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(57) Abstract: An electronic package, such as an integrated circuit package, includes a cavity (410, Figures 4) on the back side of
the package, which is the same side on which connectors (408, Figures 4) to a next level of interconnect are located. Within the
cavity are contacts (412, Figures 4), which enable one or more discrete capacitors (402, Figures 4) to be electrically connected to the
package. The package provides a very low vertical inductance path between the capacitors and an integrated circuit mounted on the

front side of the package.
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Electronic Package With Back Side, Cavity Mounted Capacitors and Method of

Fabrication Therefor

Technical Field of the Invention

The present invention relates generally to apparatus for providing capacitance to an
electronic circuit, and more particularly to an integrated circuit package that includes

discrete capacitors and methods of fabrication therefor.

Background of the Invention

Electronic circuits, and particularly computer and instrumentation circuits, have in
recent years become increasingly powerful and fast. As circuit frequencies continue to
escalate, with their associated high frequency transients, noise in the power and ground
lines increasingly becomes a problem. This noise can arise due to inductive and capacitive
parasitics, for example, as is well known. To reduce such noise, capacitors known as
bypassing capacitors are often used to provide a stable signal or stable supply of power to
the circuitry. Capacitors can also be used to suppress unwanted radiation, to dampen
voltage overshoot when an electronic device (e.g., a processor) is powered down, and to
dampen voltage droop when the device powers up. Typically, multiple bypassing
capacitors are used to provide the desired capacitance.

Bypassing capacitors are generally placed as close as practical to a die load or “hot
spot” in order to increase the capacitors’ effectiveness. Often, the bypassing capacitors are
surface mounted to the die side or land side of the package upon which the die is mounted
or embedded within the package itself. Figure 1 illustrates a cross-section of an integrated
circuit package 102 having land side capacitors 104 (“LSC”), and embedded chip
capacitors 106 (“ECC”), in accordance with the prior art. LSCs 104 are mounted on the
opposite side of the package 102 as the die 108, and ECCs 106 are embedded within the
package 102.

The capacitors’ terminals (not shown) are connected to integrated circuit loads
through electrically conductive vias and patterned planes within package 102, thus
enabling the capacitors 104, 106 to provide bypassing capacitance to the integrated circuit

108. Connection of the capacitors to the load through the vias and planes results in some
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“yertical” inductance, also referred to as “loop” inductance, in the supply and return via
loop between each capacitor and the integrated circuit load.

Figure 2 illustrates an electrical circuit that simulates the electrical characteristics
of the capacitors illustrated in Figure 1. For simplicity, no parasitic resistances of the
capacitors or lateral inductances between capacitors are shown in Figure 2. The circuit
shows a die load 202, which may require bypassing capacitance in order to function
properly. Some of the bypassing capacitance can be supplied by capacitance, modeled by
capacitor 204, located on the die. Other capacitance, however, must be provided off chip,
as modeled by off-chip capacitors 206, 208. The off-chip capacitors 206, 208 could be,
for example, LSCs 104 and/or ECCs 106, as illustrated in Figure 1.

As described previously, vertical loop inductance, partially modeled by inductor
210, exists between capacitors 206, 208 and die load 202. For simplicity, a vertical loop
inductance component for each capacitor is not shown. Because vertical inductances tend
to slow the response time of off-chip capacitors 206, 208, it is desirable to minimize the
magnitude of this inductance. Vertical loop inductance can be reduced by placing the off-
chip capacitors as electrically close as possible to the die load, such as by using ECCs 106,
which typically can be placed closer to the load than surface mounted capacitors.

One disadvantage to using ECCs, however, is that once they are embedded within
the package, they are not removable. This can result in lower manufacturing yields,
because an entire assembly (i.e., package, integrated circuit, and capacitors) may be
rejected if the ECCs are faulty or fail to provide the amount of needed capacitance. In
addition, because the ECCs are encapsulated, they tend to retain more heat than surface
fﬁounted capacitors, which degrades the amount of charge that the ECCs can hold.

A disadvantage to LSCs is that they cannot be used in conjunction with surface
mounted components. Surface mounted components (e.g., CPUs and chipsets) typically
have pads, rather than pins, on the bottom side of the component. The pads are connected
directly to corresponding pads on a lower level of interconnect (e.g., 2 printed circuit
board). Because of the direct connection, there is no room for 1L.SCs, which would
interfere with the ability to surface mount the components. Accordingly, surface mounted
components typically must resort to using capacitance solutions (e.g., die side capacitors)
with higher inductance characteristics.

