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STRUCTURE FOR STACKING AN INTEGRATED CIRCUIT ON ANOTHER
INTEGRATED CIRCUIT

Field of the Invention

This disclosure relates to semiconductors, and more particularly to semiconductor

packaging by stacking integrated circuits on each other.

Related Art

Various semiconductor package structures have been proposed and used to house
semiconductor die. Many of these structures have elements for providing noise isolation and
thermal dissipation. As the need and desire for more compact semiconductor devices
continues, some integrated circuits have been stacked directly on top of each other. Various
issues are associated with the stacking of integrated circuit packages. Such issues include the
increased concentration of heat that is not effectively dissipated, the alignment of packages
and package leads, and the associated electrical interference which is inherent both within the
footprint of the packages and along the outgoing leads of the packages.

For example, when semiconductor packages are stacked the thermal effects combine
linearly. As aresult, others have proposed stacking packages with air gaps between the
packages sufficient to obtain thermal convection. However, the use of air gaps provides
limited thermal enhancement for many modern semiconductors which dissipate multiple
watts of power. Utilization of thermally enhanced materials in direct contact with a
semiconductor package improves the power dissipation qualities of the semiconductor
package.

Past approaches to compensate for noise have been directed toward shielding an entire
completed semiconductor assembly around an entire perimeter of the semiconductor
assembly. Insulated wire may also be used for packages having wire bonds.

Additionally, when FLASH memory is included within a stacked package, security of
the data stored in the FLASH memory is problematic. When the critical data and control pins
of a FLASH memory can be physically accessed such as by removal of the FLASH memory
package from a stacked assembly, its contents can be easily obtained by extraction. Yet

further problems often encountered with various known stacked semiconductor package
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technologies are the effects of warpage of the package substrate during a high temperature
reflow to join the semiconductor packages together. For example, under certain conditions
the substrate surface of a lower package may become concave while the substrate surface of
an upper package may become convex. This warpage prevents effective and reliable solder
joint formation resulting in failed electrical contact and operation. Therefore, there exist

various problems associated with the stacking of two or more semiconductor packages.

Brief Description of the Drawings

The present invention is illustrated by way of example and not by limitation in the
accompanying figures, in which like references indicate similar elements, and in which:

FIG. 1 illustrates in cross-sectional form the components of a stacked semiconductor
package arrangement in accordance with one form of the present invention;

FIG. 2 illustrates in cross-sectional form a packaged assembly of the components of
FIG. 1;

FIG. 3 illustrates in cross-sectional form the components of a stacked semiconductor
package arrangement in accordance with another form of the present invention;

FIG. 4 illustrates a top view of one form of an element inserted between the
semiconductor packages of FIG. 3;

FIG. 5 illustrates a bottom view of a substrate with conductive bumps on only two
sides of the top semiconductor package of FIG. 3;

FIG. 6 illustrates in perspective form an overlay of the element of FIG. 4 with the
bottom of the top semiconductor package as illustrated in FIG. 5;

FIG. 7 illustrates in cross-sectional form a packaged assembly of the components of
FIG. 3 in accordance with yet another form of the present invention;

FIG. 8 illustrates a top view of another form of an element inserted between the
semiconductor packages of FIG. 3;

FIG. 9 illustrates a bottom view of a substrate with conductive bumps on four sides of
the top semiconductor package of FIG. 3;

FIG. 10 illustrates in perspective form an overlay of the element of FIG. 8 with the

bottom of the top semiconductor package as illustrated in FIG. 9;
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FIG. 11 illustrates in cross-sectional form the components of a packaged assembly of
a stacked semiconductor package in accordance with another form of the present invention;

FIG. 12 illustrates in cross-sectional form the components of a packaged assembly of
a stacked semiconductor package in accordance with a further form of the present invention;

FIG. 13 illustrates a side view of the stacked semiconductor package arrangement of
FIG. 12;

FIG. 14 illustrates in cross-sectional form the components of a packaged assembly of
a stacked semiconductor package in accordance with a further form of the present invention;

FIG. 15 illustrates a bottom view of the upper semiconductor package of FIG. 14; and

FIG. 16 illustrates a top view of the lower semiconductor package of FIG. 14.

Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated relative to other elements to help

improve the understanding of the embodiments of the present invention.

Detailed Description

Generally there is herein provided a method and apparatus for providing an improved
method and structure for stacking semiconductor packages, as opposed to semiconductor die,
having enhanced thermal and noise properties, alignment properties, and security features.
Various forms of the stacked semiconductor packages may be implemented, of which several
will be discussed in detail below.

