Set are arranged in an identical pattern to the pads of 
the first Set Such that pads of the Second Set are aligned with 
and electrically connected to respective ones of the pads of 
the first set. 

10. The chip package of claim 7 wherein the integrated 
circuit chip comprises: 

a body having opposed, generally planar top and bottom 
Surfaces, and 

a plurality of conductive contacts disposed on the bottom 
surface of the body; 

the conductive contacts of the integrated circuit chip 
being electrically connected to respective ones of the 
pads of the Second Set. 

11. The chip package of claim 10 wherein the conductive 
contacts are arranged on the bottom Surface of the body in 
an identical pattern to the pads of the Second Set. 

12. The chip package of claim 10 wherein the conductive 
contacts of the integrated circuit chip are electrically con 
nected to respective ones of the pads of the Second Set via 
Solder. 

13. The chip package of claim 10 further comprising a 
layer of epoxy disposed between the bottom surface of the 
body and the top surface of the substrate. 

14. The chip package of claim 10 wherein the integrated 
circuit chip is Selected from the group consisting of: 

a flip chip device; and 

a fine pitch BGA device. 
15. The chip package of claim 1 wherein the Substrate is 

attached to the frame through the use of an acrylic film 
adhesive. 
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16. The chip package of claim 1 wherein the Substrate is 
fabricated from a polyamide having a thickness in the range 
of from about one mill to about eight mils. 

17. The chip package of claim 1 wherein the frame is 
fabricated from a plastic material filled with a thermal 
enhancing material. 

18. The chip package of claim 1 wherein the frame is 
fabricated from a metal material. 

19. The chip package of claim 1 further in combination 
with a Second chip package Stacked upon the chip package, 
the first portion of the conductive pattern of the Second chip 
package being electrically connected to the Second portion 
of the conductive pattern of the chip package. 

20. The chip package of claim 19 wherein the chip 
packages are electrically connected to each other via a 
Z-axis film material. 

21. A Stackable integrated circuit chip package, compris 
Ing: 

a flex circuit comprising: 
a flexible Substrate having opposed, generally planar 

top and bottom Surfaces, and 
a conductive pattern disposed on the Substrate; 

an integrated circuit chip electrically connected to the 
conductive pattern; 

the Substrate being wrapped about and attached to at least 
a portion of the integrated circuit chip Such that the 
conductive pattern defines first and Second portions 
which are each electrically connectable to another 
Stackable integrated circuit chip package. 

22. The chip package of claim 21 wherein the conductive 
pattern comprises: 

a first Set of pads disposed on the bottom Surface of the 
Substrate; and 

a Second Set of pads disposed on the top Surface of the 
Substrate and electrically connected to respective ones 
of the pads of the first set; 

the integrated circuit chip being electrically connected to 
pads of the Second Set. 

23. The chip package of claim 22 further comprising a 
plurality of copper bumps electrically connected to respec 
tive ones of the pads of the first set. 

24. The chip package of claim 22 wherein the pads of the 
Second Set are arranged in an identical pattern to the pads of 
the first Set Such that the pads of the Second Set are aligned 
with and electrically connected to respective ones of the 
pads of the first Set. 

25. The chip package of claim 22 wherein the integrated 
circuit chip comprises: 

a body having opposed, generally planar top and bottom 
Surfaces, and 

a plurality of conductive contacts disposed on the bottom 
surface of the body; 

the conductive contacts of the integrated circuit chip 
being electrically connected to respective ones of the 
pads of the Second Set. 

26. The chip package of claim 25 wherein the conductive 
contacts are arranged on the bottom Surface of the body in 
an identical pattern to the pads of the Second Set. 
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27. The chip package of claim 25 wherein the conductive 
contacts of the integrated circuit chip are attached to respec 
tive ones of the pads of the Second Set via Solder. 

28. The chip package of claim 25 further comprising a 
layer of epoxy disposed between the bottom surface of the 
body and the top surface of the substrate. 