Accordingly, there is a need in the art for alternative capacitance solutions, which

can provide sufficient capacitance with minimal vertical inductance in the design and
2
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fabrication of integrated circuit packages. In addition, what is needed is a low-inductance
capacitance solution that enables discrete capacitors to be removed and replaced, if
necessary. Further needed is a capacitance solution in which discrete capacitors are less
susceptible than ECCs to performance degradation from heat produced by the capacitors.
Further needed is a capacitance solution that has low inductance characteristics and can be

used in conjunction with surface mounted components.

Brief Description of the Drawing

- Figure 1 illustrates a cross-sectional, side view of an integrated circuit package
having land side and embedded chip capacitors, in accordance with the prior art;

Figure 2 illustrates an electrical circuit that simulates the electrical characteristics
of the capacitors illustrated in Figure 1;

Figure 3 illustrates a cross-sectional, side view of an integrated circuit package
having back side capacitors, in accordance with one embodiment of the present invention;

Figure 4 illustrates a cross-sectional, side view of an integrated circuit package
having back side capacitors, in accordance with another embodiment of the present
invention;

Figure 5 illustrates a bottom view of an integrated circuit package having back side
capacitors, in accordance with one embodiment of the present invention;

Figure 6 illustrates a flowchart of a method for manufacturing an integrated circuit
package having back side capacitors, in accordance with one embodiment of the present
invention,

Figure 7 illustrates an integrated circuit package, socket, and printed circuit board,
in accordance with one embodiment of the present invention; and

Figure 8 illustrates an electronic system, in accordance with one embodiment of

the present invention.

Detailed Description of the Invention

Various embodiments of the present invention provide off-chip capacitance at low
vertical inductance levels for bypassing, voltage dampening, and supplying charge. In
addition, the capacitors of the various embodiments are removable, and retain less heat

than ECCs. In various embodiments, this is accomplished by mounting discrete capacitors
3
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within a cavity formed on the land-side of a package. To distinguish these cavity mounted
capacitors from LSCs, the capacitors used in conjunction with the various embodiments
are referred to herein as “back side capacitors” or “BSCs.” The term “back side” is meant
to indicate the side of a package on which connectors to a next level of interconnect (€.g.,
a socket, interposer or PC board) are present. This is distinguishable from the “front side,”
which is meant to indicate the side of a package on which an integrated circuit chip is
mounted.

Although the description of the various embodiments refers primarily to using
discrete capacitors in conjunction with an integrated circuit package, the various
embodiments also could be used in conjunction with other types of packages, interposers,
printed circuit (PC) boards or other electronic circuit housings. In other words, the various
embodiments could be used in conjunction with various types of electronic assemblies, |
and is not meant to be limited to use with integrated circuit packages. In addition, the
various embodiments could be used with a number of different types of packages and
packaging technologies. For example, the various embodiments could be used with
organic or ceramic packages, and the packaging technologies with which the embodiments
could be used include but are not limited to, land grid array (e.g., organic LGA), pin grid
array (e.g., plastic PGA or flip chip PGA), ball grid array (e.g., puBGA, tape BGA, plastic
BGA, flip chip BGA or flip chip tape BGA), and beam lead.

Figure 3 illustrates a cross-sectional, side view of an integrated circuit package
having BSCs 302, in accordance with one embodiment of the present invention. The
package includes a core layer 304 and a set of package layers 306 formed above the top
surface of the core layer 304. ‘

Core layer 304 is formed from a rigid substrate material. In an organic package, |
the substrate material could be a standard PC board material. In an inorganic package, the
substrate material could be a layer of ceramic, for example. In one embodiment, the
thickness of core layer 304 is in a range of about 500-1000 microns, although core layer
304 could be thicker or thinner, in other embodiments.

Conductive structures (not shown) within core layer 304 provide electrical
connections between conductive structures within the set of package layers 306 and
connectors 308 on the bottom surface of the package. These conductive structures could

include, for example, vias, trenches or other vertical connections. Connectors 308 could
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be conductive pins, as illustrated or they could be conductive pads. Connectors 308
enable the package to be attached to a socket, interposer or PC board.

The set of package layers 306 includes one or more layers of patterned conductive
material 318 separated by one or more layers of dielectric material 320. The dielectric
layers 320 could be formed from organic or inorganic materials. Conductive layers 318
could be formed from copper, although other conductive materials could be used in other
embodiments. In one embodiment, the thickness of conductive layers 318 is in a range of
about 10-20 microns, and the thickness of dielectric layers 320 is in a range of about 25-35
microns, although layers 318, 320 could be thicker or thinner, in other embodiments.
Conductive layers 318 are electrically interconnected through conductive structures (not
shown), which could include vias, trenches or other vertical connections.

