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MULTIPACKAGE MODULE HAVING STACKED PACKAGES
WITH ASYMMETRICALLY ARRANGED DIE AND MOLDING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No. 60/670,443, filed
April 11, 2005, which is hereby inco rporated by reference in its entirety.

BACKGROUND

[0002] This invention relates to semiconductor chip packaging and, particularly, to stacked
package modules.

[0003] One approach to increasing the density of semiconductor functionality in
semiconductor chip packages is to stack die, one over another, on a package substrate .
Electrical interconnection of the stacked die may be die -to-die and/or die-to-substrate, for
example by wire bonding. It is technically difficult and therefore costly to test die prior to
assembly in the stacked die package, and some number of “bad” die are expected in the
supply. One bad die in a stacked die package can render the entire package bad and,
accordingly, significant waste of materials and manufacturing time can inevitably result in the
manufacture of stacked die packages, particularly where a larger number of die are stacked in
the package. Stacked die packages having as many as four, five or six die are in use. Stacked
die packages can be made very thin, even where spacers between adjac ent die are required.
[0004] Anocther approach to increasing the density of semiconductor functionality in
semiconductor chip packages is to stack packages, one over the other, to form a stacked
package module. Each package in the module includes at least one die , affixed to and
electrically interconnected with, a substrate. The packages in the stack are electrically
interconnected, for example by wire bonds between bond sites on the respective package
substrates. This has the advantage that the packages can be fu lly tested before they are
assembled in the stack; “bad” packages are discarded, and only packages testing as “good”
are used in the module.

[0005] Several elements contribute to the thickness of a typical stacked package module. At a
minimum, the thicknesses of the respective substrates and die, and die attach adhesive,
contribute. Additionally, where the die in each package are molded (or encapsulated) the mold
cap has a thickness typically greater than that of the die, and where the die is wire bonded to
the substrate the mold cap must be thick enough to completely cover the wires, plus a
tolerance for variation in wire loop height. And typically the package stack is also molded or
encapsulated with a module molding, which may add additional thickness.

[0006] In products where a limit is imposed on both package footprint and package thickness,

such as for example in mobile devices such as cellular telephones, PDAs, digital cameras,
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and various consumer electronic devices, it is desirable to make packages (or modules) as

thin as possible without increasing the footprint beyond the limits.
SUMMARY

[0007] In one general aspect the invention features semiconductor chip packages having
asymmetrically arranged die. Two such packages having complementary arrangements can
be stacked, one inverted with respect to the other, such that the two die are situated side -by-
side in the space between the two substrates. In some embodiments the die is affixed to its
respective substrate using an adhesive, and is electrically interconnected to the substrate by
wire bonding; and in some embodiments the die is mounted onto the respective substrate by
flip-chip interconnection. The die may be molded.

[0008] In another general aspect the invention features multipackage modules including
stacked packages, each having asymmetrically arranged die. The packages have
complementary asymmetrical arrangements, and one package is inverted with respect to the
other in the stack, such that the two die are situated side -by-side in the space between the
two substrates. The z-interconnection between adjacent packages is by solder balls, and the
solder ball height is sufficient to provide space for the die. Because the die are situated side -
by side, the module thickness is reduced.

[0009] In another general aspect the inventio n features methods for making the packages and
for making the stacked package modules .

[0010] The stackable complementary packages according to the invention can be made using
currently available manufacturing equipment and materials and conventional surface mo unt
technologies. The assembly process can be less complex than for modules having packages
stacked one over the other, and the resulting thickness profile can be less. Stack thickness in
module assemblies is reduced according to the invention, by virtue of the fact that the two die
on the two joined complementary packages share the space between the substrates and an
additional die and die attach and mold cap thickness is avoided . Manufacturing costs can be
reduced according to the invention by performing only a single solder ball reflow for the entire
assembly, following alignment of the stacked complementary packages. The individual
packages are fully testable.

