
MAINBOARD ASSEMBLY INCLUDING A PACKAGE OVERLYINGA DIE DIRECTLYATTACHED TO
THE MAINBOARD FIELD OF THE INVENTION The disclosed embodiments relate
generally to computing systems, and more particularly to a system-level
board assembly. BACKGROUND OF THE INVENTION A hand-held computing device -
such as, for example, a cell phone, a smart phone, a mobile internet
device, etc. - typically includes several components disposed on a
system-level circuit board. The aforementioned components may include
integrated circuit (IC) devices, passive electrical components, and various
input/output (I/O) devices, as well as any combination of these and/or
other components. Many of these components - although perhaps not all - may
be assembled onto the system-level board, which may be referred to as a
mainboard. The mainboard provides electrical paths to interconnect these
various components to form a computing system. For hand-held computing
devices, a system-level board assembly having a small form factor may be
desirable. One solution to achieve a small form factor is to use a
package-on-package (PoP) architecture, which generally includes an upper IC
package stacked over and electrically coupled with a lower IC package, each
package including one or more IC die disposed on a substrate or other die
carrier. However, a PoP component may increase the overall height (or
thickness) of the assembly. Further, the relatively lower layer count
commonly found in the lower substrate of a PoP component (e.g., 2-4 layers,
as compared to the mainboard, which may have 6 or more layers) can limit
routing flexibility between the upper and lower packages. Conversely, to
mount these two packages side-by-side on the mainboard will increase the
surface area of the assembly. BRIEF DESCRIPTION OF THE DRAWINGS FIG. IA is
a schematic diagram illustrating an elevation view of an embodiment of an
assembly including a mainboard having a package overlying an IC die
directly attached to the mainboard. FIG. IB is a schematic diagram
illustrating an elevation view of another 



embodiment of an assembly including a mainboard having a package overlying
an IC die directly attached to the mainboard.FIG. 1C is a schematic diagram
illustrating an elevation view of a further embodiment of an assembly
including a mainboard having a package overlying an IC die directly
attached to the mainboard. FIG. 2 is a block diagram illustrating an
embodiment of a method of making a mainboard assembly including a mainboard
having a package overlying an IC die directly attached to the mainboard.
FIGS. 3A-3E are schematic diagrams illustrating embodiments of the method
of making a mainboard assembly shown in FIG. 2. DETAILED DESCRIPTION OF THE
INVENTION Disclosed are embodiments of a system-level assembly including an
integrated circuit (IC) die directly attached to a mainboard and a package
overlying at least a portion of the IC die. An IC die directly coupled with
a mainboard or other circuit board may be referred to as a direct-chip
attach (DCA) die. The package is also attached to the mainboard, and this
package may include one or more other IC die disposed on a substrate or
other die carrier. The mainboard provides electrical communication between
the DCA die and the overlying package, as well as electrical communication
between the DCA die and one or more other components disposed on the
mainboard. The mainboard may also provide electrical communication between
the package and one or more of the other components disposed on the
mainboard. By way of example, the DCA die may include a processing system,
and the package may include one or more memory devices. Also disclosed are
embodiments of a method of making the aforementioned mainboard assembly.
Turning now to FIG. IA, illustrated is an embodiment of an assembly 100.
The assembly 100 includes a number of components disposed on a mainboard
110. Mainboard 110 includes a first side 112 and an opposing second side
114, and various components may be disposed on either one or both of the
first and second sides 112, 114. The mainboard also includes a number of
electrical paths (e.g., conductive traces, conductive vias, plated
thru-holes, etc.) which interconnect one or more of the components disposed
on the mainboard 110 to form a computing system. The mainboard assembly 



