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57 ABSTRACT
A method of transferring heat in a package includes con-
ducting heat from a first device to a second device by a low
thermal resistance substrate path in a chip layer of the
package, conducting heat from an integrated circuit (IC) to
a first package layer of the package, conducting heat from
the first package layer of the package to at least a first set of
through-vias positioned in the chip layer, and conducting
heat from the first set of through-vias to a surface of a second
package layer opposite the chip layer. The first device and
the second device is part of the IC chip. The first package

29, 2016. layer is adjacent to the chip layer.
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HEAT TRANSFER STRUCTURES AND
METHODS FOR IC PACKAGES

PRIORITY CLAIM

[0001] The present application is a continuation of U.S.
application Ser. No. 16/204,953, filed Nov. 29, 2018, which
is a divisional of U.S. application Ser. No. 15/658,948, filed
Jul. 25, 2017, now U.S. Pat. No. 10,163,751, issued Dec. 25,
2018, which claims the priority of U.S. Provisional Appli-
cation No. 62/427,681, filed Nov. 29, 2016, which are
incorporated herein by reference in their entireties.

BACKGROUND

[0002] In integrated circuit (IC) chips and packages, heat
is generated by current flowing through various circuits and
electrical connections. Dissipation of the generated heat to
the surrounding environment allows operating temperatures
of'the various circuits to remain within specified temperature
ranges.

[0003] Heat dissipation depends on a number of factors
including the location of a heat source and the thermal
conductivities of structural elements between the heat source
and the surrounding environment. Often, materials that have
relatively low electrical conductivity have relatively low
thermal conductivity, and materials that have relatively high
electrical conductivity have relatively high thermal conduc-
tivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0005] FIG. 1 is a diagram of a package structure, in
accordance with some embodiments.

[0006] FIG. 2 is a diagram of an IC chip, in accordance
with some embodiments.

[0007] FIG. 3 is a diagram of an IC structure, in accor-
dance with some embodiments.

[0008] FIG. 4 is a diagram of an IC structure, in accor-
dance with some embodiments.

[0009] FIG. 5 is a diagram of an IC structure, in accor-
dance with some embodiments.

[0010] FIG. 6 is a diagram of an IC structure, in accor-
dance with some embodiments

[0011] FIG. 7 is a flowchart of a method of transferring
heat in a package, in accordance with some embodiments.
[0012] FIG. 8 is a flowchart of a method of transferring
heat in an IC chip, in accordance with some embodiments.
[0013] FIG. 9 is a flowchart of a method of forming a
package structure, in accordance with some embodiments.
[0014] FIG. 10 is a flowchart of a method of forming an
IC structure, in accordance with some embodiments.

DETAILED DESCRIPTION

[0015] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components, values, operations, materials, arrangements, or
the like, are described below to simplify the present disclo-
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sure. These are, of course, merely examples and are not
intended to be limiting. Other components, values, opera-
tions, materials, arrangements, or the like, are contemplated.
For example, the formation of a first feature over or on a
second feature in the description that follows may include
embodiments in which the first and second features are
formed in direct contact, and may also include embodiments
in which additional features may be formed between the first
and second features, such that the first and second features
may not be in direct contact. In addition, the present dis-
closure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a rela-
tionship between the various embodiments and/or configu-
rations discussed.

[0016] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0017] A package structure includes a first package layer
in which an electrical signal structure is electrically isolated
from a first thermal conduction structure. A second package
layer includes a second thermal conduction structure, and a
chip layer is positioned between the first package layer and
the second package layer. The chip layer includes an IC chip
electrically connected to the electrical signal structure, a
molding material, and a through-via positioned in the mold-
ing material. The first thermal conduction structure, the
through-via, and the second thermal conduction structure are
configured as a low thermal resistance path from the IC chip
to a surface of the second package layer opposite the chip
layer. In other words, the first thermal conduction structure,
the through-via, and the second thermal conduction structure
are configured as a high thermal conductance path from the
IC chip to a surface of the second package layer opposite the
chip layer.

[0018] An IC structure includes a first device and a second
device, the second device being thermally coupled to the
first device by a low thermal resistance substrate path or a
high thermal conductance substrate path. An electrical signal
path extends from the first device to a top surface of the IC
chip, a low thermal resistance path extends from the second
device to the top surface of the IC chip, and the low thermal
resistance path is electrically isolated from the electrical
signal path.

[0019] FIG. 1 is a side-view diagram of a package struc-
ture 100, in accordance with some embodiments. Package
structure 100 includes a printed circuit board (PCB) 110, a
first package layer 120 overlying PCB 110, a chip layer 130
overlying first package layer 120, a second package layer
140 overlying chip layer 130, and a heat spreader 150
overlying second package layer 140. First package layer 120
includes an electrical signal structure 122 and a first thermal
conduction structure 124. Chip layer 130 includes an IC chip
132, a molding material 134, and through-vias 136. Second
package layer 140 includes a second thermal conduction
structure 142.
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[0020] In some embodiments, package structure 100 does
not include PCB 110. In some embodiments, package struc-
ture 100 does not include heat spreader 150. In some
embodiments, package structure 100 is part of an IC package
that includes one or more layers in addition to first package
layer 120, chip layer 130, and second package layer 140. In
some embodiments, package structure 100 is part of an IC
package that includes one or more IC chips (not shown) in
addition to IC chip 132. In some embodiments, package
structure 100 is part of an IC package that includes one or
more heat spreaders (not shown) in addition to heat spreader
150. In some embodiments, package structure 100 is part of
an integrated fan-out (InFO) package.