[0011] According to the present invention, there is provided a semiconductor chip package
comprising a substrate having a die mount side and a land side, the die mount side including
a die attach region and an unoccupied region, and a die attached in the die attach region of
the die mount side of the substrate.

[0012] The package of claim 1 wherein the die is oriented with an active side of the die facing

away from the substrate and affixed to the die attach region with using an adhesive, and is
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electrically connected by wires between die pads in the active side of the die and bond pads in
the substrate.
[0013] The package of claim 2 wherein a molding encloses the wires and at least the die pads
in the active side of the die.
[0014] The package of claim 1 wherein the die is affixed with an active side of the side facing
toward the substrate, and is electrically connected to the die attach region by flip chip
interconnection between die pads in the active side of the die and interconnect sites in the
substrate.
[0015] The package of claim 4, further comprising an underfill between the active side of the
die and the die attach re gion of the substrate.
[0016] The package of claim 1, further comprising z -interconnection solder balls mounted on
ball pads on the die mount side of the substrate.
[0017] The package of claim 1, further comprising z -interconnection solder balls mounted on
ball pads on the land side of the substrate.
[0018] According to the present invention, there is also provided a complementary package
pair unit, comprising:
a first semiconductor chip package, comprising
a first substrate having a die mount side and a land side, the die mount
side including a die attach region and an unoccupied region,
a first package die attached in the die attach region of the die mount
side of the first substrate, and
first z-interconnection solder balls mounted on ball pads on the die
mount side of the first substrate; and
a second semiconductor chip package, comprising
a second substrate having a die mount side and a land side, the die
mount side including a die attach region and an unoccupied region,
a second package die attached in the die attach region of the die mount
side of the first substrate;
wherein the first package is stacked on the second package, the die mount side of the
first package facing the die mount side of the second package, wherein the die attach region
of the first package is aligned with the unoccupied region of the second package, and wherein
the first z-interconnection solder balls on the first package contact ball pads on the die mount
side of the second substrate.
[0019] The complementary package pair unit of claim 8 wherein the z-interconnection solder
balls are reflowed to form z-level interconnection between the ball pads on the die mount side

of the first substrate and the contact ball pads on the die mount side of the second substrate.
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[0020] The complementary package pair unit of claim 9, further comprising second
z-interconnection solder balls mounted on ball pads on the land side of the second substrate
[0021] A multipackage module comprising the complementary package pair unit of claim 9
and a module encapsulation in the v olume between the first and second packages.
[0022] A multipackage module, comprising:
a first complementary package pair unit as recited in claim 10; and
a second complementary package pair unit, comprising:
a third semiconductor chip package, comprising
a third substrate having a die mount side and a land side, the
die mount side including a die attach region and an unoccupied region,
a third package die attached in the die attach region of the die
mount side of the first substrate, and
third z-interconnection solder balls mounted on ball pads on the
die mount side of the first substrate; and
a fourth semiconductor chip package, comprising
a fourth substrate having a die mount side and a land side, the
die mount side including a die attach regi on and an unoccupied region,
a fourth package die attached in the die attach region of the die
mount side of the first substrate;
wherein the third package is stacked on the fourth package, the die mount side
of the third package facing the die mount si de of the fourth package, wherein the die attach
region of the third package is aligned with the unoccupied region of the fourth package, and
wherein the third z-interconnection solder balls on the third package contact ball pads on the
die mount side of the fourth substrate;
wherein the first complementary package pair unit is stacked on the second
complementary package pair unit, and wherein the second z -interconnection solder balls on
the second package contact ball pads on the land side of the third p ackage substrate.
[0023] The multipackage module of claim 12, further comprising a module encapsulation in
the volume between the first and second packages.
[0024] The multipackage module of claim 13, further comprising a module encapsulation in
the volume between the third and fourth packages.
[0025] The multipackage module of claim 14, further comprising a module encapsulation in
the volume between the second and third packages.
[0026] According to the present invention, there is also provided a method for making a