In one embodiment, a conductive layer 305 is formed on the top surface of core
layer 304, and thus exists between core layer 304 and package layers 306. For descriptive
purposes, this layer will be referred to herein as the “first front side conductive layer.”

A set of conductive pads 316 are formed on the top surface of the set of package
layers 306. In one embodiment, an integrated circuit chip 314 is attached to these pads
316. Accordingly, pads 316 provide electrical connections between the integrated circuit
314 and conductive structures (e.g., planes, vias, etc.) within the set of package layers 306.

A cavity 310 is formed through a center region of core layer 304, extending
through the bottom and top surfaces of core layer 304. The center region is a region of the
core layer 304 that is substantially underneath an integrated circuit 314 attached to the
front side of the package. For packages where connectors 308 exist around the periphery
of the bottom of the package (see Figure 5, for example), the center region is the region of
the package within but not intersecting the area that the connectors occupy. In one
embodiment, cavity 310 does not extend into the set of package layers 306, although
cavity 310 could extend through one or more of these layers, in alternate embodiments. In
one embodiment, the depth of cavity 310 is such that when discrete capacitors 302 are
mounted within cavity, the discrete capacitors are fully contained within cavity 310 and do
not extend outside cavity 310 (i.e., the depth of cavity 310 is greater than or equal to the
height of discrete capacitor 302). In an alternate embodiment, a portion of the discrete
capacitors 302 could extend outside cavity 310.

Conductive contacts or pads 312 are formed within cavity 310. These pads 312 are

formed on the upper boundary of cavity 310, which in one embodiment, is the bottom
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surface of the set of package layers 306. The pads 312 represent portions of the first front
side conductive layer 305, having been selectively retained in an etching process, in one
embodiment. In another embodiment, the pads 312 could be selectively applied to the
upper boundary of cavity 310. In still other embodiments, where the cavity 310 extends
through one or more of the package layers 306, the pads 312 would be formed on the
bottom of the lowest package layer 306 through which the cavity 310 does not extend.

One or more discrete, BSCs 302 are attached to these pads 312. Accordingly, pads
312 provide electrical connections between the BSCs 302 and conductive structures within
the set of package layers 306. Ultimately, these conductive structures enable capacitance
to be supplied to integrated circuit 314 mounted on the package.

Figure 4 illustrates a cross-sectional, side view of an integrated circuit package
having BSCs 402, in accordance with another embodiment of the present invention. The
embodiment illustrated in Figure 4 is similar to the embodiment illustrated in Figure 3,
except that in the embodiment illustrated in Figure 4, the package includes a second set of
package layers 430 formed below the bottom surface of the core layer 404. For purposes
of description, second set of package layers 430 will be referred to herein as “back side
layers,” and the first set of package layers 406 will be referred to herein as “front side
layers.”

The second set of package layers 430 includes one or more layers of patterned
conductive material 432 separated by one or more layers of dielectric material 434.
Materials and dimensions relating to the package layers were described previously in
gonjunction with the first set of package layers 306 (Figure 3), and these materials and
dimensions apply as well to the second set of package layers 430.

Conductive layers 432 are electrically interconnected together, to core layer 404,
and to bottom connectors 408 through conductive structures (not shown), which could
include vias, trenches or other vertical connections. Bottom connectors 408 could be
conductive pins or pads, in various embodiments.

In one embodiment, a first front side conductive layer 405 is formed on the top
surface of core layer 404, and thus exists between core layer 404 and the first set of
package layers 406. In addition, in one embodiment, a conductive layer 428 is formed on
the bottom surface of core layer 404, and thus exists between core layer 404 and the
second set of package layers 430. For descriptive purposes, this layer will be referred to

herein as the “first back side conductive layer.”
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Cavity 410 is formed through a center region of core layer 404 and back side layers
430, extending through the bottom and top surfaces of core layer 404 and layers 430. In
one embodiment, cavity 410 does not extend into front side layers 406, although cavity
410 could extend through one or more of these layers, in alternate embodiments.

For ease of illustration, Figures 3 and 4 do not completely illustrate all of the
various conducting and non-conducting layers that a package may have. Layers above
and/or below layers 306, 406, 430 may also exist. In addition, although only three discrete
capacitors 302, 402 are shown, more or fewer capacitors can be attached within cavities
310, 410. Also, more or fewer pads 312, 316 and/or connectors 308, 408 could be used in
other package configurations.

Figure 5 illustrates a bottom view of an integrated circuit package 500 having
BSCs 502, in accordance with one embodiment of the present invention. As described
above, capacitors 502 are attached to package 500 within a cavity 510 formed through a
center region of the bottom of package 500.