[0021] PCB 110 is configured to provide one or more
electrical connections between electrical signal structure
122 and one or more additional electrical signal structures
and/or one or more electrical structures external to an IC
package comprising IC package structure 100. In some
embodiments, PCB 110 is electrically connected to first
package layer 120 by two electrical connectors 112. In
various embodiments, electrical connectors 112 are solder
balls, conductive pillars, or other suitable conductive ele-
ments capable of providing electrical connections from PCB
110 to electrical signal structure 122. In at least some
embodiments, there are greater or lesser number of electrical
connectors 112.

[0022] First package layer 120 includes one or more
dielectric layers (not shown) that are part of an IC package
comprising IC package structure 100. Electrical signal struc-
ture 122 and first thermal conduction structure 124 are
within the one or more dielectric layers (not shown) of first
package layer 120.

[0023] Electrical signal structure 122 is configured to
provide electrical connections between IC chip 132 and PCB
110. In some embodiments, electrical signal structure 122 is
configured to provide electrical connections between IC chip
132 and one or more additional IC chips (not shown). In
some embodiments, electrical signal structure 122 is con-
figured to provide electrical connections between IC chip
132 and one or more PCBs (not shown) other than PCB 110.
[0024] Electrical signal structure 122 includes electrically
conductive elements positioned within the one or more
dielectric layers (not shown) of first package layer 120. In
some embodiments, electrically conductive elements of
electrical signal structure 122 are redistribution lines posi-
tioned within the one or more dielectric layers. Electrically
conductive elements of electrical signal structure 122 com-
prise one or more conductive materials such as a metal, a
metal composite, or other suitable material that is formed in
one or more metallization layers by one or more of a
physical vapor deposition process, a chemical vapor depo-
sition process, a plating process, or other suitable process.
[0025] In some embodiments, electrical signal structure
122 includes one or more resistive devices, also referred to
as resistors. In some embodiments, electrical signal structure
122 includes one or more energy storage devices, examples
of which include inductive devices or capacitive devices, or
the like.

[0026] In some embodiments, electrical signal structure
122 is a component of an integrated voltage regulator (IVR).
In some embodiments, electrical signal structure 122 is a
component of an IVR and includes an inductive device. In
some embodiments, electrical signal structure 122 is a
component of an IVR and includes a plurality of inductive
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devices, each inductive devices of the plurality of inductive
devices corresponding to a phase of the IVR. In some
embodiments, a plurality of inductive devices includes 16
inductors. In some embodiments, the plurality of inductive
devices includes greater or fewer numbers of inductive
devices.

[0027] In the embodiment depicted in FIG. 1, electrical
signal structure 122 includes elements entirely within the
one or more dielectric layers (not shown) and additional
elements outside the one or more dielectric layers (not
shown). In some embodiments, electrical signal structure
122 does not include additional elements outside the one or
more dielectric layers (not shown).

[0028] In the embodiment depicted in FIG. 1, the addi-
tional elements of electrical signal structure 122 include
under-bump metallurgies (UBMs) 122UBM. Each UBM
122UBM is positioned between electrical signal structure
122 and an electrical connector 112 and is configured to
provide an electrical connection and/or a mechanical con-
nection between electrical signal structure 122 and the
electrical connector 112. In some embodiments, one or more
UBMs (not shown) in addition to UBMs 122UBM are
electrically separate from electrical signal structure 122 and
are configured to provide a mechanical connection between
first package layer 120 and electrical connectors 112.
[0029] In the embodiment depicted in FIG. 1, the addi-
tional elements of electrical signal structure 122 include a
capacitor 122CAP. In some embodiments, capacitor
122CAP has a capacitance value in a range from 100
nanoFarads (nF) to 1000 nF. In some embodiments, capaci-
tor 122CAP has a capacitance value of approximately 700
nF.

[0030] First thermal conduction structure 124 is config-
ured to provide a low thermal resistance path from IC chip
132 to through-vias 136. First thermal conduction structure
124 is electrically isolated from electrical signal structure
122. In some embodiments, first thermal conduction struc-
ture 124 is a single, continuous structure within first package
layer 120. In some embodiments, first thermal conduction
structure 124 includes a plurality of separate structures
within first package layer 120, each of which provides a low
thermal resistance path from IC chip 132 to through-vias
136. The reciprocal of thermal resistance (or resistivity) is
thermal conductance (or conductivity). For example, in
some embodiments, a low thermal resistance path is also a
high thermal conductance path. Similarly, in some embodi-
ments, a high thermal resistance path is also a low thermal
conductance path. In some embodiments, a structure with a
high thermal conductance has a thermal conductivity (at 298
degrees Kelvin) greater than or equal to 2 (W/m-K). In
some embodiments, a structure with a low thermal resis-
tance has a thermal resistance less than or equal to 0.5
(m-K/W).