semiconductor chip package, comprising
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providing a package substrate having first and second sides and having a first
patterned metal layer at the first side and a second patterned metal layer at the second side,
the first side comprising a die attach region and an u noccupied region;

providing a semiconductor die having die pads on an active side thereof; and

mounting the die on the die attach region of the first side of the substrate and
electrically interconnecting the die to bond pads of the first patterned meta | layer.
[0027] The method of claim 16 wherein mounting the die comprises affixing the die on the die
attach region with the active side of the die facing away from the substrate, and wherein
electrically connecting the die comprises forming wire bond interconne ction of the die pads
with the bond pads.
[0028] The method of claim 16 wherein mounting and electrically interconnecting the die
comprises positioning the die on the die attach region with the active side facing toward the
substrate, and forming flip chip inter connection of the die pads with the bond pads.
[0029] The method of claim 17, further comprising encapsulating the die and wire bonds.
[0030] The method of claim 18, further comprising forming an underfill between the die and
the substrate.
[0031] A method for making a multipackage module, comprising:

making first and second semiconductor chip packages, each according to the method
recited in claim 1;

mounting first z-interconnect solder balls on ball pads on the first side of the first
package substrate;

positioning the first and second packages in relation to one another such that the first
side of each package substrate faces toward the first side of the other package substrate, and
such that the die attach region of each package substrate is aligned with the unoccup ied
region of the other package substrate;

contacting the first z-interconnect solder balls with ball pads on the first side of the
second package substrate; and

reflowing the first z-interconnect solder balls to effect electrical connection with ball
pads on the first side of the second package substrate.
[0032] The method of claim 21, further comprising forming a module encapsulation between
the packages.
[0033] The method of claim 21, further comprising mounting second z -interconnect solder
balls on the second side of the second package substrate.
[0034] A method for making a multipackage module, comprising providing first and second
packages, each as recited in claim 1;

mounting first z-interconnect solder balls on ball pads on the first side of the first

package substrate;
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stacking the first package upon the second package, with the die mount sides of the
packages facing one another and with the die attach region of each package aligned with the
unoccupied region of the other package substrate; and

reflowing the first z-interconnect solder balls to effect electrical connection with ball
pads on the first side of the second package substrate.
[0035] The method of claim 24, further comprising forming a module encapsulation between
the packages.
[0036] The method of claim 24, further comprising mounting second z -interconnect solder
balls on the second side of the second package substrate.
[0037] An electronic device, comprising a multipackage module according to claim 12,

electrically connected to underlying circuitry in the device.
BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1A is a diagrammatic sketch in a plan view showing a die mounted
asymmetrically on a substrate according to afirst embodiment of the invention.

[0039] FIGs. 1B and 1C are diagrammatic sketches in side and front elevational views
showing the die mounted asymmetrically on the substrate as in FIG. 1A.

[0040] FIG. 2A is a diagrammatic sketch in a plan view as in FIG. 1A, in which the
asymmetrically placed die has been molded according to an embodiment of the invention.
[0041] FIGs. 2B and 2C are diagrammatic sketches in side and front elevational views
showing the molded asymmetrically mounted die on the substrate as in FIG. 2A.

[0042] FIG. 3Ais a diagrammatic sketch in a plan view as in FIG. 2A, in which
z-interconnection solder balls have been mounted onto solder interconnect pads on the
substrate to complete a stackable package according to a first embodiment of the invention .
[0043] FIGs. 3B and 3C are diagrammatic sketches in side and front elevational views
showing the completed stackable package as in FIG. 3A.

[0044] FIG. 4A is a diagrammatic sketch in a plan view showing a die mounted
asymmetrically on a substrate according to a second embodiment of the invention.
[0045] FIGs. 4B and 4C are diagrammatic sketches in side and front elevational views
showing the die mounted asymmetrically on the substrate as in FIG. 4A.