In the illustrated configuration, bottom connectors 508 are located around the
periphery of cavity 510, enabling the package 500 to be attached to a socket, interposer or
PC board. As described previously, connectors 508 could be pins or pads, depending on
the packaging technology used.

For ease of illustration, only nine discrete capacitors 502 are shown in Figure 5. In
alternate embodiments, more or fewer capacitors can be attached within cavity 510. Also,
more or fewer connectors 508 could be used in other package configurations.

In various embodiments, each capacitor 302, 402, 502 illustrated in Figures 3-5
could be a ceramic capacitor, aluminum oxide capacitor, organic capacitor or a capacitor
made with many other technologies, as would be obvious to one of skill in the art based on
the description herein. These capacitors could have from two to many external terminals
distributed on two or four sides. In addition, the actual and relative dimensions of the
packages, integrated circuits, and discrete capacitors could vary widely, depending on
design and manufacturing constraints or other factors.

Figure 6 illustrates a flowchart of a method for manufacturing an integrated circuit
package having BSCs, in accordance with one embodiment of the present invention. The
method begins, in block 602, by providing a core layer (e.g., layer 304). In one
embodiment, core layer is formed of a rigid, dielectric material, and may or may not

include conductive layers on its top and/or bottom surfaces. For example, the core layer
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could be formed from organic PC board materials, such as an epoxy material, in one
embodiment. For example, standard PC board materials such as FR-4 epoxy-glass,
polymide-glass, benzocyclobutene, Teflon, other epoxy resins, injection molded plastic or
the like could be used in various embodiments. In alternate embodiments, the substrate
could consist of inorganic PC board materials, such as ceramic, for example.

Vias and/or other vertical connections are formed in the core layer, enabling
electrical connections to be made between the top and bottom surfaces of the core layer.
Formation of conventional vias or other vertical connections can be performed using
techniques well known to those of skill in the art. In one embodiment, vias are laser or
mechanically drilled and plated or filled with a conductive material, although vias may
also be punched or formed using other techniques in various embodiments.

Next, in block 604, a set of one or more front side package layers (e.g., layers 306,
406, Figures 3, 4) and interconnections are formed above the top surface (i.e., the front
side) of the core layer. As described previously, these layers alternate between conducting
and non-conducting materials. The conductive layers can be patterned during the build-up
process, and vias and/or other vertical connections can be formed during the build-up
process, as well.

The set of front side package layers and interconnections are formed using
standard build-up techniques, which are well known to those of skill in the art. For
organic packages, these techniques can include, for example, any combination of
photolithography, material deposition, plating, drilling, printing, lamination, and other
processes for selectively adding or removing conductive and non-conductive materials.
For inorganic packages, these techniques can include, for example, pre-forming and
stacking ceramic layers and patterned conductive layers.

In one embodiment, the conductive material is copper, although other conductive
materials such as tin, lead, nickel, gold, palladium or other materials could be used in other
embodiments. The non-conductive material is formed from organic PC board materials,
such as an epoxy material, in one embodiment. For example, standard PC board materials
such as FR-4 epoxy-glass, polymide-glass, benzocyclobutene, Teflon, other epoxy resins,
injection molded plastic or the like could be used in various embodiments. In alternate

embodiments, the non-conductive material could consist of inorganic PC board materials,

such as ceramic, for example.
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In one embodiment, a first front side conductive layer (e.g., layer 305, 405, Figures
3, 4) exists between the core layer and the set of front side package layers. This
conductive layer could be pre-formed on the core layer or could be formed during the
build-up process. In one embodiment, the first front side conductive layer has conductive
material over substantially the whole area in which the cavity will eventually be formed.
In an alternate embodiment, the layer could be patterned over the area in which the cavity
will be formed. In still another embodiment, the first front side conductive layer does not
exist.

In one embodiment, a set of one or more back side package layers (e.g., layers 430,
Figure 4) is formed below the bottom surface (i.e., the back side) of the core layer, in
block 606. As described previously, these layers alternate between conducting and non-
conducting materials. The conductive layers can be patterned during the build-up process,
and vias and/or other vertical connections can be pre-formed and/or formed during the
build-up process, as well. The set of back side package layers and interconnections are
formed using standard build-up processes, described above, which are well known to those
of skill in the art.

In one embodiment, a first back side conductive layer (e.g., layer 428, Figure 4)
exists between the core layer and the set of back side package layers. This conductive
layer could be pre-formed on the core layer or could be formed during the build-up
process. The first back side conductive layer is formed, in one embodiment, so that
conductive material does not exist in the area through which the cavity (e.g., cavity 310,
410, Figures 3, 4) will extend. In other embodiments, the first back side conductive layer
does include conductive material in the area through which the cavity will extend, or the
first back side conductive layer may not exist.