Illustrated in FIG. 1 is a stacked semiconductor package 10 having a first
semiconductor package 12 and an overlying second semiconductor package 14. Positioned
between the first semiconductor package 12 and the second semiconductor package 14 is an
intervening element in the form of a thin film material 16. The thin film material 16 has
adhesive properties on both sides (i.e. an upper surface and a lower surface) and in one form
the adhesion is thermally activated. As a film, the thin film material 16 may be preformed to
a desired precise shape having relatively precise dimensions. It should be understood that
other types of adhesives however may be used. The thin film material 16 is flexible and
compliant (i.e. surface conformal) and may be used with any thickness or dimension as
defined by the semiconductor packages. The first semiconductor package 12 has a plurality

of conductive balls for making electrical contact to a semiconductor die (not illustrated)
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within the first semiconductor package 12. For example, conductive ball 18 is one of a
plurality of such conductive balls. As defined and used herein, a conductive ball is made of
any conductive material or materials. It should be understood that the conductive balls are
placed onto an underlying substrate or a motherboard 30 having aiplurality of conductive
contacts. The first semiconductor package 12 also has a substrate 20. The substrate 20 may
be made of various materials such as a conductive film (i.e. a substrate), FR4, a
Bismaleimide/Triazine (BT) laminate or other organic materials commonly used for
semiconductor package substrates. Overlying the substrate 20 is a mold cap 22, the size of
which is determined by the semiconductor package body size and adjacent solder lans, such
as solder lan 24. As used herein the term “solder lan” includes any type of electrical contact.
Further, the term “solder” includes various conductive materials such as conductive paste,
polymer bumps, etc. in addition to a conventional solder composition. The mold cap 22 is
typically a plastic molded material. When molding is completed, the substrate 20 and mold
cap 22 are integral to each other. The second semiconductor package 14 also has a plurality
of conductive balls, such as conductive ball 28. The conductive balls are in contact with a
package substrate 27. Overlying the semiconductor package substrate 27 is a mold cap 26
which becomes integral with the package substrate 27 when molding is completed. The mold
cap 26 is formed of any of a plurality of conventional mold compound materials. It should be
well understood that although only two semiconductor packages are illustrated, any number
of semiconductor packages may be stacked in this arrangement. Therefore, it should be
understood that only a last or uppermost semiconductor package may have a mold cap that
extends completely from edge to edge of the underlying package substrate. Structures other
than a mold cap may used. For example, a glob top, a preformed ceramic hollow structure, a
preformed metal hollow structure, glass, etc. may be used in lieu of the illustrated mold cap.
Also, the last or uppermost semiconductor package may be implemented with a structure that
does not extend from edge to edge of the underlying package substrate.

Ilustrated in FIG. 2 is a completed assembly of the two semiconductor packages of
FIG. 1. For convenience of explanation, the reference numbers will therefore be the same in
both of these figures. In the method of assembly, the first semiconductor package 12 is
placed on the motherboard 30 in the desired predetermined position. The conductive balls of
the first semiconductor package 12 are placed in direct contact with predetermined exposed
contacts of the motherboard 30. The motherboard 30 has electrical wiring (not shown)

extending from each of the surface contacts to additional elements (not shown). The thin film
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material 16 is then placed on top of the mold cap 22 of the first semiconductor package 12.
Typically the thin film material 16 is sufficiently tacky to remain in place while the second
semiconductor package 14 is placed on top of the first semiconductor package 12. The
placement is typically automated and performed with robotic equipment. In one form, after
all components specified for a predetermined solder reflow cycle are placed or populated on
the motherboard, the entire semiconductor stacked package assembly then passes through a
reflow cycle in a reflow oven (not shown). During the reflow cycle in which heat is applied,
the two packages will attach to themselves and with the other components to the motherboard
30 and the thin film material 16 will secure the two semiconductor stacked packages one to
another. In the illustrated form, the thin film material 16 serves to minimize the warpage
induced by the thermal effects of the reflow cycle and serves to secure the first
semiconductor package 12 to the second semiconductor package 14, thereby preventing ease
of separation. It should be noted that the thin film material 16 is compliant and conformal to
the exposed surfaces of both semiconductor packages. In some configurations the bottom
surface of the top or second semiconductor package 14 may be bare silicon. The surface of
the mold cap 22 of the bottom or first semiconductor package 12 may be any of numerous
materials, including moldable plastics. Therefore the properties of the thin film material 16
will effectively adhere to the two semiconductor packages and thereby improve the rigidity of
the final stacked package assembly. This increased rigidity is important for contact joint
reliability considerations and improvement of drop test performance.

In one form the second semiconductor package 14 may be implemented as a data
storage or memory integrated circuit that is storing secure data that is desired to be protected
from unauthorized retrieval. For example, FLASH memory is commonly used to store
information. With the adhesive characteristics of the thin film material 16, if a user tries to
separate the first semiconductor package 12 from the second semiconductor package 14, the
second semiconductor package 14 will be damaged so that the inputs to the memory
integrated circuit cannot be accessed and secure data accessed and extracted. Therefore, in
addition to providing rigidity to the stacked package assembly, the thin film material 16
functions to provide security for sensitive data by making access to the data difficult.

Additionally, the thin film material 16 provides electrical shielding between the first
semiconductor package 12 and the second semiconductor package 14 when using RFI and
EMI materials. Therefore, protection from interfering signals from an adjacent package is

obtained for that portion of the circuitry that is separated from an adjacent noise source by the
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thin film material 16. The insertion and integration of thin shielding material between two
stacked packages enables noise abatement for high speed logic integrated circuits located in a
bottom or lower package position. The noise abatement feature improves the overall
performance of a packaged assembly and enables this package to be used in many noise
sensitive applications such as those found in hand held and wireless products.