[0031] In some embodiments, package structure 100
includes one or more IC chips (not shown) in addition to IC
chip 132, and first thermal conduction structure 124 is
configured to provide one or more low thermal resistance
paths from the one or more additional IC chips (not shown)
to through-vias 136.

[0032] First thermal conduction structure 124 includes
thermally conductive elements positioned within the one or
more dielectric layers of first package layer 120. Thermally
conductive elements of first thermal conduction structure
124 comprise one or more materials such as a metal, a metal
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composite, a non-metal composite, a polymer, an amalgam,
or other suitable material that is formed in one or more
layers by one or more of a physical vapor deposition
process, a chemical vapor deposition process, a plating
process, or other suitable process. In some embodiments, a
metal or metal alloy includes one or more of copper, copper
alloy, aluminum, gold or other suitable materials.

[0033] In some embodiments, one or more layers of ther-
mally conductive elements of first thermal conduction struc-
ture 124 are also described as redistribution lines (RDLs),
post-passivation interconnect (PPI) structures, or package
metallization (PM) stacks positioned within the one or more
dielectric layers (not shown) of first package layer 120. In
some embodiments, thermally conductive elements of first
thermal conduction structure 124 are part of an InFO pack-
age.

[0034] In the embodiment depicted in FIG. 1, package
structure 100 includes two locations at which low thermal
resistance interfaces 138 are present between IC chip 132
and first thermal conduction structure 124. In some embodi-
ments, package structure 100 includes a single location at
which a low thermal resistance interface 138 is present
between IC chip 132 and first thermal conduction structure
124. In some embodiments, package structure 100 includes
more than two locations at which low thermal resistance
interfaces 138 are present between IC chip 132 and first
thermal conduction structure 124.

[0035] A low thermal resistance interface 138 is config-
ured to thermally couple a thermally conductive element of
IC chip 132 to a thermally conductive element of first
thermal conduction structure 124. In some embodiments, a
low thermal resistance interface 138 is a direct contact
between a thermally conductive element of IC chip 132 and
a thermally conductive element of first thermal conduction
structure 124. In some embodiments, a low thermal resis-
tance interface 138 includes one or more additional elements
between a thermally conductive element of IC chip 132 and
a thermally conductive element of first thermal conduction
structure 124. In some embodiments, one or more additional
elements have low thermal conductivity relative to a ther-
mally conductive element of first thermal conduction struc-
ture 124, but have a sufficiently large cross-sectional area
and/or a sufficiently small thickness to provide a low thermal
resistance path between IC chip 132 and first thermal
conduction structure 124.

[0036] In the embodiment depicted in FIG. 1, each of two
portions of first thermal conduction structure 124 includes a
single line segment extending from a single low thermal
resistance interface 138 to two through-vias 136. In some
embodiments, a single line segment of first thermal conduc-
tion structure 124 corresponds to a plurality of low thermal
resistance interfaces 138. In some embodiments, a single
line segment of first thermal conduction structure 124 cor-
responds to a single through-via 136. In some embodiments,
a single line segment of first thermal conduction structure
124 corresponds to more than two through-vias 136.
[0037] Insome embodiments, a plurality of line segments
of first thermal conduction structure 124 corresponds to a
single low thermal resistance interface 138. In some
embodiments, a plurality of line segments of first thermal
conduction structure 124 corresponds to a plurality of low
thermal resistance interfaces 138.

[0038] In some embodiments, a plurality of line segments
of first thermal conduction structure 124 corresponds to a
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single through-via 136. In some embodiments, a plurality of
line segments of first thermal conduction structure 124
corresponds to a plurality of through-vias 136.

[0039] In some embodiments, first thermal conduction
structure 124 includes a plurality of parallel line segments.
In some embodiments, first thermal conduction structure
124 includes a plurality of line segments in a grid arrange-
ment. In some embodiments, first thermal conduction struc-
ture 124 includes a plurality of line segments in a single
dielectric layer of first package layer 120. In some embodi-
ments, first thermal conduction structure 124 includes a
plurality of line segments in multiple dielectric layers of first
package layer 120.

[0040] IC chip 132 is a device die that includes one or
more processors, voltage regulators, voltage converters,
logic circuits, power management ICs, transmitters, receiv-
ers, memories, other IC circuits, or the like. IC chip 132
includes one or more electrical signal paths (not shown)
configured to electrically connect to electrical signal struc-
ture 122 by conductive lines 122a, 1225. IC chip 132 further
includes one or more low thermal resistance paths (not
shown) configured to thermally connect to low thermal
resistance interfaces 138, described above with respect to
first thermal conduction structure 124. In some embodi-
ments, one or more low thermal resistance paths include an
opening in a passivation layer (not shown) of IC chip 132.