Although the above description indicates that front side package layers are formed
before back side package layers, the order of layer formation could be opposite or both the
front and back side package layers could be formed simultaneously. In another
embodiment, the package could include the front side package layers but not the back side
package layers.

In block 608, a cavity (e.g., cavity 310, 410, 510, Figures 3-5) is formed in a center
region of the package. In one embodiment, the cavity is formed using a masking and
etching process, as is well known to those of skill in the art. In other embodiments, the

cavity could be formed by drilling, punching or mechanically removing the appropriate
9
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portions of the core and conductive and non-conductive layers. In still another
embodiment, where the package is formed from inorganic materials, the cavity could be
created by forming an opening in the center region of the core layer when the core layer is
pre-formed and, if the cavity extends though package layers, by forming openings in the
package layers, as well.

In one embodiment, the cavity is formed through all back side package layers (e.g.,
layers 430, Figure 4) and through the core layer (e.g., layer 304, 404, Figures 3, 4), but not
through the first front side conductive layer (e.g., layer 305, 428, Figures 3, 4) or the other
front side conductive layers (e.g., layers 306, 406, Figures 3, 4). In alternate
embodiments, the cavity could be formed through the first front side conductive layer
and/or one or more other front side package layers.

Next, in block 610, conductive contacts (e.g., pads 312, 412, Figures 3, 4) are
formed inside the cavity. These pads are formed on the upper boundary of the cavity,
which in one embodiment, is the bottom surface of the set of front-side package layers. In
other embodiments, where the cavity extends through one or more of the front side
package layers, the pads would be formed on the bottom of the lowest package layer
through which the cavity does not extend.

The conductive contacts could be formed, for example, by selectively removing
portions of the first front side conductive layer. Alternatively, the contacts could be
formed by selectively applying conductive material inside the cavity. These selective
addition or removal processes are well known to those of skill in the art, and were
described previously in conjunction with the description of the package layer build-up
processes.

In block 612, one or more discrete BSCs (e.g., capacitors 302, 402, 502, Figures 3-
5) are surface mounted to the conductive contacts formed within the cavity. Attachment
can be performed by soldering the cavity connectors and the capacitor terminals together.
Alternatively, a cured, conductive paste or adhesive could be used to provide the
capacitor-to-pad connections.

Finally, in block 614, the package fabrication is completed. In one embodiment,
this includes attaching pins (e.g., pins 308, 408, Figures 3, 4) or forming other types of
connectors (e.g., pads) on the bottom surface of the package. Also, connectors are formed
on the top surface, and an integrated circuit chip (e.g., chip 314, Figure 3) is attached to

the top surface connectors. The integrated circuit can be sealed, if necessary. Finally,
10
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other processes necessary to complete package fabrication are performed. Some or all of
the processes described in conjunction with block 614 could be performed in parallel with
or before the process blocks described previously. The process then ends.

Figure 7 illustrates an integrated circuit package 702, socket 704, and PC board
706, in accordance with various embodiments of the present invention. Starting from the
top of Figure 7, an integrated circuit 708 is housed by integrated circuit package 702.
Integrated circuit 708 contains one or more circuits, which are electrically connected to
integrated circuit package 702.

Integrated circuit 708 could be any of a number of types of integrated circuits. In

one embodiment of the present invention, integrated circuit 708 is a microprocessor. In

* other embodiments, integrated circuit 708 could be a memory device, application specific

integrated circuit, digital signal processor or another type of device. In the example
shown, integrated circuit 708 is a “flip chip” type of integrated circuit, meaning that the
input/output terminations on the chip can occur at any point on its surface. After the chip
has been readied for attachment to integrated circuit package 702, it is flipped over and
attached, via solder bumps or balls to matching pads on the top surface of integrated
circuit package 702. Alternatively, integrated circuit 708 could be wire bonded, where
input/output terminations are connected to integrated circuit package 702 using bond wires
to pads on the top surface of integrated circuit package 702 or otherwise connected to
package 702.

One or more of the circuits within integrated circuit 708 acts as a load, which may
require bypassing capacitance for noise or radiation suppression, and/or voltage
dampening. Some of this capacitance is provided, in one embodiment of the present
invention, by BSCs 710 (e.g., capacitors 302, 402, 502, Figures 3-5), which are surface
mounted within a cavity (e.g., cavity 310, 410, 510, Figures 3-5) on the back side of
package 702. In this manner, one or more levels of additional capacitance are provided to
integrated circuit 708. In other embodiments, BSCs are surface mounted within cavities
on an interposer (not shown), socket 704, and/or PC board 706.