[lustrated in FIG. 3 is a stacked semiconductor package assembly 40 in accordance
with another form of the present invention. A motherboard 30 having conductive contacts
underlies a first semiconductor package 42 which underlies a second semiconductor package
44. The first semiconductor package 42 has a plurality of conductive balls for making
electrical contact to a semiconductor die (not illustrated) within the first semiconductor
package 42. For example, conductive ball 48 is one of a plurality of such conductive balls.
As above, conductive balls are made of any conductive material. The conductive balls are
placed onto the contacts of the motherboard 30. The first semiconductor package 42 also has
a substrate 50. The substrate 50 may be made of various materials such as a conductive film
(i.e. a substrate) FR4, a Bismaleimide/Triazine (BT) laminate or other organic materials
commonly used for semiconductor package substrates. Overlying the substrate 50 is a mold
cap 52, the size of which is determined by the semiconductor package body size and adjacent
solder lans, such as solder lans 49, 51, 53 and 54. The mold cap 52 is typically a plastic
molded material. When molding is completed, the substrate 50 and mold cap 52 are integral
to each other. The second semiconductor package 44 also has a plurality of conductive balls,
such as conductive ball 58. The conductive balls are in contact with a package substrate 57.
Overlying the package substrate 57 is a mold cap 56 which becomes integral with the
package substrate 57 when molding is completed. It should be well understood that although
only two semiconductor packages are illustrated, any number of semiconductor packages
may be stacked in this arrangement. Also, it should be understood that the last or uppermost
semiconductor package may have a mold cap that extends completely from edge to edge of
the underlying package substrate or may have a similar or modified form as the upper surface
of the underlying package or packages.

Between the first semiconductor package 42 and the second semiconductor package
44 are insertable elements such as thin film materials 45 and 47 and a material 43 for the
purposes of noise abatement and/or thermal enhancement. The material 43 in FIG. 3 has an
extension on one or more sides which is substantially perpendicular to the illustrated lateral

portion. The extension is illustrated as having a length L. The length L may vary depending

_6-



10

15

20

25

30

WO 2006/112949 PCT/US2006/006426

upon application. As illustrated in the FIG. 3 embodiment, L is shown to be at least long
enough to extend from the lateral portion of material 43 to the upper surface of the
motherboard 30 when the assembly is formed. In other forms, the length may be
implemented only long enough to extend lateral from the stacked package assembly and
provide a contact point for one or more purposes or long enough to extend all the way
through a via in the motherboard 30. It should be understood from the view illustrated in
FIG. 3 that the material 43 extends outward from the stacked semiconductor package
assembly 40 to make contact with either the motherboard 30 when bent downward or
configured to make contact with other structures.

The thin film materials 45 and 47 may be considered optional in cases where warpage
or security are not a consideration. When used, the benefits of the thin film material are
similar to those stated previously in connection with thin film material 16. In the illustrated
form thin film material 45 is aligned to the mold cap 52 of the first semiconductor package 42
and thin film material 47 is aligned to the bottom surface of the second semiconductor
package 44. The thin film materials 45 and 47 may be of different material compositions and
may be of different dimensions.

The material 43 is placed between the two semiconductor packages 42 and 44 and the
thin film materials 45 and 47, when used, for the purposes of enhancing thermal properties of
the stacked package assembly, and/or providing RFI and EMI shielding and/or security.
When used with the thin film materials 45 and 47, the security properties of this stacked
semiconductor package assembly 40 are greatly enhanced. The material 43 is selected from a
readily available range of materials having singularly or in combination thermal conductive
and noise shielding properties. Introduction of material 43 into this stack-up assembly
improves security by impeding access to the bottom package while deterring the separation of
the two packages by conventional means. When the thin film materials 45 and 47 are in
place, the security of this package stack is greatly enhanced. The thin film interface between
dissimilar materials of the bottom package to the material 43 and the top package and the
material 43 is such that separation is destructive.

In particular, when the material 43 is attached to the motherboard 30 either through a
surface interconnect or a through-hold fashion, the mechanical and thermal dissimilarities
between the material sets make the structure integral as one. When trying to separate the two
packages, thin film material 45 has formed a cohesive bond to the mold cap 52 and material

43. Thin material 47 has formed a cohesive bond between material 43 and package substrate
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57. When attempting to separate the two packages, thermal and mechanical stresses will
prevent separation of the stacked package assembly structure. In noted cases the separation is
destructive to the entire stacked package assembly. Therefore, the removal of data from one
of the integrated circuit packages, particularly when the integrated circuit is a memory
containing secure data, is significantly impaired.

Illustrated in FIG. 4 is a top view of one physical configuration of material 43 taken
along line 4-4 of FIG. 3. This configuration enables the use of material 43 as described
above. Shown are extensions 60 of length L on two sides used for attaching material 43 to
the motherboard 30. Only two extensions are illustrated in consideration of the second
semiconductor package 44 which as illustrated in FIG. 5 has only two sides of its bottom
surface of package substrate 57 populated with conductive balls, such as a conductive ball 58.