[0046] FIG. 5A is a diagrammatic sketch in a plan view as in FIG. 4A, in which the
asymmetrically placed die has been molded according to the second embodiment of the
invention.

[0047] FIGs. 5B and 5C are diagrammatic sketches in side and front elevational views
showing the molded asymmetrically mounted die on the substrate as in FIG. 2A.

[0048] FIG. 6A is a diagrammatic sketch in a plan view as in FIG. 5A, in which
z-interconnection solder balls have been mounted o nto solder interconnect pads on the
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substrate to complete the stackable package according to the second embodiment of the
invention.

[0049] FIGs. 6B and 6C are diagrammatic sketches in side and front elevational views
showing the completed stackable package as in FIG. 6A.

[0050] FIGs. 7A - 9B are diagrammatic sketches in side and front elevational views showing
steps in the construction of a stacked multipackage module, having two stacked packages,
according to an embodiment of the invention .

[0051] FIGs. 8A - 12B are diagrammatic sketches in side and front elevational views showing
steps in the construction of a stacked multipackage module, having four stacked packages,

according to an embodiment of the invention.
DETAILED DESCRIPTION

[0052] The invention will now be described in further detail by reference to the drawings,
which illustrate alternative embodiments of the invention. The drawings are diagrammatic,
showing features of the invention and their relation to other features and structures, and are
not made to scale. For improved clarity of presentation, in the FIGS. illustrating embodiments
of the invention, elements corresponding to elements shown in other drawings are not all
particularly renumbered, although they are all readily identifiable in all the FIGS. Also for
clarity of presentation certain features are not shown if the FIGs., where not necessary for an
understanding of the invention. For example, the patterned metal layers at the substrate
surface are not shown, and the interconnections (wires or bumps) of the die to the substrate
are not shown.

[0053] According to one aspect of the invention, packages have the die asymmetrically
arranged on the substrate. That is, the die is attached (either affixed and wire bonded or
mounted in a flip-chip fashion) on a die attach regi on toward an edge of the substrate, leaving
an unoccupied region near the opposite edge of the substrate. In a first configuration,
interconnect solder balls are mounted on the die mount side of the substrate; and in a
complementary second configuration, s older balls are mounted on the side of the substrate
opposite the die mount side. Complementary pairs of packages are stacked, one inverted with
respect to the other, and the respective package substrates are electrically interconnected by
the solder balls on the package that has solder balls on the die mount side of its substrate.
The solder ball height is great enough to provide a standoff between the substrates to
accommodate the thickness of the die (and die attach), and the packages are oriented so that
the die on the first package is situated in the space between the package substrates over the
unoccupied region of the second package substrate.

[0054] Turning now to FIGs. 1A, 1B and 1C there is shown a die 14 mounted asymmetrically
on a die attach region 15 on a die mount surface 13 of a substrate 12 according to the
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invention. The die attach region 15 is situated toward an edge of the substrate, leaving an
unoccupied region 16 of the die mount surface 13 situated toward the opposite edge of the
substrate. The package substrate 12 is preferably a laminate substrate having at least two
patterned metal layers with dielectric layers between, that is, it includes at least a first “upper”
patterned metal layer at the die mount surface 13, and a second “lower” patte rned metal layer
at the surface (the “land” side) 11 opposite the die mount side. The various metal layers are
patterned to provide suitable trace circuitry, and vias through the dielectric layers serve for
connection between the layers. A passivation laye r over the upper and lower patterned metal
layers is patterned with openings exposing sites on the traces for electrical connection of the
die, and exposing ball pads (shown at 17 in rows or arrays, at the die mount surface) for
mounting solder balls. The die may be affixed to the die attach region using a die attach
adhesive (such as a die attach epoxy or film) with the active side of the die facing away from
the substrate, and electrically interconnected by wire bonds betwee n die pads (not shown in
the FIGs.) and bond pads on the substrate (not shown). Or, the die may be mounted onto the
substrate by flip chip attachment (not shown) with the active side of the die facing toward the
substrate and electrically interconnected with bond sites on the substrate using conductive
bumps or balls.