100 may comprise any type of computing system, such as a hand-held
computing device (e.g., a cell phone, a smart phone, a mobile internet
device, etc.) or a mobile computing device (e.g., a lap-top, a net-top
computer, etc.). However, the disclosed embodiments are not limited to
hand-held and other mobile computing devices, and these embodiments mayfind
application in other types of computing systems, such as desk-top computers
and servers. Mainboard 110 may comprise any suitable type of circuit board
or other substrate capable of providing electrical communication between
one or more of the various components disposed on the board. In one
embodiment, for example, the mainboard 110 comprises a printed circuit
board (PCB) comprising multiple metal layers separated from one another by
a layer of dielectric material and interconnected by electrically
conductive vias. Any one or more of the metal layers may be formed in a
desired circuit pattern to route - perhaps in conjunction with other metal
layers - electrical signals between the components coupled with the board
110. However, it should be understood that the disclosed embodiments are
not limited to the above-described PCB and, further, that mainboard 110 may
comprise any other suitable substrate. Disposed directly on the first side
112 of mainboard 110 is an IC die 120. The IC die 120 may comprise any type
of integrated circuit device. In one embodiment, the IC die 120 includes a
processing system (either single core or multi-core). For example, the IC
die may comprise a microprocessor, a graphic processor, a signal processor,
a network processor, a chipset, etc. However, it should be understood that
the disclosed embodiments are not limited to any particular type or class
of IC devices. The IC die 120 is electrically coupled to the mainboard 110
by a number of interconnects 125. Interconnects 125 may comprise any type
of structure and materials capable of providing electrical communication
between the die 120 and mainboard 110. In addition, the interconnects 125
may directly attach the IC die 120 to the mainboard 110, either alone or in
conjunction with other structures or features that couple the die and
board. In one embodiment, the interconnects 125 electrically coupled the
die 120 to board 110 and also aid in mechanically securing the die to the
mainboard. However, in other embodiments, the interconnects 125 may provide
a minimal contribution to the mechanical attachment of die 120 to mainboard
110. In a further embodiment, a layer of 



underfill material may also aid in mechanically securing the die 120 to
mainboard 110, as will be described below. As previously noted, an IC die
directly coupled to a circuit board in the aforementioned configuration may
be referred to as a direct-chip attach (DCA) die. As noted above, the
interconnects 125 may comprise any suitable type of interconnect and may
comprise any suitable electrically conductive materials. According to one
embodiment, the interconnects 125 comprise an array of solder bumps
extendingbetween the die 120 and mainboard 110 (perhaps in combination with
an array of copper columns and/or copper pads disposed on the die 120
and/or board 110), and a solder reflow process may be utilized to form the
interconnects 125. Of course, it should be understood that many other types
of interconnects and materials are possible (e.g., wirebonds extending
between the die 120 and mainboard 110). Also disposed on the mainboard 110
is a package 150a. Package 150a overlies at least a portion of the DCA die
120. In one embodiment, the periphery of DCA die 120 lies entirely within a
periphery of the package 150a, and in a further embodiment DCA die 120 and
package 150a are oriented concentric to one another (as shown in FIG. IA).
The package 150a includes a substrate 160a having a first side 162a and an
opposing second side 164a. In addition, the package 150a includes at least
one IC die 170a disposed on the substrate's first side 162a (or perhaps the
opposing second die 162b, as will be described below). Also, it should be
noted that, in some embodiments, other components may be disposed on the
package 150a. Other components that may be disposed on package 150a
include, for example, a voltage regulator and passive electrical devices,
such as capacitors, filters, inductors, etc. The IC die 170a may comprise
any type of integrated circuit device. According to one embodiment, the IC
die 170a comprises a memory. For example, the IC die 170a may comprise any
type of dynamic random access memory (DRAM), any type of static random
access memory (SRAM), or any type of flash memory. In yet another
embodiment, the package 150a may comprise a solid state drive (SSD), which
may have several IC die including a memory controller and one or more
memory die (although in other embodiments the package 150a may not include
a memory controller). As the reader will appreciate, however, IC die 170a
may comprise any other type or class of IC device. The IC die 170a is
electrically coupled to the substrate 160a by a number of 