Ilustrated in FIG. 6 is an overlay of material 43 of FIG. 4 and the bottom surface of
package substrate 57 of semiconductor package 44. In the illustrated form, the extensions are
placed to extend from the two sides of the bottom surface of package substrate 57 that are not
populated with conductive balls. It should be understood that the length L of the extensions
60 may vary. It should also be understood that the extensions 60 may remain lateral from the
semiconductor package 44 or may be configured upward away from the motherboard 30 or
downward toward, on or through the motherboard 30.

Illustrated in FIG. 7 is a side view of a completed stacked semiconductor package
assembly 40 of the two semiconductor packages of FIG. 3 with material 43 and thin film
materials 45 and 47 inserted between the first semiconductor package 42 and the second
semiconductor package 44. The material 43 functions as an intervening element and extends
laterally away from the semiconductor package 42 from above the mold cap 52 to physically
contact the underlying substrate that is motherboard 30. Various extension options exist. For
example, in one form the extension 61 contacts the top surface of the motherboard 30.
Electrical contact to the extension 61 may be made in various ways. For example, the
extension 61 may contact an element (not shown) that is positioned on the top surface of the
motherboard 30 and adjacent or integral to the completed stacked semiconductor package
assembly 40. In another form the extension of extension 61 as depicted by portion 64
protrudes to or through the back side of the motherboard 30. As a result, electrical contact to
the extension 61 may be made from the back of the motherboard 30.

Illustrated in FIG. 8 is a top view of yet another physical configuration of material 43

also taken along line 4-4 of FIG. 3. This configuration enables the use of material 43 in a
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situation where the bottom surface of package substrate 57 of semiconductor package 44 is
populated with conductive balls on all four sides. Shown are four extensions 60 of a
predetermined length. The lengths may be the same or some or all may differ one from
another. Four extensions are illustrated in consideration of the second semiconductor
package 44 which as illustrated in FIG. 9 has four sides of its bottom surface of package
substrate 57 populated with conductive balls, such as a conductive ball 58.

Iustrated in FIG. 10 is an overlay of material 43 of FIG. 8 and the bottom surface of
package substrate 57 of semiconductor package 44. In the illustrated form, the extensions are
placed to extend from all four sides of the bottom surface of package substrate 57. In one
configuration extension 60 may make contact with a conductive ball on the inner row only as
illustrated on the left side of bottom surface of package substrate 57. In the illustrated form
the conductive ball is at a ground or Vg voltage potential. However, other signal potentials
may be implemented. In another configuration, the extension 62 may capture two laterally
adjacent conductive balls and protrude a predetermined amount beyond the semiconductor
package 44. The two laterally adjacent conductive balls are each connected to the same
potential, such as a ground or Vgg potential or other potentials. In another configuration, an
extension 63 is only long enough to capture two laterally adjacent conductive balls before
terminating. Again, the two laterally adjacent conductive balls are each connected to the
same potential, such as a ground or Vgs potential or other potentials. Variations to these
structures may be readily made. For example, the number of lateral conductive balls on the
sides of the semiconductor package 44 may differ and be expanded to greater than two rows
or columns. It should be understood that the length L of the extension 62 may vary. It
should also be understood that the extension 62 may remain lateral from the semiconductor
package 44 or may be configured upward away from the motherboard 30 or downward
toward, on or through the motherboard 30.

Mlustrated in FIG. 11 is a completed assembly of the two semiconductor packages of
FIG. 3 utilizing material 43 as illustrated in FIG. 8. For convenience of explanation, the
reference numbers will therefore be the same in both of these figures. In the method of
assembly, the first semiconductor package 42 is placed on the motherboard 30 in the desired
predetermined position. The thin film material 45 is then placed on top of the mold cap 52 of
the first semiconductor package 42. Typically the thin film material 45 is sufficiently tacky
to remain in place while material 43 is placed on top of the thin film material 45. The thin

film material 47 is then placed on top of the material 43. The bottom surface of the second
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semiconductor package 44 is then placed in contact with the thin film material 47. All
placements are typically automated and performed with robotic equipment. In one form,
after all components specified for a predetermined solder reflow cycle are placed or
populated on the motherboard, the entire semiconductor stacked package assembly then
passes through a reflow cycle in a reflow oven (not shown). During the reflow cycle, the two
packages and material 43 will be secured in place by the thin film materials 45 and 47, along
with the other components to the motherboard 30. Semiconductor packages 44 and 42 will
attach one to another via the conductive balls. In the illustrated form, the thin film materials
45 and 47 serve to minimize the warpage induced by the thermal effects of the reflow cycle.
The thin film materials 45 and 47 also serve to secure semiconductor package 42 and
semiconductor package 44 to the material 43 and thereby prevent ease of separation.
Additionally, material 43 provides for thermal and /or noise enhancement to the
semiconductor package assembly. It should be noted that the thin film materials 45 and 47
are compliant and conformal to the exposed surfaces of both semiconductor packages and
material 43. Materials 43, 45 and 47 may be the same material, may be composed of
differing materials from each other or two of the materials 43, 45 and 47 may have the same
composition. In some configurations the bottom surface of the top semiconductor package 44
may be bare silicon. The surface of the mold cap 52 of the bottom semiconductor package 42
may be any of numerous materials, including moldable plastics. Therefore the properties of
the thin film materials 45 and 47 will cause the two semiconductor packages to adhere to
material 43 and thereby improve the rigidity of the final stacked package assembly.