[0041] Molding material 134 is positioned between first
package layer 120 and second package layer 140 and fills
some or all of the volume between first package layer 120
and second package layer 140 that is not occupied by IC chip
132 and through-vias 136. In some embodiments, package
structure 100 includes one or more IC chips in addition to IC
chip 132, and molding material 134 fills some or all of the
volume between first package layer 120 and second package
layer 140 that is not occupied by IC chip 132, through-vias
136, and the additional one or more IC chips. In some
embodiments, molding material 134 is electrically insulat-
ing. In some embodiments, the molding material 134 is
configured to provide package stiffness, provide a protective
or hermetic cover, provide shielding, and/or provide a heat
conductive path.

[0042] Molding material 134 includes a molding com-
pound, a molding underfill, an epoxy, a resin, or another
suitable material capable of filling some or all of the
otherwise unoccupied volume between first package layer
120 and second package layer 140.

[0043] Through-vias 136 include thermally conductive
elements positioned within molding material 134 and
extending from first package layer 120 to second package
layer 140. Thermally conductive elements of through-vias
136 comprise one or more materials such as a metal, a metal
composite, a non-metal composite, a polymer, an amalgam,
or other suitable material that is formed in one or more
layers by one or more of a physical vapor deposition
process, a chemical vapor deposition process, a plating
process, or other suitable process.

[0044] In some embodiments, through-vias 136 are metal
pillars. In some embodiments, through-vias 136 comprise
copper, copper alloy, aluminum, gold or other suitable
thermally conductive materials. In some embodiments,
through-vias 136 comprise a seed metal. In some embodi-
ments, through-vias 136 are through integrated fan-out vias
(TIVs) of an InFO package.
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[0045] Inthe embodiment depicted in FIG. 1, a plurality of
through-vias includes four through-vias 136. In some
embodiments, chip layer 130 includes a single through-via
136. In some embodiments, a plurality of through-vias
includes fewer than four through-vias 136. In some embodi-
ments, a plurality of through-vias includes more than four
through-vias 136. In some embodiments, a plurality of
through-vias includes two or more through-vias 136 config-
ured in a parallel orientation.

[0046] In some embodiments, chip layer 130 includes one
or more through-vias 136 adjacent to each of one or more
edges of a perimeter of IC chip 132. In some embodiments,
chip layer 130 includes one or more through-vias 136
adjacent to each of four edges of a perimeter of IC chip 132.
In some embodiments, chip layer 130 includes one or more
IC chips in addition to IC chip 132, and one or more
through-vias 136 are positioned between IC chip 132 and the
one or more additional IC chips.

[0047] Second package layer 140 includes one or more
dielectric layers that are part of an IC package comprising IC
package structure 100. Second package layer 140 includes a
surface 143 opposite chip layer 130.

[0048] Second thermal conduction structure 142 is formed
within the one or more dielectric layers of second package
layer 140 and extends from chip layer 130 to the surface 143.
Second thermal conduction structure 142 is configured to
provide a low thermal resistance path from through-vias 136
to surface 143, and includes UBMs 142UBM at surface 143.
In some embodiments, second thermal conduction structure
142 does not include UBMs 142UBM. In some embodi-
ments, second thermal conduction structure 142 is a heat
sink.

[0049] In some embodiments, second thermal conduction
structure 142 is a single, continuous structure within second
package layer 140. In some embodiments, second thermal
conduction structure 142 includes a plurality of separate
structures within second package layer 140, each of which
provides a low thermal resistance path from one or more
through-vias 136 to surface 143.

[0050] Second thermal conduction structure 142 includes
thermally conductive elements that comprise one or more
materials such as a metal, a metal composite, a non-metal
composite, a polymer, an amalgam, or other suitable mate-
rial that is formed in one or more layers by one or more of
a physical vapor deposition process, a chemical vapor depo-
sition process, a plating process, or other suitable process.
[0051] In some embodiments, one or more layers of ther-
mally conductive elements of second thermal conduction
structure 142 are also described as redistribution lines,
post-passivation interconnect structures, or package metal-
lization stacks positioned within the one or more dielectric
layers of second package layer 140. In some embodiments,
thermally conductive elements of second thermal conduc-
tion structure 142 are part of an InFO package.

[0052] In the embodiment depicted in FIG. 1, second
thermal conduction structure 142 extends from four through-
vias 136 to two UBMs 142UBM at surface 143. In some
embodiments, second thermal conduction structure 142
extends from fewer than four through-vias 136 to surface
143. In some embodiments, second thermal conduction
structure 142 extends from more than four through-vias 136
to surface 143.

[0053] In some embodiments, second thermal conduction
structure 142 extends to a single UBM 142 UBM. In some
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embodiments, second thermal conduction structure 142
extends to more than two UBMs 142 UBM.