Integrated circuit package 702 is coupled to PC board 706 through a socket 704 on
PC board 706. In the example shown, package 702 includes pins, which mate with
complementary pin holes in socket 704. Alternatively, package 702 could be electrically
and physically connected to PC board 706 using solder connections, such as ball grid array

connections, for example. In still another alternate embodiment, integrated circuit
11
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package 702 could be connected to socket 704 and/or PC board 706 through an interposer
(not shown). Other ways of connecting integrated circuit package 702 and PC board 706
could also be used in other embodiments.

PC board 706 could be, for example, a motherboard of a computer or other
electronic system. As such, it acts as a vehicle to supply power, ground, and signals to
integrated circuit 708. These power, ground, and other signals are supplied through traces
or planes (not shown) on or within PC board 706, socket 704, and integrated circuit
package 702.

The configurations described above in conjunction with various embodiments
could form part of an electronic system. Figure 8 illustrates an electronic system, in
accordance with one embodiment of the present invention. The system shown in Figure 8
could be, for example, a computer, a wireless or wired communication device (e.g.,
telephone, modem, cell phone, pager, radio, etc.), a television, a monitor or virtually any
other type of electronic system that could benefit from the use of back side, cavity
mounted capacitors.

The electronic system includes circuit 802, package 804, PC board 806, memory
device 808, and power supply 810. Package 804 and/or PC board 806 include one or more

BSCs mounted within a cavity, in accordance with various embodiments of the present

invention,

Conclusion

Various embodiments of an integrated circuit package with back side, cavity
mounted capacitors and methods of fabricating that package have been described, along
with a description of the incorporation of the package within an electronic system. The
various embodiments can be used to reduce the vertical inductance present between
discrete capacitors and integrated circuit loads. By utilizing back side, cavity mounted
capacitors, the various embodiments provide a capacitance solution in which capacitors
are replaceable and are less susceptible to heat-related performance degradation. In
addition, the various embodiments can be used in conjunction with a surface mounted
component having pads on its bottom surface, because the back side, cavity mounted

capacitors will not interfere with the connection of those pads to corresponding pads on a

next level of interconnect.
12
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While the foregoing examples of dimensions and ranges are considered typical, the
various embodiments of the invention are not limited to such dimensions or ranges. It is
recognized that the trend within industry is to generally reduce device dimensions for the
associated cost and performance benefits.

In the foregoing detailed description, reference is made to the accompanying
drawings, which form a part hereof, and in which are shown by way of illustration specific
embodiments in which the invention may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the invention.

It will be appreciated by those of ordinary skill in the art that any arrangement,
which is calculated to achieve the same purpose, may be substituted for the specific
embodiment shown. The various embodiments have been described in the context of
providing excess, off-chip capacitance to a die. One of ordinary skill in the art would
understand, based on the description herein, that the method and apparatus of the present
invention could also be applied in many other applications where a capacitor configuration
having a low vertical inductance, replaceability, and/or improved heat dissipation is
desired. Therefore, all such applications are intended to fall within the spirit and scope of
the present invention.

This application is intended to cover any adaptations or variations of the present
invention. The foregoing detailed description is, therefore, not to be taken in a limiting
sense, and it will be readily understood by those skilled in the art that various other
changes in the details, materials, and arrangements of the parts and steps, which have been
described and illustrated in ofder to explain the nature of this invention, may be made

without departing from the spirit and scope of the invention as expressed in the adjoining

claims.
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CLAIMS

What is claimed is:

1. An integrated circuit package comprising:

a core layer formed from a rigid substrate material and having a top surface, a
bottom surface, and a cavity formed through a center region and extending through the top
surface and the bottom surface;

a first set of package layers, formed above the top surface of the core layer and
over the cavity, which includes one or more layers of patterned conductive material
separated by one or more layers of dielectric material;

first conductive pads formed within the cavity, wherein the first conductive pads
provide electrical connections between one or more discrete capacitors and the first set of
package layers; and

second conductive pads formed on a top surface of the first set of package layers,
wherein the second conductive pads provide electrical connections between an integrated

circuit attached to the second conductive pads and the first set of package layers.

2. The integrated circuit package as claimed in claim 1, further comprising a first
conductive layer formed on the top surface of the core layer, wherein the first conductive

pads are portions of the first conductive layer.

3. The integrated circuit package as claimed in claim 1, further comprising a second
set of package layers, formed below the bottom surface of the core layer, which includes
one or more additional layers of patterned conductive material separated by one or more

additional layers of dielectric material.