In the illustrated form of FIG. 11 the extensions 60 capture only one conductive ball
of an interior row before terminating. Therefore, no extension of material 43 beyond the
edges of semiconductor package 42 and semiconductor package 44 is depicted. It should be
noted that solder lan 51 and solder lan 53 are each respectively thinner than solder lan 49 and
solder lan 54 to accommodate the connection to material 43. The thinning of the solder lan
49 and solder lan 54 may, in one form, be accomplished by etching. In another form the
thickness variation may be accomplished by conventional solder mask techniques.

Other modifications of the stacked package assembly of FIG. 11 may be made. For
example, the extensions 60 may not be placed between any solder lan and conductive bump.
In such an implementation, the solder lans and conductive bumps that are immediately
adjacent the mold cap of the lower semiconductor package are pushed further away to leave

room for the extensions to connect directly to the upper surface of the substrate 50. In one

-10-



10

15

20

25

30

WO 2006/112949 PCT/US2006/006426

form, the extensions 60 may be implemented as a continuous piece of material that
completely surrounds the mold cap 52 in three hundred sixty degrees. The completely
surrounding extension 60 therefore has a dome-like shape. In this form, noise shielding is
afforded the semiconductor package completely around the mold cap and the extensions 60
remain inside of the edges of the stacked package assembly. In other forms the extensions 60
are implemented to form a rectangular or box structure. In yet other forms the extensions 60
are implemented to extend only along one side, along a portion of one side or along less than
all sides of the mold cap 52. In these forms the extensions 60 are typically conformal in
shape to the mold cap 52 but do not necessarily have to be conformal. In another form other
numbers of lateral rows of conductive bumps adjacent the mold cap may be implemented
than illustrated. In the illustrated form of FIG. 11, two rows of conductive bumps are
provided. However, only one row, three rows or more may also be provided.

Ilustrated in FIG. 12 is another form of the stacked semiconductor package assembly
40 where material 43 laterally protrudes between the two semiconductor packages but is bent
exterior to the stacked semiconductor package assembly 40 in an upward direction. Material
43 in this configuration may function to accomplish one or more objectives. In particular, the
exposure to ambient air will function as a heat dispersion feature to enhance heat dissipation.
Additionally, because material 43 is conductive, the placement of material 43 exterior to the
stacked semiconductor package assembly 40 will permit the material 43 to electrically shield
a predetermined portion of the stacked semiconductor package assembly 40. The external
presence of material 43 as well as the upward bending of material 43 also allows flexibility to
a user as to how ground or other voltage contact to material 43 may be accomplished. In
another form, it should be understood that material 43 may not be bent and permitted to
extend laterally from the stacked semiconductor package assembly 40 for thermal dissipation
enhancement or for purposes of enabling electrical contact. Additionally, other angles of
forming of material 43 besides the illustrated ninety degrees may be used.

Ilustrated in FIG. 13 is a side view of the stacked semiconductor package assembly
40 as depicted in FIG. 12. Illustrated is a single fin configuration using material 43. It
should be understood that additional fins (not shown) may be added to further enhance the
thermal dissipation properties of this method. Also, any angle of bending may be
implemented depending upon the application even though FIG. 13 illustrates a substantially
ninety degree bend.
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Ilustrated in FIG. 14 is one of the variations mentioned above in the discussion of
FIG. 11 of the stacked package assembly. For convenience of discussion, elements in FIG.

14 that are analogous to the elements of FIG. 11 are numbered identically. In the illustrated
form of FIG. 14, the extensions 60 do not extend between a conductive ball and a solder lan
as illustrated in FIG. 11. Rather, extensions 60 physically connect to the substrate 50 by
making at least one of physical or electrical contact to the substrate 50. The solder lans and
conductive balls are offset from the central region of the stacked package assembly to provide
enough room for the extensions 60 to contact the substrate 50 without contacting a solder lans
or conductive ball. In the illustrated form of FIG. 14, the extensions 60 effectively surround
the mold cap and provide shielding.

Illustrated in FIG. 15 is a bottom view of the upper semiconductor package of the
stacked package assembly of FIG. 14. A contact area 65 is illustrated surrounding the
package substrate 57. In the illustrated form the contact area 65 is rectangular but other
geometric forms may be used. The contact area 65 is a designated area overlying the areas on
the substrate 50 in which the extensions 60 may make contact to the substrate 50.
Additionally, rather than extensions 60 making contact to the lower semiconductor package,
the extensions 60 may be angled upward to make contact to the upper semiconductor package
within the area defined by the contact area 65. It should be understood that additional
conductive balls or fewer conductive balls, such as conductive ball 58, may be implemented.