[0054] In some embodiments, second thermal conduction
structure 142 includes a plurality of parallel line segments.
In some embodiments, second thermal conduction structure
142 includes a plurality of line segments in a grid arrange-
ment. In some embodiments, second thermal conduction
structure 142 includes a plurality of line segments in a single
dielectric layer of second package layer 140. In some
embodiments, second thermal conduction structure 142
includes a plurality of line segments in multiple dielectric
layers of second package layer 140.

[0055] UBMs 142UBM are on the surface 143 of the
second package layer 140. In some embodiments, one or
more of UBMs 142UBM are configured to provide a
mechanical connection between second package layer 140
and heat spreader 150. In some embodiments, at least one
UBM of UBMs 142UBM or 122UBM is the same as another
UBM of UBMs 142UBM or 122UBM. In some embodi-
ments, at least one UBM of UBMs 142UBM or 122UBM is
different from another UBM of UBMs 142UBM or
122UBM. In some embodiments, at least one UBM of
UBMs 142UBM or 122UBM includes one or more of an
adhesion layer, a barrier layer, a wetting layer or a seed layer.
In some embodiments, at least one UBM of UBMs 142UBM
or 122UBM is a solder bump, gold bump, copper pillar
bump, bumps with mixed metals or other suitable materials.
[0056] Heat spreader 150 is a structure configured to form
a low thermal resistance path between UBMs 142UBM and
an ambient or external environment. In some embodiments,
heat spreader 150 includes one or more fins (not shown), a
mesh configuration (not shown), or other configuration by
which a surface area of heat spreader is increased relative to
a volume of heat spreader 150 such that heat transfer to the
ambient environment is increased as compared to structures
without such features.

[0057] Heat spreader 150 comprises one or more materials
such as a metal, a metal composite, a non-metal composite,
a polymer, an amalgam, or other suitable material that is
capable of providing a low thermal resistance path to the
ambient environment.

[0058] In some embodiments, package structure 100
includes one or more heat spreaders in addition to heat
spreader 150, and each additional heat spreader is configured
to provide a low thermal resistance path from one or more
UBMSs 142 UBM of second thermal conduction structure
142 to the ambient environment. In some embodiments,
package structure 100 includes one or more heat spreaders
in addition to heat spreader 150, and the one or more
additional heat spreaders are configured to provide a low
thermal resistance path from one or more thermal conduc-
tion structures other than second thermal conduction struc-
ture 142.

[0059] Package structure 100 is thereby configured such
that first thermal conduction structure 124, through-vias 136,
and second thermal conduction structure 142 are a low
thermal resistance path from IC chip 132 to surface 143 and,
if present, heat spreader 150. The low thermal resistance
path therefore includes an interface with IC chip 132 on the
same surface at which electrical signal structure 122 has an
interface with IC chip 132, but is configured to conduct heat
in a direction opposite the direction in which electrical
signal structure 122 extends beyond the surface of IC chip
132.
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[0060] Because first thermal conduction structure 124 is
electrically isolated from electrical signal structure 122, the
low thermal resistance path from IC chip 132 to surface 143
is electrically isolated from electrical signal paths in IC chip
132 as long as the one or more electrical signal paths (not
shown) in IC chip 132 are electrically isolated from low
thermal resistance interfaces 138.

[0061] In some embodiments, package structure 100
includes one or more chip layers in addition to chip layer
130 and one or more package layers in addition to first
package layer 120 and second package layer 140, and the
additional one or more chip layers and the additional one or
more package layers include features similar to those dis-
cussed above with respect to chip layer 130, first package
layer 120, and second package layer 140, such that one or
more expanded and/or additional low thermal resistance
paths to one or more package surfaces are provided.
[0062] The configuration of separate thermal and electri-
cal signal paths from one or more IC chips to one or more
surfaces of an IC package provides increased power effi-
ciency compared to approaches in which thermal and elec-
trical paths are combined. Compared to other approaches,
the increased power efficiency enables more compact circuit
configurations, thereby lowering costs and increasing capa-
bilities for a given circuit size. For example, an integrated
voltage regulator in a package structure in accordance with
the various embodiments is capable of having an increased
number of phases for a given circuit size compared to an
integrated voltage regulator based on other approaches.
[0063] FIG. 2 is a side view diagram of an IC chip 200, in
accordance with some embodiments. IC chip 200 is usable
as IC chip 132, described above with respect to package
structure 100 and FIG. 1. IC chip 200 in FIG. 2 is depicted
having a vertical orientation opposite the vertical orientation
of IC chip 132 in FIG. 1. Accordingly, elements depicted as
being positioned at a top surface of IC chip 200 in FIG. 2 are
equivalent to elements depicted as being positioned at a
bottom surface of IC chip 132 in FIG. 1.

[0064] IC chip 200 includes a substrate 200A and an
interconnect layer 200B above substrate 200A. Substrate
200A includes a first device 210, a second device 220, and
a low thermal resistance substrate path 215 between first
device 210 and second device 220. Interconnect layer 200B
includes an electrical signal path 212, a low thermal resis-
tance path 222, and a surface 200S opposite substrate 200A.
[0065] Substrate 200A is a semiconductor substrate and
components formed within and on the semiconductor sub-
strate, including oxide diffusion, or active regions, source/
drain regions, isolation structures, and transistor gate and fin
structures.