interconnects 175a . The interconnects 175a provide electrical connections
between the die 170a and substrate 160a, and these interconnects may also
aid in mechanically securing the die to this substrate. To aid in securing
the die 170a to substrate 160a, a layer of underfill (not shown in figures)
may be disposed between the die 170a and substrate 160a. The interconnects
175a may comprise any suitable type of interconnect and may comprise any
suitable electrically conductive materials. According to one embodiment,
the interconnects 175a comprise an array of solder bumps extending between
the die 170a and the substrate 160a (perhaps in combination with an array
of copper columns and/or copperpads disposed on the die 170a and/or
substrate 160a), and a solder reflow process may be utilized to form the
interconnects 175a . Of course, it should be understood that many other
types of interconnects and materials are possible (e.g., wirebonds
extending between the die 170a and substrate 160a). Substrate 160a -
sometimes referred to as a "package substrate" - may comprise any suitable
type of substrate capable of providing electrical communications between
the IC die 170a and the underlying mainboard 110. The substrate 160a may
also provide structural support for the die 170a. By way of example, in one
embodiment, substrate 160a comprises a multi-layer substrate - including
alternating layers of a dielectric material and metal - built-up around a
core layer (either a dielectric or metal core). In another embodiment, the
substrate 160a comprises a core-less multi-layer substrate. Other types of
substrates and substrate materials may also find use with the disclosed
embodiments (e.g., ceramics, sapphire, glass, etc.). Further, according to
one embodiment, the substrate 160a may comprise alternating layers of
dielectric material and metal that are built-up around the die 170a itself,
this process sometimes referred to as a "bumpless build-up process." Where
such an approach is utilized, the interconnects 175a may not be needed (as
the build-up layers may be disposed directly over the die 170a). The
substrate 160a - and hence package 150a - is electrically coupled to the
mainboard 110 by a number of interconnects 165a . The interconnects 165a
provide electrical connections between the package 150a and mainboard 110,
and these interconnects may also aid in mechanically securing the package
150a to this board. In another embodiment, as will be described below, a
layer of underfill material may assist in mechanically securing the package
150a to the mainboard 110. The interconnects 165a 



may comprise any suitable type of interconnect and may comprise any
suitable electrically conductive materials. According to one embodiment,
the interconnects 165a comprise an array of solder bumps extending between
the substrate 160a and the mainboard 110 (perhaps in combination with an
array of copper columns and/or copper pads disposed on the substrate 160a
and/or board 110), and a solder reflow process may be utilized to form the
interconnects 165a . In one embodiment, the height of reflowed
interconnects 165a is such that a gap 180a exists between the DCA die 120
and the lower surface 164a of package 150a. According to other embodiments,
the height of reflowed interconnects 165a is such that at least portions of
die 120 contact the lower surface 164a.In addition to DCA die 120 and
package 150a, one or more additional components may be disposed on either
one or both sides 112, 114 of the mainboard 110. By way of example, as
shown in the figures, components 130a, 130b, 130c may be disposed on the
first side 112 of the mainboard 110, and components 140a, 140b may be
disposed on the mainboard's opposing side 114. A number of electrical
terminals (not shown in figures), such as, for example, metal pads or
lands, may be disposed on the first and second sides 112, 114 of the
mainboard to form electrical connections with these additional components.
Additional components that may be disposed on the mainboard 110 include
other IC devices (e.g., processing devices, memory devices, signal
processing devices, wireless communication devices, etc.), power delivery
components (e.g., a voltage regulator, a power supply such as a battery,
and/or passive devices such as a capacitor), and one or more I/O devices
(e.g., an antenna, a microphone, a keypad or other data entry device such
as a touch screen display, and/or a graphics display, etc.), as well as any
combination of these and/or other devices. As noted above, the mainboard
110 provides electrical pathways interconnecting the components 120,
130a-c, 140a-b, 150a disposed on this board to form a computing system. In
one embodiment, the mainboard 110 provides at least one electrical path
electrically coupling the DCA die 120 with the package 150a. In another
embodiment, the mainboard 110 provides at least one electrical path
electrically coupling the DCA die 120 with another component disposed on
the mainboard (e.g., any one of components 130a-c, 140a-b). In a further
embodiment, the mainboard 110 provides at least one electrical path
electrically coupling the package 150a with another of the 