Illustrated in FIG. 16 is a top view of the bottom or lower semiconductor package of
the stacked package assembly of FIG. 14. A contact area 66 is illustrated surrounding the
mold cap 52. The contact area 66 is a designated area on the substrate 50 in which the
extensions 60 may make contact to the substrate 50. As in connection with FIG. 15, the total
number of conductive balls may vary. The amount of the periphery around the mold cap 52
that the extensions 60 cover may vary from a percentage of one side to the entire periphery.

By now it should be appreciated that there has been provided a stacked semiconductor
package and method of formation thereof. By stacking multiple integrated circuit packages
as described herein, package rigidity is increased which provides manufacturing yield
improvement. Increased data security from unauthorized retrieval, thermal enhancement and
noise abatement are also provided.

In one form there has been provided a stacked semiconductor package assembly. A
first semiconductor package has a first surface having a first plurality of conductive bumps

attached thereto for making electrical connection to the first semiconductor package, and
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having an opposite and nonplanar second surface comprising a mold cap and a plurality of
adjoining solder lans. A second semiconductor package overlies the first semiconductor
package having a first surface and an opposite second surface. The second surface has a
second plurality of conductive bumps positioned outside of a central portion of the second
surface and is in contact with the plurality of adjoining solder lans of the first semiconductor
package. The second semiconductor package makes direct electrical contact to the first
semiconductor package via the second plurality of conductive bumps. An intervening
element is positioned in direct contact with and between the first semiconductor package and
the second semiconductor package. The intervening element is sufficiently tacky to adhere to
each of the first semiconductor package and the second semiconductor package and provides
rigidity to adjoining surfaces of the first semiconductor package and the second
semiconductor package in contact with the intervening element. The intervening element is
surface conformal to the first semiconductor package and the second semiconductor package.
An underlying substrate has a plurality of contacts. Each of the plurality of contacts of the
underlying substrate is in contact with at least one of the first plurality of conductive bumps
of the first semiconductor package.

In one form the intervening element is a thermally activated flexible material. The
intervening element is flexible enough to form without fracturing. In another form the
second semiconductor package is a data storage integrated circuit for storing secure data. In
another form the intervening element extends laterally outside from a perimeter of the first
semiconductor package and the second semiconductor package. In yet another form the
intervening element extends laterally outside from a perimeter of the first semiconductor
package and the second semiconductor package and is angled in a direction away from the
underlying substrate. In yet another form the intervening element extends laterally outside
from a perimeter of the first semiconductor package and the second semiconductor package
and is angled toward the underlying substrate to make electrical contact thereto. In yet
another form the intervening element is connected to at least one of an electrically conductive
or an insulating terminal when electrical contact to the underlying substrate is made. The
electrically conductive terminal may be a reference voltage terminal, a power supply
terminal, a ground terminal, a signal terminal or other type of terminal. The insulating
terminal may be a housing terminal, a casing terminal, a mounting stud, a connection to an
insulating material such as an oxide or nitride or other type of electrically non-conductive

terminal. In a further form the intervening element extends laterally outside from a perimeter
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of the first semiconductor package and the second semiconductor package and is angled
toward and through the underlying substrate for making at least one of electrical or physical
contact thereto from a back side of the underlying substrate. In yet another form the second
plurality of conductive bumps of the second semiconductor package that are positioned
outside of a central portion of the second surface are positioned along only two opposing
sides of the second surface and the intervening element extends laterally from the stacked
semiconductor package assembly from an adjacent two opposing sides of the second surface.
In another form the intervening element extends from above the mold cap to physically
contact the underlying substrate for noise isolation and thermal enhancement of the stacked
semiconductor package assembly.

In a further form a stacked semiconductor package assembly has a first semiconductor
package having a first surface having a first plurality of contacts for making electrical
connection to the first semiconductor package. An opposite second surface has a second
plurality of contacts. A second semiconductor package overlies the first semiconductor
package and includes a first surface and an opposite second surface. The second surface has
a third plurality of contacts positioned thereon and is respectively in contact with the second
plurality of contacts of the first semiconductor package. The second semiconductor package
makes direct electrical contact to the first semiconductor package. An intervening element is
positioned in direct contact with and between a portion of the first semiconductor package
and the second semiconductor package. The intervening element is sufficiently tacky to
adhere to each of the first semiconductor package and the second semiconductor package and
provides rigidity to adjoining surfaces of the first semiconductor package and the second
semiconductor package in contact with the intervening element. The intervening element is
surface conformal to the first semiconductor package and the second semiconductor package
and has a portion extending laterally from a periphery of the stacked semiconductor package
assembly. An underlying substrate has a fourth plurality of contacts. Each of the fourth
plurality of contacts of the underlying substrate is in contact with at least one of the first
plurality of contacts of the first semiconductor package.

In one form the intervening element is angled in a direction away from the underlying
substrate. In another form the intervening element extends laterally outside from a perimeter
of the first semiconductor package and the second semiconductor package and is angled

toward the underlying substrate to make electrical contact thereto. In yet another form the
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intervening element is connected to a fixed voltage terminal when electrical contact to the
underlying substrate is made.