29. The chip package of claim 25 wherein the integrated 
circuit chip is Selected from the group consisting of: 

a flip chip device; and 

a fine pitch BGA device. 
30. The chip package of claim 25 wherein: 
the body of the integrated circuit chip has a generally 

rectangular configuration defining a pair of longitudinal 
Sides and a pair of lateral Sides, 

the Substrate has a generally rectangular configuration 
defining a pair of longitudinal peripheral edge Segments 
and a pair of lateral peripheral edge Segments, 

the conductive pattern extends along the bottom Surface 
of the Substrate to the longitudinal peripheral edge 
Segments thereof, and 

the Substrate is wrapped about the longitudinal Sides of 
the body Such that the longitudinal peripheral edge 
Segments of the Substrate extend along the top Surface 
of the body in Spaced, generally parallel relation to each 
other, and the first and Second portions of the conduc 
tive pattern extend in Spaced, generally parallel relation 
to each other over respective portions of the bottom and 
top Surfaces of the body of the integrated circuit chip. 

31. The chip package of claim 21 wherein the substrate is 
attached to the integrated circuit chip through the use of an 
acrylic film adhesive. 

32. The chip package of claim 21 wherein the Substrate is 
fabricated from a polyamide having a thickness in the range 
of from about 1 mill to about 8 mils. 

33. A Stackable integrated circuit chip package, compris 
ing: 

a flex circuit comprising: 

a flexible Substrate having opposed, generally planar 
top and bottom Surfaces, and 

a conductive pattern disposed on the bottom Surface; 
an integrated circuit chip electrically connected to the 

conductive pattern; 

the substrate being folded and attached to itself such that 
the conductive pattern defines first and Second portions 
which are each electrically connectable to another 
Stackable integrated circuit chip package. 

34. The chip package of claim 33 wherein the conductive 
pattern comprises: 

a first Set of pads disposed on the bottom Surface of the 
Substrate; and 

a Second Set of pads disposed on the top Surface of the 
Substrate and electrically connected to respective ones 
of the pads of the first set; 

the integrated circuit chip being electrically connected to 
the pads of the Second Set. 
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35. The chip package of claim 34 further comprising a 
plurality of metallic bumps electrically connected to respec 
tive ones of the pads of the first set. 

36. The chip package of claim 34 wherein the pads of the 
Second Set are arranged in an identical pattern to the pads of 
the first Set Such that the pads of the Second Set are aligned 
with and electrically connected to respective ones of the 
pads of the first Set. 

37. The chip package of claim 34 wherein the integrated 
circuit chip comprises: 

a body having opposed, generally planar top and bottom 
Surfaces, and 

a plurality of conductive contacts disposed on the bottom 
surface of the body; 

the conductive contacts of the integrated circuit chip 
being electrically connected to respective ones of the 
pads of the Second Set. 

38. The chip package of claim 37 wherein the conductive 
contacts are arranged on the bottom Surface of the body in 
an identical pattern to the pads of the Second Set. 

39. The chip package of claim 37 wherein the conductive 
contacts of the integrated circuit chip are electrically con 
nected to respective ones of the pads of the Second Set via 
Solder. 

40. The chip package of claim 37 further comprising a 
layer of epoxy disposed between the bottom surface of the 
body and the top surface of the Substrate. 

41. The chip package of claim 37 wherein the integrated 
circuit chip is Selected from the group consisting: 

a flip chip device; and 

a fine pitch BGA device. 
42. The chip package of claim 37 wherein: 
the body of the integrated circuit chip has a generally 

rectangular configuration defining a pair of longitudinal 
Sides and a pair of lateral sides, 

the Substrate has a generally rectangular configuration 
defining a pair of longitudinal peripheral edge Segments 
and a pair of lateral peripheral edge Segments, 

the conductive pattern extends along the bottom Surface 
of the Substrate to the longitudinal peripheral edge 
Segments thereof, and 

the Substrate is folded Such that the longitudinal periph 
eral edge Segments thereof extend along and in Sub 
Stantially parallel relation to respective ones the longi 
tudinal sides of the body, and the first and second 
portions of the conductive pattern extend in generally 
parallel relation to each other. 

43. The chip package of claim 33 wherein the substrate is 
attached to itself through the use of an acrylic film adhesive. 

44. The chip package of claim 33 wherein the substrate is 
fabricated from a polyamide having a thickness in the range 
of from about 1 mill to about 8 mils. 

45. A method of assembling a Stackable integrated circuit 
chip package, comprising the Steps of: 

(a) electrically connecting an integrated circuit chip to a 
conductive pattern on a flexible substrate of a flex 
circuit; 
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(b) attaching a frame to the flex circuit Such that the frame 
at least partially circumvents the integrated circuit chip; 
and 

(c) wrapping the flex circuit about and Securing the flex 
circuit to at least a portion of the frame Such that the 
conductive pattern defines first and Second portions 
which are each electrically connectable to at least one 
other Stackable integrated circuit chip package. 