4. The integrated circuit package as claimed in claim 1, wherein a thickness of the

core layer is in a range of about 500 to 1000 microns.

14
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5. The integrated circuit package as claimed in claim 1, further comprising an

integrated circuit mounted on and electrically connected to the second conductive pads.

6. The integrated circuit package as claimed in claim 1, further comprising the one or

more discrete capacitors electrically connected to the first conductive pads.

7. The integrated circuit package as claimed in claim 1, further comprising multiple

connectors on a bottom surface of the integrated circuit package.

8. The integrated circuit package as claimed in claim 1, wherein the one or more

layers of dielectric material are formed from organic materials.

9. The integrated circuit package as claimed in claim 1, wherein the one or more

layers of dielectric material are formed from ceramic.

10.  An electronic system comprising:
an integrated circuit package having

a core layer formed from a rigid substrate material and having a top
surface, a bottom surface, and a cavity formed through a center region and
extending through the top surface and the bottom surface,

a first set of package layers, formed above the top surface of the core layer
and over the cavity, which includes one or more layers of patterned conductive
material separated by one or more layers of dielectric material,

first conductive pads formed within the cavity, wherein the first conductive
pads provide electrical connections between one or more discrete capacitors
and the first set of package layers, and

second conductive pads formed on a top surface of the first set of package
layers, wherein the second conductive pads provide electrical connections
between an integrated circuit attached to the second conductive pads and the
first set of package layers;

the one or more discrete capacitors electrically connected to the first conductive
pads; and
15
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the integrated circuit attached to the second conductive pads.

11.  The electronic system as claimed in claim 10, wherein the one or more discrete

capacitors are ceramic capacitors.

12.  The electronic system as claimed in claim 10, further comprising multiple

connectors on a bottom surface of the integrated circuit package.

13.  The electronic system as claimed in claim 12, wherein the multiple connectors are

conductive pins.

14.  The electronic system as claimed in claim 12, wherein the multiple connectors are

conductive pads.

15.  The electronic system as claimed in claim 10, wherein the integrated circuit is a

microprocessor.

16.  The electronic system as claimed in claim 10, further comprising:
a power supply; and

a memory device.

17. A method for manufacturing an integrated circuit package, the method comprising:

providing a core layer formed of a rigid dielectric material;

forming one or more front side layers above a top surface of the core layer,
wherein the one or more front side layers alternate between conducting layers and non-
conducting layers, and an integrated circuit is mountable on a top surface of the one or
more front side layers;

forming a cavity through a center region of the core layer and extending through
the top surface and a bottom surface of the core layer; and

forming conductive pads within the cavity, wherein the conductive pads provide
electrical connections between one or more discrete capacitors and the one or more front

side layers.

16
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18.  The method as claimed in claim 17, further comprising attaching the one or more
discrete capacitors to the conductive pads by surface mounting the one or more discrete

capacitors to the conductive pads.

19.  The method as claimed in claim 17, further comprising forming one or more back
side layers below a bottom surface of the core layer, wherein the one or more back side
layers alternate between conducting layers and non-conducting layers, the cavity extends
through the one or more back side layers, and conductive connectors are attachable to a

bottom surface of the one or more back side layers.

20.  The method as claimed in claim 19, further comprising attaching conductive pins
to the bottom surface of the one or more back side layers, wherein the conductive pins are

the conductive connectors.

21.  The method as claimed in claim 17, wherein the core is formed from an organic
material, and forming the one or more front side layers comprises using build-up

techniques that include photolithography, material deposition, plating, and drilling.

22.  The method as claimed in claim 21, wherein forming the cavity comprises using a

masking and etching process.
23.  The method as claimed in claim 17, wherein the core is formed from ceramic, and
forming the one or more front side layers comprises pre-forming and stacking ceramic

layers and non-conductive layers.

24.  The method as claimed in claim 23, wherein forming the cavity comprises pre-

forming the core layer with an opening in a center region of the core layer.

17



WO 2004/012266 PCT/US2003/023570

1/6

W

L o
=
177 1 L
Ty me/ \m:g | |
7.7 [Praor 471/
Al -0
m\ . __Mm 1/ o
LOAD _1 —L/ -
O

/5.8 [Prior 474/



PCT/US2003/023570

WO 2004/012266

2/6

%

\143

16

1a) %\

NN

b I\ ﬂ N N
SOOI NN J NN N J
/vv_ﬂ_waNm_“‘\\\\NNN/ 2 ZASN N\ S
< <N | &z 2 [ K | 2 \mmr
NN 7 | zzx w7773 N ﬁ\ =
S V| mz24zzzd L 77773 ) RSN
ﬁm\\\\\\\r//* Vo VA Vi IS L V- A