[0055] The die can then be molded, as shown in FIGs. 2A, 2B, and 2C. Where the die is
interconnected by wire bonding, molding may be necessary, to prevent damage to the wires
during subsequent steps. The molding 24 covers the die and wire bonds (where wire bond
interconnection is used), and is formed to have a substantially planar “upper” surface 25.
Where the die is mounted by flip-chip interconnection, a molding may not be required,
although an underfill may be desirable, to f ill the bump standoff space between the die and the
substrate and to mechanically stabilize the interconnection.

[0056] Then, as shown in FIGs. 3A, 3B, and 3C, z-interconnection solder balls 37 are
mounted on the ball pads on the die mount surface 13 of the substrate 12. Arrangements of
ball pads and solder balls other than illustrated in the Figs. can be employed; in any event
they are arranged so as not to occlude the unoccupied region 16 of the die mount surface 13
of the substrate. And they are arranged s o that they provide a stable support for the
complementary package to be inverted and mounted over the first package. The solder balls
are dimensioned such that, when the complementary packages are joined and the solder balls
reflowed, the ball height provides clearance between the adjacent substrates to accommodate
the die (and, where present, the molding). Mounting the solder balls completes the first
package 30, in which the solder balls are mounted on the die mount side of the substrate. As
may be appreciated, as the solder balls collapse during the reflow to join the two
complementary packages, the upper surface 25 of the molding 24 may contact the



m —m —m ~—= = @ @ @ @ @ @ @ @ @ o™@ @A ™@ & & & & & /& /& /s /&, M/, M/, /e o/, /e /e o/ /e e /e /e e /e e e e

-

10

15

20

25

30

35

(24) JP 2006-295183 A 2006.10.26

unoccupied region of the complementary package substrate, limiting further collapse of the
solder balls.

[0057] A complementary package 60 according to an embodiment of the invention, in which
the solder balls are mounted on the land side of the substrate, can be made as shown in FIGs.
4A - 6C.

[0058] Turning now to FIGs. 4A, 4B and 4C there is shown a die 44 mounted asymmetrically
on a die attach region 45 on a die mount surface 43 of a substrate 42 according to the
invention. The die attach region 45 is situated toward an edge of the substrate, leaving an
unoccupied region 46 of the die mount surface 43 situated toward the opposite edge of the
substrate. The package substrate 42 is preferably a laminate substrate having at least two
patterned metal layers with dielectric layers between, that is, it includes at least a first “upper”
patterned metal layer at the die mount surface 43, and a second “lower” patterned metal layer
at the surface (the “land” side) 41 opposite the die mount side. The various metal layers are
patterned to provide suitable trace circuitry, and vias through the dielectric layers serve for
connection between the layers. A passivation layer over the upper and lower patterned metal
layers is patterned with openings exposing sites on the traces for electrical connection of the
die, and exposing ball pads {shown at 47 in rows or arrays, at the die mount surface) for
mounting solder balls. The die may be affixed to the die attach region using a die attach
adhesive (such as a die attach epoxy or film), and electrically interconnected by wire bonds
between die pads (not shown in the FIG s.) and bond pads on the substrate (not shown). Or,
the die may be mounted onto and electrically interconnected with the substrate by flip chip
attachment.

[0059] The die can then be molded, as shown in FIGs. 5A, 5B, and 5C. Where the die is
interconnected by wire bonding, molding may be necessary, to prevent damage to the wires
during subsequent steps. The molding 54 covers the die and wire bonds (where wire bond
interconnection is used), and is formed to have a substantially planar “upper” surface 55.
Where the die is mounted by fli p-chip interconnection, a molding may not be required,
although an underfill may be desirable, to fill the bump standoff space between the die and the
substrate and to mechanically stabilize the interconnection.