46. The method of claim 45 wherein the integrated circuit 
chip includes a plurality of conductive contacts having 
Solder applied thereto, and step (a) comprises the steps of: 

(1) applying a layer of flux to the conductive contacts of 
the integrated circuit chip; 

(2) positioning the integrated circuit chip upon the Sub 
Strate Such that at least Some of the conductive contacts 
abut the conductive pattern; and 

(3) applying heat to the integrated circuit chip and the 
Substrate to facilitate the reflow of the Solder and 
electrical connection of the conductive contacts to the 
conductive pattern. 

47. The method of claim 46 wherein step (3) is completed 
at a temperature not exceeding about 220 degrees Celsius 
and in a reducing atmosphere of about 90 percent nitrogen 
and about 10 percent hydrogen. 

48. The method of claim 47 wherein step (3) is completed 
while a vacuum is being applied to the Substrate to maintain 
the Substrate in a generally flat orientation. 

49. The method of claim 46 wherein step (a) further 
comprises the Steps of: 

(4) dispensing a quantity of an epoxy onto the Substrate 
along a side of the integrated circuit chip to facilitate 
the wicking of the epoxy between the integrated circuit 
chip and the Substrate; and 

(5) applying heat to the integrated circuit chip and the 
Substrate to facilitate the hardening of the epoxy. 

50. The method of claim 49 wherein: 

Step (4) is completed when the Substrate is placed on a 
heated Stage at a temperature of about 90 degrees 
Celsius, and 

Step (5) is completed on the heated Stage at a temperature 
of about 160 degrees Celsius for a time period of about 
5 minutes. 

51. The method of claim 50 wherein steps (4) and (5) are 
completed while a vacuum is being applied to the Substrate 
to maintain the Substrate in a generally in flat orientation. 

52. The method of claim 49 wherein step (a) further 
comprises the Step of 

(6) testing the integrity of the electrical connection of the 
conductive contacts of the integrated circuit chip to the 
conductive pattern. 

53. The method of claim 45 wherein step (b) comprises 
the Steps of: 

(1) bonding two strips of an adhesive to the Substrate 
along opposite Sides of the integrated circuit chip; 

(2) punching a pair of flex windows through the Substrate 
and respective ones of the adhesive Strips, and 

(3) attaching the frame to the adhesive Strips. 
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54. The method of claim 53 wherein step (1) is completed 
by heating the adhesive Strips and the Substrate to a tem 
perature of about 140 degrees Celsius and applying pressure 
to the adhesive strips for a time period of from about 5 
Seconds to about 10 Seconds. 

55. The method of claim 53 wherein step (3) comprises 
heating the frame, the adhesive Strips, and the Substrate to a 
temperature of about 140 degrees Celsius and applying 
pressure of about 20 psi to the frame for a time period of 
about 5 Seconds. 

56. The method of claim 45 wherein the frame defines 
opposed sides, and Step (c) comprises the steps of: 

(1) positioning the Substrate upon a spaced pair or recip 
rocally movable wrapping fingers, 

(2) applying downward pressure to at least one of the 
frame and the integrated circuit chip to force the frame 
and the integrated circuit chip between the wrapping 
fingers and facilitate the folding of the Substrate 
upwardly along each of the opposed Sides of the frame; 

(3) moving the wrapping fingers toward each other to 
facilitate the wrapping of the Substrate about the 
opposed sides of the frame; and 

(4) moving the wrapping fingers away from each other to 
allow for the removal of the chip package from ther 
ebetween. 

57. The method of claim 56 wherein step (3) comprises 
applying heat to the chip package at a temperature of about 
180 degrees Celsius for a time period of about 5 minutes. 

58. The method of claim 45 further comprising the step of: 
(d) electrically connecting the Second portion of the 

conductive pattern of the chip package to the first 
portion of the conductive pattern of another Stackable 
integrated circuit chip package to form a chip Stack. 

59. The method of claim 58 wherein step (d) comprises 
the Steps of: 

(1) placing a Z-axis film between the chip packages; and 
(2) applying heat and pressure to the chip packages for a 

time period of about 1 minute to cure the Z-axis film. 
60. The method of claim 58 further comprising the steps 

of: 

(e) forming a plurality of copper bumps on the first 
portion of the conductive pattern of the lowermost chip 
package of the chip Stack, and 

(f) testing the integrity of the electrical connection of the 
chip packages to each other. 