L

i\

9%



PCT/US2003/023570

WO 2004/012266

3/6

—
77777777,
\AANNANANN
N N
< AN NN J
ANANNANNY A7 72 Z 7 ez S
< ~J vz 72 [NNNNYN NN\ 4
N % 7771 2 7727 N 222
N 27 7772 _MMV/AAQ\ <
N N
NN 777 VA VA ™V

(EV

90



PCT/US2003/023570

WO 2004/012266 -

4/6

oooOoOoOoooO0oo
oOoooODoOoooooo
DOoOoOoOooOooood
00O OO
o o | OO
mfuln 0O
OO0 OO
ufullm 0O
ooollLl uliw
mfulin oOoooOo0
Oodopooooooo
O O

_H__H:H__UW_D_H_

oooooogoooooaan

/

W

\ \
e =
o = ==}
el g

Vi



WO 2004/012266 PCT/US2003/023570

5/6

(oo )
I

602
PROVIDE CORE e

:

604
FORM ONE OR MORE FRONT |~
SIDE LAYERS

:

' &0
FORM ONE OR MORE BACK /
SIDE LAYERS

v

808
FORM CAVITY /

'

610
FORM CONDUCTIVE /
CONTACTS INSIDE CAVITY

‘

B2
ATTACH DISCRETE |~
CAPACITORS

l b4

- COMPLETE PACKAGE |~
FABRICATION

|
=

Fip6 a




WO 2004/012266 - PCT/US2003/023570

N0
m\r \
\
ONOAONONONO) /'m‘z,
I EEN
I (LI 1T 17 1 l/'m
L | < |
. 00
27
802
CIRCUIT 810 0
I — / /
PACKAGE POWER MEMORY
808 | SUPPLY DEVICE
N PCBOARD

|

ind



INTE‘ATIONAL SEARCH REPORT

Internati ‘Application No

PCT/US 03/23570

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 HO1L25/16 HO1L23/64

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PAJ, EPO-Internal

Electronic data base constlied during the internaiional search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

LTD;0THERS: 01),
28 October 1994 (1994-10-28)
abstract

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X PATENT ABSTRACTS OF JAPAN 1-15,
vol. 2002, no. 06, 17-21,
4 June 2002 (2002-06-04) 23,24
-& JP 2002 043500 A (NGK SPARK PLUG CO
LTD), 8 February 2002 (2002-02-08)
abstract; figures 1,4
X PATENT ABSTRACTS OF JAPAN 1,2,
vol. 1995, no. 01, 6~12,14,
28 February 1995 (1995-02-28) 15,17,
-& JP 06 302709 A (KOKUSAT ELECTRIC CO 18,23

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particuiar relevance

"E* earlier document but published on or after the international
filing date

*l." document which may throw doubts on priority claim(s) or

which is cited 1o establish the publication date of another
citation or other special reason (as specified)

‘0" document referring to an oral disclosure, use, exhibition or
other means

*P" document published prior to the international filing date but
later than the priosity date claimed

*T* later document published after the international filing date
or priority date and nhot in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of patticular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

'&* document member of the same patent family

Date of the aclual completion of the international search

4 November 2003

Date of mailing of the international search repornt

21/11/2003

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswik

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31~70) 340-3016

Authotized officer

Ahlstedt, M

Fom PCT/ISA/210 (second sheet) (July 1992)




INTERATIONAL SEARCH REPORT — ——
PCT/US 03/23570

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with Indication,where approptiate, of the relevant passages Relevant to claim No.
X US 5 939 782 A (MALLADI DEVRIPRASAD) 1-3,5-7,
17 August 1999 (1999-08-17) 9,10,
12-15
coiumn 3, Tine 41 -column 4, Tine 16
X US 6 407 904 B1 (TANIGUCHI MASAAKI ET AL) 1-3,5-7,
18 June 2002 (2002-06-18) 10-16

column 13, Tine 46 —column 15, Tine 17;
figures 13,15

column 3, Tine 9 - Tline 15

cofumn 1, line B8 -~ Tine 63

Form PCT/ISA/210 {continuation of second sheet) (July 1992)

page 2 of 2



INTE

TIONAL SEARCH REPORT

Information on patent family members

Internatio’

pplication No

PCT/US 03/23570

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2002043500 A 08-02-2002 JP 2002043718 A 08-02-2002

JP 06302709 0 A 04-02-1988  NONE

Us 5939782 A 17-08-1999  NONE

US 6407904 Bl 18-06-2002 JP 2000323354 A 24-11-2000
DE 10019229 Al 23-11-2000
TH 508601 B 01-11-2002

Form PCT/SA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