[0060] Then, as shown in FIGs. 6A, 6B, and 6C, z-interconnection solder balls 67 are
mounted on the ball pads on the land surface 41 of the substrate 42. Arrangements of ball
pads and solder balls other than illustrated in the Figs. can be employed; in any event they are
arranged so that they provide a stable support for mounting the assembly onto a mother board,
or onto an additional assembly, or onto another support, as described below. Mounting the
solder balls completes the second package 60, in which the solder balls are mounted on the

land side of the substrate.
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[0061] Assembly of complementary packages into multipackage modules according to the
invention is shown by way of example in FIGs. 7A —9B and in FIGs. 10A — 12B.

[0062] Formation of a unit of joined complementary packages 30 and 60 is shown by way of
example in elevational views in FIGs. 7A — 8B. In FIGs. 7A (side elevation) and 7B (front
elevation) a first package 30 is shown inverted with respect to a second package 60, and
aligned so that the solder balls 37 on the die mount side of the first packa ge substrate 12 are
aligned with the ball pads (not shown in this view) on the die mount side of the second
package substrate 42, and so that the surface 25 of the mold cap on the first package 30 is
aligned with the unoccupied region 46 of the die mount side of the second substrate 42 and
the surface 55 of the mold cap on the second package 60 is aligned with the unoccupied
region 16 of the die mount side of the first package 30. The manipulation of the packages can
be done using conventional package assem bly equipment. For example, the second

package 60 can be placed on a support, and the first package can be manipulated into the
appropriate position using a pick-and-place tool. Once aligned, the complementary packages
are brought together, as suggested by the broken arrrows in the FIGs., until the solder balls
on the first package 30 contact the pads on the second package substrate 46. At this point the
complementary package pair unit is complete. The unit can be heated to remelt the solder
balls 37 and make the electrical interconnection of the package pair. The balls are shown
collapsed following remelt in the unit assembly 80 in FIGs. 8A and 8B. Then the assembly can
be encapsulated, as shown at 95 in FIGs. 9A and 9B to fill in the space between the
substrates 12 and 42 around the die 25 and 55 and the solder balls 37. This completes a
module 90 having two complementary packages. The module has an “upper” surface 91, and
the solder balls on the second package, numbered 97 in Figs. 9A and 9B, serve for electrical
interconnection of the module 90 with a device in which it is employed, such as a motherboard,
for example, in a mobile computing or communications product.

[0063] Complementary package pair units, such as unit 80 in FIGs. 8A and 8B, can be
stacked to form modules having four or more packages . FIGs. 10A — 12B illustrate for
example the construction of a module 120 by stacking two complementary package pair

units 80, 80’ one over the other. In FIGs. 10A and 10B, complementary package pair units 80,
80’, constructed for example as described with reference to FIGs. 7A — 8B, are shown aligned
so that the interconnect solder balls 67’ on package unit 80’ are aligned with the ball pads (not
shown in this view) on the land side 11 of substrate 12 of package 30 of package unit 80. The
units are brought together, as suggestd by the broken arrows, until the solder balls 67’ contact
the pads. This forms a four-package assembly. The assembly is heated to reflow the solder
balls 67’ and make electrical interconnection b etween the two units 80, 80°. The balls are
shown collapsed following remelt in the four -package assembly 110 in FIGs. 11A and 11B.

Then the assembly can be encapsulated, as shown at 125 in FIGs. 12A and 12B to fill in the
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space between the substrates aro und the die and the solder balls. This completes a module
120 having two complementary packages. The module has an “upper” surface 121, and the
solder balls on the lowermost package, numbered 127 in Figs. 11A and 11B, serve for
electrical interconnection of the module 120 with a device in which it is employed, such as a
motherboard, for example, in a mobile computing ar communications product. The solder

remelt can be performed for all the solder ball interconnections in a single remeit step.