[0066] First device 210 is a functional IC device formed in
substrate 200A and second device 220 is a dummy device
formed in substrate 200A. Non-limiting examples of first
device 210 and second device 220 include transistors,
diodes, resistive devices, or other suitable devices, or a
combination of one or more such devices formed in sub-
strate 200A. In some embodiments, one or both of first
device 210 or second device 220 is formed in one or more
wells (not shown) in substrate 200A.

[0067] Low thermal resistance substrate path 215 is a low
thermal resistance path between first device 210 and second
device 220 in substrate 200A. In some embodiments, first
device 210 and second device 220 are adjacent to each other
and low thermal resistance substrate path 215 is a portion of
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the semiconductor substrate 200 A separating first device 210
from second device 220. Because of the proximity of first
device 210 to second device 220, a small thickness of the
portion of the semiconductor substrate 200A between first
device 210 and second device 220 causes low thermal
resistance substrate path 215 to have a low thermal resis-
tance.

[0068] Low thermal resistance substrate path 215 is con-
figured to electrically isolate first device 210 from second
device 220. In some embodiments, low thermal resistance
substrate path 215 is configured to electrically isolate first
device 210 from second device 220 by including an inver-
sion region at a p-n junction in substrate 200A. In some
embodiments, low thermal resistance substrate path 215
includes a diode (not shown), first device 210 is electrically
coupled to an anode of the diode, and second device 220 is
electrically coupled to a cathode of the diode. In some
embodiments, low thermal resistance substrate path 215
includes a diode, first device 210 is electrically coupled to a
cathode of the diode, and second device 220 is electrically
coupled to an anode of the diode. In some embodiments, low
thermal resistance substrate path 215 includes a diode
formed between a well in first device 210 (or second device
220) and semiconductor substrate 200A.

[0069] Electrical signal path 212 extends from first device
210 to surface 200S of interconnect layer 200B, and is
configured to provide an electrical connection between first
device 210 and surface 200S. Electrical signal path 212
includes a combination of one or more of contacts, vias, IC
metallization layers from metal zero through another metal
layer, and a pad layer.

[0070] Low thermal resistance path 222 extends from
second device 220 to surface 200S of interconnect layer
200B, and is configured to provide a low thermal resistance
path between second device 220 and surface 200S. Low
thermal resistance path 222 includes a combination of one or
more of contacts, vias, IC metallization layers from metal
zero through another metal layer, and a pad layer. A com-
bination of second device 220 and low thermal resistance
path 222 is also called a vertical heat sink.

[0071] In the embodiment depicted in FIG. 2, IC chip 200
includes a single first device 210, a single electrical signal
path 212, a single low resistance substrate path 215, a single
second device 220, and a single low thermal resistance path
222. In some embodiments, IC chip 200 includes an addi-
tional one or more of at least one of first device 210,
electrical signal path 212, low resistance substrate path 215,
second device 220, and low thermal resistance path 222.
[0072] In some embodiments, a single electrical signal
path 212 provides an electrical connection between surface
2008 and one or more first devices in addition to first device
210. In some embodiments, a single low thermal resistance
path 222 provides a low thermal resistance path between
surface 200S and one or more second devices in addition to
second device 220.

[0073] The configuration of separate thermal and electri-
cal signal paths from multiple devices in an IC chip to a
surface of the IC chip provides increased power efficiency
compared to approaches in which a separate low thermal
resistance path is not present. Compared to other
approaches, the increased power efficiency enables more
compact circuit configurations, thereby lowering costs and
increasing capabilities for a given circuit size. A separate
low thermal resistance path in an IC chip that is a part of a
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package having one or more low thermal resistance paths
that are separate from electrical signal paths further enables
compact circuit configurations at the package level.

[0074] FIG. 3 is a top view diagram of an IC structure 300,
in accordance with some embodiments. FIG. 3 is an array of
vertical heat sinks 301, 302, 303, 304 and 305. FIG. 3
depicts a horizontal layout in which a vertical heat sink 301
is surrounded by vertical heat sinks 302, 303, 304, and 305.
Each of vertical heat sinks 301-305 corresponds to a com-
bination of a second device 220 and low thermal resistance
path 222, described above with respect to IC chip 200 and
FIG. 2.

[0075] In some embodiments, IC structure 300 includes a
subset of one or more of vertical heat sinks 301, 302, 303,
304, and 305. In some embodiments, IC structure 300 is one
IC structure of a plurality of IC structures 300, and two or
more of the plurality of IC structures 300 are part of a single,
continuous, low thermal resistance structure.

[0076] The layout configuration of FIG. 3 in which one or
more vertical heat sinks are optionally included enables
design flexibility such that heat sink structures are capable of
being configured in accordance with heat generation in
adjacent functional circuits and requirements for electrical
isolation. This design flexibility allows the number of ver-
tical heat sinks, and therefore total heat flow, to be maxi-
mized near functional circuit elements that generate signifi-
cant heat, and to be minimized near functional circuit
elements that generate insignificant heat, thereby limiting
space requirements.