In yet another form there is herein provided a stacked semiconductor package
assembly having a first semiconductor package. A first surface thereof has a first plurality of
conductive bumps attached thereto for making electrical connection to the first
semiconductor package, and has an opposite and nonplanar second surface having a mold cap
and a plurality of adjoining solder lans. A second semiconductor package overlies the first
semiconductor package and includes a first surface and an opposite second surface. The
second surface includes a second plurality of conductive bumps positioned outside of a
central portion of the second surface and is in electrical contact with the plurality of adjoining
solder lans of the first semiconductor package. The second semiconductor package makes
electrical contact to the first semiconductor package via the second plurality of conductive
bumps. A conductive adhesive layer is positioned in a central region of the stacked
semiconductor package assembly and is in direct contact with and between the first
semiconductor package and the second semiconductor package. A portion of the conductive
adhesive layer extends from the central region and is between and in electrical contact with at
least one of the first plurality of contacts and the one of the second plurality of contacts. An
underlying substrate has a plurality of contacts, each of the plurality of contacts of the
underlying substrate is in contact with at least one of the first plurality of conductive bumps
of the first semiconductor package.

In one form the at least one of the first plurality of contacts and the one of the second
plurality of contacts are connected to a fixed voltage terminal to further enhance at least one
of electrical shielding or heat dissipation between the first semiconductor package and the
second semiconductor package. In yet another form the conductive adhesive layer is a film
of thermally activated flexible material. In a further form the second semiconductor package
is a data storage integrated circuit for storing secure data. In yet a further form the portion of
the conductive adhesive layer that extends from the central region extends laterally between
multiple ones of the first plurality of contacts and the second plurality of contacts toward at
least two sides of the stacked semiconductor package assembly. In yet another form a second
portion of the conductive adhesive layer extends laterally beyond an outer edge of the stacked
semiconductor package assembly.

In the foregoing specification, the invention has been described with reference to

specific embodiments. However, one of ordinary skill in the art appreciates that various
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modifications and changes can be made without departing from the scope of the present
invention as set forth in the claims below. For example, while the embodiments described
illustra;ced a thin film material for materials 16, 45 and 47, it should be well understood that
materials of varying thickness may be used so that the thickness would not necessarily be
considered or classified in the industry as being “thin film” in nature. Various conductive
materials may be used to implement each and all of the elements described herein as being
electrically or thermally conductive. Various semiconductor encapsulating materials may be
used for the semiconductor packages that are stacked. For example, plastic molding
compounds, ceramics and other semiconductor materials may be used. Any number of
semiconductor devices may be stacked. The stacked semiconductor package assembly
described herein may also be used in connection with leaded semiconductor packages, direct
chip attach (DCA) flip chip devices, land grid arrays (LGAs) and leadless chip carriers
(LCCs) in addition to ball grid array packages. Accordingly, the specification and figures are
to be regarded in an illustrative rather than a restrictive sense, and all such modifications are
intended to be included within the scope of present invention.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any element(s) that may cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, required, or essential feature or element
of any or all the claims. As used herein, the terms "comprises," "comprising," or any other
variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,
method, article, or apparatus. The terms “a” or “an”, as used herein, are defined as one or
more than one. The term “plurality”, as used herein, is defined as two or more than two. The
term “another”, as used herein, is defined as at least a second or more. The terms “including”
and/or “having”, as used herein, are defined as “comprising” (i.e., open language). The term
“coupled”, as used herein, is defined as connected, although not necessarily directly, and not

necessarily mechanically.
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CLAIMS

What is claimed is:

1. A method of stacking semiconductor packages comprising:

providing a first senﬁconductor package comprising a first surface having a
first plurality of contacts for making electrical connection to the first
semiconductor package, and comprising an opposite second surface
comprising a second plurality of contacts;

placing a second semiconductor package over the first semiconductor package,
the second semiconductor package comprising a first surface and an
opposite second surface, the second surface comprising a third
plurality of contacts positioned thereon;

positioning an intervening element in direct contact with and between a
portion of the first semiconductor package and the second
semiconductor package, the intervening element being sufficiently
tacky to adhere to each of the first semiconductor package and the
second semiconductor package and provide rigidity to adjoining
surfaces of the first semiconductor package and the second
semiconductor package in contact with the intervening element;

laterally extending a portion of the intervening element beyond external edges
of the first semiconductor package and the second semiconductor
package;

physically contacting the second plurality of contacts of the first
semiconductor package and the third plurality of contacts to the second
semiconductor package; and

placing a substrate having a fourth plurality of contacts under the first
semiconductor package, at least one of the fourth plurality of contacts
of the substrate being in contact with at least one of the first plurality

of contacts of the first semiconductor package.

2. The method of claim]1 further comprising:
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bending portihis’of the intervening element extending lateral from an interface

of the first semiconductor package and the second semiconductor

package in a direction away from the underlying substrate.

3. The method of claim1 further comprising:

bending portions of the intervening element extending lateral from an interface
of the first semiconductor package and the second semiconductor
package in a direction toward the underlying substrate to make

electrical contact thereto.

4. The method of claim 1 further comprising:

connecting the intervening element to at least one of an electrically conductive
or an insulating terminal when electrical contact to the underlying

substrate is made.