[0064] Other embodiments are within the scope of the invention. For example, although the
respective die on the complementary packages are illustrated in the FIGs. as having about the
same dimensions, the respective die may in other embodiments have different thicknesses or
footprints, particularly where the die have different functionalities. And, for example, although
the respective substrates in the complementary packages are illustrated in the FIGs. as
having the same length and width, the respective substrates may in oth er embodiments have
different footprints. In any event, the unoccupied region of the die mount side of each
substrate must be sufficiently large, and must be configured, to accommodate the length and
width of the surface of the die or of the molding over t he die in the complementary package.
[0065] The multipackage modules can be useful in any of a variety of electronic devices, and
they can be particularly useful in products where a high device density is desirable, and where
there may be limited space within th e product to accommodate the dimensions (footprint,
thickness) of the device assemblies. Such products include, for example, portable
communications devices such as cellular telephones and personal digital assistants, laptop

computers, digital cameras, and electronic entertainment products.
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CLAIMS

What is claimed is:

1. A semiconductor chip package comprising a substrate having a die mount side and a
land side, the die mount side including a die attach region and an unoccupied region, and a
die attached in the die attach region of the die mount side of the substrate.

2. The package of claim 1 wherein the die is oriented with an active side of the die facing
away from the substrate and affixed to the die attach region with using an adhesive, and is
electrically connected by wires between die pads in the active side of the die and bond pads in

the substrate.

3. The package of claim 2 wherein a molding encloses the wires and at least the die pads

in the active side of the die.

4. The package of claim 1 wherein the die is affixed with an active side of the side facing
toward the substrate, and is electrically connected to the die attach region by flip chip
interconnection between die pads in the active side of the die and interconnect sites in the

substrate.

5. The package of claim 4, further comprising an underfill between the active side of the

die and the die attach region of the substrate.

6. The package of claim 1, further comprising z -interconnection solder balls mounted on

ball pads on the die mount side of the substrate.

7. The package of claim 1, further comprising z -interconnection solder balls mounted on

ball pads on the land side of the substrate.
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8. A complementary package pair unit, comprising :
a first semiconductor chip package, comprising
a first substrate having a die mount side and a land side, the die mount
side including a die attach region and an unoccupied region,
a first package die attached in the die attach region of the die mount
side of the first substrate, and
first z-interconnection solder balls mounted on ball pads on the die
mount side of the first substrate; and
a second semiconductor chip package , comprising
a second substrate having a die mount side and a land side, the die
mount side including a die attach region and an unoccupied region,
a second package die attached in the die attach region of the die mount
side of the first substrate;
wherein the first package is stacked on the second package, the die mount side of the
first package facing the die mount side of the second package, wherein the die attach region
of the first package is aligned with the unoccupied region of the second package, and wherein
the first z-interconnection solder balls on the first package contact ball pads on the die m ount

side of the second substrate .

9. The complementary package pair unit of claim 8 wherein the z -interconnection solder
balls are reflowed to form z-level interconnection between the ball pads on the die mount side
of the first substrate and the contact ball pads on the die mount side of the second substrate.

10. The complementary package pair unit of claim 9, further comprising second

z-interconnection solder balls mounted on ball pads on the land side of the second substrate

11. A multipackage module comprising the complementary package pair unit of claim 9

and a module encapsulation in the volume between the first and second packages.
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12. A multipackage module, comprising:
a first complementary package pair unit as recited in claim 10; and
a second complementary package pair unit, comprising:
a third semiconductor chip package, comprising
a third substrate having a die mount side and a land side, the
die mount side including a die attach region and an unoccupied region,
a third package die attached in the die attach region of the die
mount side of the first substrate, and
third z-interconnection solder balls mounted on ball pads on the
die mount side of the first substrate; and
a fourth semiconductor chip package, comprising
a fourth substrate having a die mount side and a land side, the
die mount side including a die attach region and an unoccupied region,
a fourth package die attached in the die attach region of the die
mount side of the first substrate;
wherein the third package is stacked on the fourth package, the die mount side
of the third package facing the die mount side of the fourth package, wherein the die
attach region of the third package is aligned with the unoccupied region of the fourth
package, and wherein the third z-interconnection solder balls on the third package
contact ball pads on the die mount side of the fourth substrate;
wherein the first complementary package pair unit is stacked on the second
complementary package pair unit, and wherein the second z -interconnection solder balls on

the second package contact ball pads on the land side of the third package substrate.