61. A method of assembling a Stackable integrated circuit 
chip package, comprising the Steps of: 

(a) electrically connecting an integrated circuit chip to a 
conductive pattern on a flexible substrate of a flex 
circuit; 

(b) wrapping the flex circuit about and Securing the flex 
circuit to at least a portion of the integrated circuit chip 
Such that the conductive pattern defines first and Second 
portions which are each electrically connectable to at 
least one other Stackable integrated circuit chip pack 
age. 

62. The method of claim 61 wherein the integrated circuit 
chip includes a plurality of conductive contacts having 
Solder applied thereto, and step (a) comprises the steps of: 
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(1) applying a layer of flux to the conductive contacts of 
the integrated circuit chip; 

(2) positioning the integrated circuit chip upon the Sub 
Strate Such that at least Some of the conductive contacts 
abut the conductive pattern; and 

(3) applying heat to the integrated circuit chip and the 
Substrate to facilitate the reflow of the Solder and 
electrical connection of the conductive contacts to the 
conductive pattern. 

63. The method of claim 62 wherein step (3) is completed 
at a temperature not exceeding about 220 degrees Celsius 
and in a reducing atmosphere of about 90 percent nitrogen 
and about 10 percent hydrogen. 

64. The method of claim 63 wherein step (3) is completed 
while a vacuum is being applied to the Substrate to maintain 
the Substrate in a generally flat orientation. 

65. The method of claim 62 wherein step (a) further 
comprises the Steps of: 

(4) dispensing a quantity of an epoxy onto the Substrate 
along a side of the integrated circuit chip to facilitate 
the wicking of the epoxy between the integrated circuit 
chip and the Substrate; and 

(5) applying heat to the integrated circuit chip and the 
Substrate to facilitate the hardening of the epoxy. 

66. The method of claim 65 wherein: 

Step (4) is completed when the Substrate is placed on a 
heated Stage at a temperature of about 90 degrees 
Celsius; and 

Step (5) is completed on the heated Stage at a temperature 
of about 160 degrees Celsius for a time period of about 
5 minutes. 

67. The method of claim 66 wherein steps (4) and (5) are 
completed while a vacuum is being applied to the Substrate 
to maintain the Substrate in a generally in flat orientation. 

68. The method of claim 65 wherein step (a) further 
comprises the Step of 

(6) testing the integrity of the electrical connection of the 
conductive contacts of the integrated circuit chip to the 
conductive pattern. 

69. The method of claim 61 wherein the integrated circuit 
chip defines opposed sides, and step (b) comprises the Steps 
of: 

(1) positioning the Substrate upon a spaced pair or recip 
rocally movable wrapping fingers, 

(2) applying downward pressure to the integrated circuit 
chip to force the integrated circuit chip between the 
wrapping fingers and facilitate the folding of the Sub 
Strate upwardly along each of the opposed sides of the 
integrated circuit chip; 

(3) moving the wrapping fingers toward each other to 
facilitate the wrapping of the Substrate about the 
opposed sides of the integrated circuit chip; and 

(4) moving the wrapping fingers away from each other to 
allow for the removal of the chip package from ther 
ebetween. 

70. The method of claim 69 wherein step (3) comprises 
applying heat to the chip package at a temperature of about 
180 degrees Celsius for a time period of about 5 minutes. 
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71. The method of claim 61 further comprising the step of: 
(c) electrically connecting the Second portion of the 

conductive pattern of the chip package to the first 
portion of the conductive pattern of another Stackable 
integrated circuit chip package to form a chip Stack. 

72. The method of claim 71 wherein step (c) comprises 
the Steps of: 

(1) placing a Z-axis film between the chip packages; and 
(2) applying heat and pressure to the chip packages for a 

time period of about 1 minute to cure the Z-axis film. 
73. The method of claim 71 further comprising the steps 

of: 

(d) forming a plurality of copper bumps on the first 
portion of the conductive pattern of the lowermost chip 
package of the chip Stack, and 
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(e) testing the integrity of the electrical connection of the 
chip packages to each other. 

74. A method of assembling a Stackable integrated circuit 
chip package, comprising the Steps of: 

(a) electrically connecting an integrated circuit chip to a 
conductive pattern on a flexible substrate of a flex 
circuit; 

(b) folding the flex circuit over and Securing it to a portion 
of itself such that the conductive pattern defines first 
and Second portions which are each electrically con 
nectable to at least one other Stackable integrated 
circuit chip package. 