components disposed on the mainboard. For example, the mainboard 110 may
include an electrical path 190a coupling the DCA die 120 and package 150a,
an electrical path 190b coupling the DCA die 120 to component 130a, an
electrical path 190c coupling package 150a to component 130c, and an
electrical path 19Od coupling IC package 150a to component 140b disposed on
the mainboard's opposing side 114. The electrical paths 190a-d may comprise
any suitable conductive structures (e.g., any combination of traces, vias,
plated thru-holes, etc.) fabricated from any suitable conductive material
(e.g., copper). The illustrated electrical paths 190a-d are presented as
examples to aid in understanding the disclosed embodiments; however, it
should be understood that, in practice, the mainboard may include several
additional electrical paths (perhaps hundredsor even thousands of these
paths) to interconnect one or more of the various components disposed on
the mainboard. In another embodiment, a radiation shield (not shown in
figures) may be disposed on the mainboard 110 and extend over the DCA die
120 and package 150a (or 150b or 150c). The DCA die 120 and/or package 150a
may generate electromagnetic radiation, and the radiation shield may
suppress the escape of this electromagnetic radiation in order to prevent
electromagnetic interference with sensitive electrical components in
proximity to the die 120 and package 150a. The radiation shield may
comprise any suitable electrically conductive material (e.g., electrically
conductive metals, such as nickel, silver, aluminum, copper, and alloys of
these and/or other metals), and this shield may have any suitable shape and
configuration. In one embodiment, the radiation shield is electrically
coupled and grounded to the mainboard 110. Also, in other embodiments, the
radiation shield may also assist in removing heat from the package 150a
and/or DCA die 120. In another embodiment, other thermal solutions may be
disposed on the mainboard 110 (e.g., a heat spreader, a heat sink, etc.),
either alone or in combination with a radiation shield. It should be
emphasized that the disclosed embodiments are not limited to the
configuration shown in FIG. IA and, further, that other types of packages
may be disposed over the DCA die 120. Additional embodiments are
illustrated in each of FIGS. IB and 1C, which are described below.
Reference numerals used to identify certain features of the assembly 100
shown in FIG. IA are retained in each of FIGS. IB and 1C for like 



elements of these assemblies. Further, descriptions of like elements
previously described in the discussion of FIG. IA may not be repeated in
the text below. Referring first to FIG. IB, illustrated is another
embodiment of the assembly 100. The embodiment of FIG. IB is similar to
that of FIG. IA, but the assembly of FIG. IB includes a package 150b
disposed in a die-down configuration. More specifically, the package 150b
comprises a substrate 160b having a first side 162b and an opposing second
side 164b. The package 150b is electrically coupled to the mainboard by a
number of interconnects 165b. An IC die 170b is disposed on the substrate's
second side 164b and electrically coupled to the substrate 160b by a number
of interconnects 165b. The IC die 170b faces the DCA die 120. In one
embodiment, a gap 180b exists between the IC die 170b and DCA die 120,
although in other embodiments portions of the IC die 170b may contact the
underlying DCA die 120. Also, in a further embodiment, as will be
describedbelow, a layer of underfill (not shown in FIG. IB) may be disposed
between the substrate 160b and mainboard 110, and this underfill layer may
also be present in the space between the DCA die 120 and mainboard 110, the
gap 180b between the die 170b and die 120, and/or the space between the die
170b and substrate 160b. Also, in yet another embodiment, in addition to IC
die 170b, one or more additional IC die may be disposed on the opposing
side 162b of substrate 160b. Referring next to FIG. 1C, illustrated is a
further embodiment of the assembly 100. The embodiment of FIG. 1C is
similar to that of FIG. IA, but the assembly of FIG. 1C includes a package
150c having a die stack disposed thereon. More specifically, the package
150c comprises a substrate 160c having a first side 162c and an opposing
second side 164c. The package 150c is electrically coupled to the mainboard
110 by a number of interconnects 165c. A number of die 170c arranged in a
stacked configuration are disposed on the substrate 160c. The die 170c may
be attached to substrate 160c and to one another by adhesive layers 178c.
In another embodiment, a spacer may be disposed between any two adjacent
die 170c. A number of interconnects 175c - in this example, wirebonds - may
electrically couple each of the die 170c to substrate 160c and/or to one
another. In one embodiment, all of the die 170c comprise the same type of
integrated circuit, whereas in other embodiments, any one of the die 170c
may be different from another of the die. In one embodiment, each of the IC
die 170c comprises a memory 