5. A stacked semiconductor package assembly comprising:

a first semiconductor package comprising a first surface having a first plurality
of conductive bumps attached thereto for making electrical connection
to the first semiconductor package, and comprising an opposite and
nonplanar second surface comprising a mold cap and a plurality of
adjoining solder lans;

a second semiconductor package overlying the first semiconductor package
comprising a first surface and an opposite second surface, the second
surface comprising a second plurality of conductive bumps positioned
outside of a central portion of the second surface and in contact with
the plurality of adjoining solder lans of the first semiconductor
package, the second semiconductor package making direct electrical
contact to the first semiconductor package via the second plurality of
conductive bumps;

an intervening element positioned in direct contact with and between the first
semiconductor package and the second semiconductor package, the
intervening element being sufficiently tacky to adhere to each of the

first semiconductor package and the second semiconductor package
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package and the second semiconductor package in contact with the
intervening element, the intervening element being surface conformal
to the first semiconductor package and the second semiconductor
package; and

an underlying substrate having a plurality of contacts, each of the plurality of
contacts of the underlying substrate being in contact with at least one
of the first plurality of conductive bumps of the first semiconductor

package.

The stacked semiconductor package assembly of claim 5 wherein the intervening

element is a thermally activated material.

The stacked semiconductor package assembly of claim 5 wherein the second

semiconductor package is a data storage integrated circuit for storing secure data.

The stacked semiconductor package assembly of claim 5 wherein the intervening
element extends laterally outside from a perimeter of the first semiconductor package

and the second semiconductor package.

The stacked semiconductor package assembly of claim 8 wherein the intervening
element extends laterally outside from a perimeter of the first semiconductor package
and the second semiconductor package and is angled in a direction away from the

underlying substrate.

The stacked semiconductor package assembly of claim 8 wherein the intervening
element extends laterally outside from a perimeter of the first semiconductor package
and the second semiconductor package and is angled toward the underlying substrate

to make electrical contact thereto.
The stacked semiconductor package assembly of claim 10 wherein the intervening

element is connected to at least one of an electrically conductive or an insulating

terminal when electrical contact to the underlying substrate is made.
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The stacked semiconductor package assembly of claim 8 wherein the intervening
element extends laterally outside from a perimeter of the first semiconductor package
and the second semiconductor package and is angled toward and through the
underlying substrate for making at least one of electrical or physical contact thereto

from a back side of the underlying substrate.

The stacked semiconductor package assembly of claim 5 wherein the second plurality
of conductive bumps of the second semiconductor package that are positioned outside
of a central portion of the second surface are positioned along only two opposing
sides of the second surface and the intervening element extends laterally from the
stacked semiconductor package assembly from an adjacent two opposing sides of the

second surface.

The stacked semiconductor package assembly of claim 5 wherein the intervening
element extends from above the mold cap to physically contact the underlying
substrate for noise isolation and thermal enhancement of the stacked semiconductor

package assembly.

A stacked semiconductor package assembly comprising:

a first semiconductor package comprising a first surface having a first plurality
of conductive bumps attached thereto for making electrical connection
to the first semiconductor package, and comprising an opposite and
nonplanar second surface comprising a mold cap and an adjoining
plurality of solder lans;

a second semiconductor package overlying the first semiconductor package
comprising a first surface and an opposite second surface, the second
surface comprising a second plurality of conductive bumps positioned
outside of a central portion of the second surface and in electrical
contact with the plurality of adjoining solder lans of the first
semiconductor package, the second semiconductor package making
electrical contact to the first semiconductor package via the second

plurality of conductive bumps;
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a conductive adhesive layer positioned in at least a central region of the
stacked semiconductor package assembly and in direct contact with
and between the first semiconductor package and the second
semiconductor package, a portion of the conductive adhesive layer
extending from the central region and being between and in electrical
contact with at least one of the plurality of solder lans and the one of
the second plurality of conductive bumps; and

an underlying substrate having a plurality of contacts, each of the plurality of
contacts of the underlying substrate being in contact with at least one
of the first plurality of conductive bumps of the first semiconductor

package.

The stacked semiconductor package assembly of claim 15 wherein the at least one of
the plurality of solder lans and the one of the second plurality of conductive bumps
are connected to at least one of an electrically conductive or an insulating terminal to
further enhance at least one of electrical shielding or heat dissipation between the first

semiconductor package and the second semiconductor package.

The stacked semiconductor package assembly of claim 15 wherein the conductive

adhesive layer comprises a film of thermally activated flexible material.

The stacked semiconductor package assembly of claim 15 wherein the second

semiconductor package is a data storage integrated circuit for storing secure data.

The stacked semiconductor package assembly of claim 15 wherein the portion of the
conductive adhesive layer that extends from the central region extends laterally
between multiple ones of the plurality of solder lans and the second plurality of
conductive bumps toward at least two sides of the stacked semiconductor package

assembly.

The stacked semiconductor package assembly of claim 15 wherein a second portion
of the conductive adhesive layer extends laterally beyond an outer edge of the stacked

semiconductor package assembly.
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