[0077] FIG. 4 is a top view diagram of an IC structure 400,
in accordance with some embodiments. FIG. 4 depicts a
horizontal layout in which a plurality of IC structures 300,
described above with respect to FIG. 3, surrounds a plurality
of circuit components 410. A low thermal resistance path
420 thermally couples IC structures 300 to each other.
[0078] Circuit components 410 include functional circuit
elements such as one or more first devices 210, described
above with respect to IC structure 200 and FIG. 2. Low
thermal resistance path 420 is formed from one or more
metallization layers (not shown) from which one or more
low thermal resistance paths 222 are also formed such that
low thermal resistance path 420 is a component of each IC
structure 300.

[0079] In the embodiment depicted in FIG. 4, low thermal
resistance path 420 is part of each IC structure 300 of the
plurality of IC structures 300. In some embodiments, low
thermal resistance path 420 is a part of a subset of the
plurality of IC structures 300.

[0080] Inthe embodiment depicted in FIG. 4, the plurality
of IC structures 300 includes twelve IC structures 300 and
surrounds the plurality of circuit components 410 including
eight circuit components 410. In some embodiments, IC
structure 400 includes fewer than twelve IC structures 300.
In some embodiments, IC structure 400 includes more than
twelve IC structures 300. In some embodiments, IC structure
400 includes fewer than eight circuit components 410. In
some embodiments, IC structure 400 includes more than
eight circuit components 410. In some embodiments, the
plurality of IC structures 300 does not surround the plurality
of circuit components 410.

[0081] Because each IC structure 300 in IC structure 400
is capable of being populated with any or all of vertical heat
sinks 301-305, IC structure 400 is capable of being config-
ured to provide one or more low thermal resistance paths
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that match one or more locations at which heat is generated
in the plurality of circuit components 410.

[0082] The layout configuration of FIG. 4 in which a
plurality of configurable IC structures is combined with a
plurality of circuit components enables design flexibility
such that heat sink structures are capable of being configured
in accordance with heat generation in adjacent functional
circuits and requirements for electrical isolation.

[0083] FIG. 5 is a side view diagram of an IC structure
500, in accordance with some embodiments. IC structure
500 is usable as a vertical heat sink 301-305, described
above with respect to IC structure 300 and FIG. 3. IC
structure 500 includes a substrate region 510, a well 520,
well connections 530, a gate structure 540, an interconnect
structure 550, and a pad structure 560. In some embodi-
ments, IC structure 500 does not include gate structure 540.
[0084] Substrate region 510 is a portion of a substrate in
which one or more circuit components are formed, for
example circuit component 410, described above with
respect to IC structure 400 and FIG. 4. Substrate region 510
is a semiconductor having a first type of conductivity. In
some embodiments, IC structure 500 is part of a comple-
mentary metal oxide semiconductor (CMOS) circuit in
which substrate region 510 is configured to have a ground
voltage level and one or more other substrate regions (not
shown) are configured to be floating.

[0085] Well 520 is a portion of the substrate having a
second type of conductivity opposite the first type of con-
ductivity. In some embodiments, the first type of conduc-
tivity is p-type and the second type of conductivity is n-type.
In some embodiments, the first type of conductivity is n-type
and the second type of conductivity is p-type.

[0086] Well connections 530 are structures configured to
electrically and/or thermally couple one or more portions of
well 520 to one or more overlying structures. In various
embodiments, well connections 530 include one or more of
a source/drain region, a lightly-doped drain region, a source/
drain contact, an emitter contact, a base contact, a collector
contact, a well contact, or another suitable structure for
electrically and/or thermally coupling one or more portions
of well 520 to one or more overlying structures. In some
embodiments, well structures 530 are at least electrically or
thermally conductive structures.

[0087] Gate structure 540 is a portion of a semiconductor
device configured to provide gate control of an underlying
portion of substrate region 510. Gate structure 540 includes
a dielectric layer and an overlying conductive gate.

[0088] Interconnect structure 550 is an IC structure that
extends from well connections 530 to pad structure 560 and
is configured to provide a low thermal and/or electrical
resistance path from one or more of well connections 530 to
pad structure 560. Interconnect structure 550 includes a
combination of one or more of contacts, vias, and IC
metallization layers from metal zero through another over-
lying metal layer. Interconnect structure 550 is positioned
within one or more insulation layers overlying substrate 510.
In some embodiments, interconnect structure 550 is physi-
cally and electrically isolated from other electrically con-
ductive structures that overly substrate 510.

[0089] Pad structure 560 is an IC structure located at a top
surface of the substrate that includes substrate region 510.
Pad structure 560 includes a pad layer such as an aluminum
layer for bond pad. In some embodiments, pad structure 560
includes a UBM layer. In some embodiments, pad structure
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560 is a thermally conductive or an electrically conductive
structure. In some embodiments, pad structure 560 is a
metal, a metal composite, a non-metal composite, a polymer,
an amalgam, or other suitable material that is formed in one
or more layers by one or more of a physical vapor deposition
process, a chemical vapor deposition process, a plating
process, or other suitable process.