device. In another embodiment, at least one of the die 170c comprises a
memory controller and the other of die 170c in the stack comprise memory
devices. In one embodiment, the package 150c comprises a solid state drive
(SSD). According to one embodiment, a gap 180c exists between the substrate
160c and DCA die 120, although in other embodiments portions of the die 120
may contact the overlying substrate 160c. Also, in a further embodiment, as
will be described below, a layer of underfill (not shown in FIG. 1C) may be
disposed between the substrate 160c and mainboard 110, and this underfill
layer may also be present in the space between the DCA die 120 and
mainboard 110 and/or the gap 180c between the DCA die 120 and substrate
160c. Turning now to FIG. 2, illustrated are embodiments of a method of
making a mainboard assembly, such as, for example, any of the embodiments
of the assembly 100 shown in FIGS. 1A-1C. Various embodiments of the method
of FIG. 2 are further illustrated in FIGS. 3A through 3E, and reference
should be made to these figures as called out in the text below. Also, it
should be noted that reference numerals used to identifycertain features of
the assembly 100 shown in FIG. IA are retained in each of FIGS. 3A- 3E for
like elements, and descriptions of these like elements may not be repeated
in the text below. Referring first to block 210 in FIG. 2, a die is
directly attached to a mainboard. This is illustrated in FIG. 3A, where IC
die 120 has been directly attached to mainboard 110 by a number of
interconnects 125. A reflow operation may be performed to create
interconnects 125 between the DCA die 120 and the mainboard 110. According
to other embodiments, however, a reflow operation may not be performed
immediately following placement of the die 120 on mainboard 110. In another
embodiment, as set forth in block 205 and as shown in FIG. 3A, one or more
other components may be secured to the mainboard 110 (e.g., components
140a, 140b disposed on the mainboard's opposing side 114) prior to
attachment of the DCA die 120. However, in other embodiments, no components
are attached to the mainboard prior to DCA die 120. As set forth in block
220, a package is attached to the mainboard, and this package is disposed
over at least part of the previously attached DCA die. This is illustrated
in FIGS. 3B and 3C, where package 150a has been disposed over DCA die 120
and coupled with the mainboard by interconnects 165a . A side-elevation
view is shown in 



FIG. 3B, whereas a plan view is shown in FIG. 3C. As best seen in FIG. 3C,
in the illustrated embodiment, the package 150a and DCA die 120 are
generally concentric to one another, and die 120 and interconnects 125 lie
within the pattern of interconnects 165a . In another embodiment, a set
forth in block 225, additional components may be disposed on the mainboard
110 along with the package 150a. This is illustrated in FIG. 3B, where
components 130a- 130c have also been disposed on the mainboard 110 (for
clarity and ease of illustration the components 130a-c have been omitted
from FIG. 3C). In one embodiment, a reflow operation is performed to
complete formation of interconnects 165a that extend between package 150a
and mainboard 110 and to couple the components 130a-c to mainboard 110. In
another embodiment, a single reflow operation may be performed to create
interconnects 125 and interconnects 165a, and in yet another embodiment
this single reflow operation may also attach components 130a-c to mainboard
110. However, in other embodiments, a reflow operation may be performed to
create only interconnects 165a (and a prior reflow operation performed to
create interconnects 125).Referring to block 230, an underfill material may
be disposed on the mainboard. This is illustrated in FIG. 3D, where
material has been disposed between the package 150a and mainboard 110 to
form an underfill layer 105, this underfill layer 105 also filling the
space 180a between the DCA die 120 and substrate 160a, as well as the space
between the DCA die 120 and mainboard 110. The underfill material 105 may
comprise any suitable material, such as liquid or pre-applied epoxy
compounds. Further, this underfill material may be applied using any
suitable technique (e.g., capillary flow, jet dispense, a preformed sheet,
etc.). In one embodiment, after application of the underfill layer 105, a
heating process is performed to cure the underfill layer. In yet another
embodiment, the underfill layer is cured during a reflow operation (e.g.,
the reflow operation to form interconnects 165a). In a further embodiment,
underfill material may be applied in two steps. For example, an underfill
layer may be applied under the DCA die 120 in one step, and an underfill
layer may be applied under package 150a in a second step. In another
embodiment, as set forth in block 240, one or more additional processes may
be performed after underfill (and/or after attachment of the package). For 