13. The multipackage module of claim 12, further comprising a module encapsulation in

the volume between the first and second packages.

14.  The multipackage module of claim 13, further comprising a module encapsulation in

the volume between the third and fourth packages.

15.  The multipackage module of claim 14, further comprising a module encapsulation in

the volume between the second and third packages.
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16. A method for making a semiconductor chip package, comprising

providing a package substrate having first and second sides and having a first
patterned metal layer at the first side and a second patterned metal layer at the second side,
the first side comprising a die attach region and an unoccupied region;

providing a semiconductor die having die pads on an active side thereof; and

mounting the die on the die attach region of the first side of the substrate and
electrically interconnecting the die to bond pads of the first patterned metal layer.

17. The method of claim 16 wherein mounting the die comprises affixing the die on the die
attach region with the active side of the die facing away from the substrate, and wherein
electrically connecting the die comprises forming wire bond interconnection of the die pads

with the bond pads.

18. The method of claim 16 wherein mounting and electrically interconnecting the die
comprises positioning the die on the die attach region with the active side facing toward the
substrate, and forming flip chip interconnection of the die pads with the bond pads.

19. The method of claim 17, further comprising encapsulating the die and wire bonds.

20. The method of claim 18, further comprising f orming an underfill between the die and

the substrate.

21. A method for making a multipackage module, comprising:

making first and second semiconductor chip packages, each according to the method
recited in claim 1;

mounting first z-interconnect solder balls on ball pads on the first side of the first
package substrate;

positioning the first and second packages in relation to one another such that the first
side of each package substrate faces toward the first side of the other package substrate, and
such that the die attach region of each package substrate is aligned with the unoccupied
region of the other package substrate;

contacting the first z-interconnect solder balls with ball pads on the first side of the
second package substrate; and

reflowing the first z-interconnect solder balls to effect electrical connection with ball

pads on the first side of the second package substrate .
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22. The method of claim 21, further comprising forming a module encapsulation between

the packages.

283. The method of claim 21, further comprising mounting second z -interconnect solder

balls on the second side of the second package substrate.

24. A method for making a multipackage module, comprising providing first and second
packages, each as recited in claim 1;

mounting first z-interconnect solder balls on ball pads on the first side of the first
package substrate;

stacking the first package upon the second package, with the die mount sides of the
packages facing one another and with the die attach region of each package aligned with the
unoccupied region of the other package substrate; and

reflowing the first z-interconnect solder balls to effect electrical connection with ball

pads on the first side of the second package substrate.

25. The method of claim 24, further comprising forming a module encapsulation between

the packages.

26.  The method of claim 24, further comprising mounting second z -interconnect solder
balls on the second side of the second package substrate.

27. An electronic device, comprising a multipackage module according to claim 12,
electrically connected to underlying circuitry in the device.
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ABSTRACT

MULTIPACKAGE MODULE HAVING STACKED PACKAGES
WITH ASYMMETRICALLY ARRANGED DIE AND MOLDING

Semiconductor chip packages have die asymmetrically arranged on the respective
substrates. Two such packages having complementary arrangements can be stacked, one
inverted with respect to the other, such that the two die are situated side -by-side in the space
between the two substrates. Also, multipackage modules includ e stacked packages, each
having the die asymmetrically arranged on the substrate. Adjacent stacked packages have
complementary asymmetrical arrangements of the die, and one package is inverted with
respect to the other in the s tack, such that the two die are situated side -by-side in the space
between the two substrates. Also, methods are disclosed for making the packages and for
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making the stacked package modules.
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