example, additional components (e.g., components 130a-c and/or components
140a-b) may be secured to and electrically coupled with the mainboard 110.
Again, as noted above, one or more of these components may be secured to
the mainboard at an earlier stage of assembly. According to one embodiment,
electrical interconnects formed to couple any one or more of these
additional components 130a-c, 140a-b are reflowed in the same reflow
operation used to form the interconnects 125 and/or the interconnects 165a
. Other additional processes that may be performed include mechanical
attachment of components (e.g., attachment by rivets, clips, screws, and
other fasteners, etc.), as well as testing. The above-described embodiments
may exhibit several noteworthy features. For example, the overall height or
thickness H (see FIG. IA) of the assembly 100 may be relatively small
(e.g., the thickness H may be approximately 1.6 mm whereas the
corresponding thickness of a standard PoP assembly may be approximately 2.7
mm). By way of further example, the mainboard 110 may have a relatively
greater number of metal layers (e.g., 6 or more), which can provide
increased routing flexibility between the DCA die 120 and package 150a
(and/or other components disposed on the mainboard 110).Also, application
of the disclosed embodiments should not result in any increase in the
overall size or footprint of the mainboard assembly. The foregoing detailed
description and accompanying drawings are only illustrative and not
restrictive. They have been provided primarily for a clear and
comprehensive understanding of the disclosed embodiments and no unnecessary
limitations are to be understood therefrom. Numerous additions, deletions,
and modifications to the embodiments described herein, as well as
alternative arrangements, may be devised by those skilled in the art
without departing from the spirit of the disclosed embodiments and the
scope of the appended claims.CLAIMS What is claimed is: 1. A computing
system comprising: a mainboard; an integrated circuit die directly attached
(DCA die) to the mainboard; a package attached to the mainboard and
overlying at least a portion of the DCA die; and at least one other
component disposed on the mainboard; 



wherein the mainboard includes at least one electrical path coupling the
DCA die to the package and at least one other electrical path coupling the
DCA die to said at least one other component. 2. The computing system of
claim 1, wherein the package comprises: a substrate; and a first integrated
circuit (IC) die disposed on the substrate. 3. The computing system of
claim 2, further comprising a second IC die disposed on the substrate and
stacked over the first IC die. 4. The computing system of claim 3, wherein
each of the first IC die and the second IC die comprises a memory. 5. The
computing system of claim 4, wherein the package comprises a solid state
drive (SSD). 6. The computing system of claim 5, wherein the SSD includes a
memory controller. 7. The computing system of claim 2, wherein the first IC
die faces the DCA die. 8. The computing system of claim 1, wherein the DCA
die comprises a processing system, the package includes at least one memory
die, and the at least one other component comprises a wireless
communications device. 9. The computing system of claim 8, further
comprising: a graphics display disposed on the mainboard, the mainboard
including an electrical path coupling the graphics display to at least one
of the DCA die and the package; and a power supply disposed on the
mainboard, the mainboard electrically coupling the DCA die and the package
to the power supply. 10. The computing system of claim 8, further
comprising a data entry device disposed on the mainboard.11. The computing
system of claim 1, further comprising an underfill material disposed
between the package and the mainboard. 12. A method comprising: directly
attaching an integrated circuit die (DCA die) to a mainboard; placing a
package at a location overlying at least a portion of the DCA die and
attaching 



the package to the mainboard; providing an electrical path through the
mainboard between the DCA die and the package; and providing an electrical
path through the mainboard between the DCA die and a terminal disposed on
the mainboard, the terminal to couple with another component. 13. The
method of claim 12 further comprising electrically coupling a component to
the terminal. 14. The method of claim 13, further comprising performing a
reflow operation to attach the package to the mainboard, wherein the
component is electrically coupled to the terminal during the reflow
operation. 15. The method of claim 12, further comprising dispensing an
underfill material in a space between the DCA die and mainboard and in a
space between the package and the mainboard. 16. The method of claim 15,
wherein the underfill material occupies a space between the DCA die and the
package. 17. The method of claim 12, further comprising performing a single
reflow operation to attach the DCA die to the mainboard and to attach the
package to the mainboard. 