[0090] In some embodiments, well 520, well connections
530, gate structure 540, and interconnect structure 550 are
configured as a dummy transistor in which interconnect
structure 550 is electrically connected to each of well 520,
well connections 530, and gate structure 540. In some
embodiments, well 520, well connections 530, gate structure
540, and interconnect structure 550 are configured as a
dummy field-effect transistor (FET). In some embodiments,
well 520, well connections 530, gate structure 540, and
interconnect structure 550 are configured as a dummy p-type
metal oxide semiconductor (PMOS) transistor or a dummy
n-type metal oxide semiconductor (NMOS) transistor.

[0091] The configuration of IC structure 500 enables the
formation of a low thermal resistance path from a well 520
within a substrate region 510 to an overlying pad structure
560. This configuration enables the benefits of a separate
low thermal resistance path described above by using IC
structural elements and processes that are also used to form
functional circuit elements. The benefits are thereby
achieved without the need for additional structural designs
or processes.

[0092] FIG. 6 is a schematic diagram of an IC structure
600, in accordance with some embodiments. IC structure
600 is a schematic representation of a dummy transistor
usable as IC structure 500, described above with respect to
FIG. 5.

[0093] IC structure 600 includes a gate terminal coupled to
a bulk terminal of the dummy transistor. IC structure 600
further includes a source terminal coupled to the drain
terminal of the dummy transistor. IC structure 600 is con-
figured as a PMOS dummy transistor. In some embodiments,
IC structure 600 is configured as an NMOS dummy tran-
sistor. Other configurations of the source, drain, gate or bulk
terminals of dummy transistor of IC structure 600 are within
the scope of the present disclosure.

[0094] FIG. 7 is a flowchart of a method 700 of transfer-
ring heat in a package, in accordance with one or more
embodiments. In some embodiments, method 700 is imple-
mented to transfer heat in one or more of IC structures 100,
200, 300, 400, 500, or 600, discussed above. In some
embodiments, transferring heat in the package includes
transferring heat in an InFO package. In some embodiments,
operations in addition to those depicted in FIG. 7 are
performed before, between and/or after the operations
depicted in FIG. 7.

[0095] At operation 710, in some embodiments, heat is
conducted to a surface of an IC chip using a low thermal
resistance path in the IC chip. In some embodiments, the low
thermal resistance path is electrically isolated from one or
more electrical signal paths in the IC chip.

[0096] Insome embodiments, operation 710 includes con-
ducting heat using a low thermal resistance path in IC chip
132, described above with respect to package structure 100
and FIG. 1. In some embodiments, operation 710 includes
conducting heat using method 800, described below with
respect to FIG. 8.
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[0097] At operation 720, the IC chip is electrically
coupled to an electrically conductive signal structure in the
first package layer. In some embodiments, electrically cou-
pling the IC chip to the electrically conductive signal
structure in the first package layer of operation 720 includes
sending a voltage signal or a current signal to the electrically
conductive signal structure.

[0098] In some embodiments, electrically coupling the IC
chip to the electrically conductive signal structure of opera-
tion 720 includes electrically coupling IC chip 132 to the
electrically conductive signal structure 122, described above
with respect to package structure 100 and FIG. 1.

[0099] At operation 730, the electrically conductive signal
structure is electrically coupled to a printed circuit board
attached to a surface of the first package layer opposite the
chip layer. In some embodiments, electrically coupling the
electrically conductive signal structure to the printed circuit
board of operation 730 includes sending a voltage signal or
a current signal to the printed circuit board.

[0100] In some embodiments, electrically coupling the
electrically conductive signal structure to the printed circuit
board of operation 730 includes electrically coupling the
electrically conductive signal structure 122 to the printed
circuit board 110, described above with respect to package
structure 100 and FIG. 1. In some embodiments, first ther-
mal conduction structure 124 is electrically isolated from
electrically conductive signal structure 122 in first package
layer 120.

[0101] At operation 740, heat is conducted from an IC
chip positioned in a chip layer of the package to a first
package layer of the package. In some embodiments, the
first package layer is next to the chip layer. In some
embodiments, conducting heat to the first package layer of
the package includes conducting heat to a first thermal
conduction structure electrically isolated from electrical
signal paths of the IC chip, the first thermal conduction
structure being positioned in the first package layer.

[0102] In some embodiments, conducting heat to the first
package layer of the package of operation 740 includes
conducting heat from IC chip 132 to the first thermal
conduction structure 124 of the first package layer 120,
described above with respect to package structure 100 and
FIG. 1.

[0103] At operation 750, heat is conducted from the first
package layer of the package to a through-via positioned in
the chip layer of the package. In some embodiments, con-
ducting heat from the first package layer of the package to
the through-via of operation 750 includes conducting heat
from the first thermal conduction structure 124 to the
through-via 136 positioned in the chip layer 130. In some
embodiments, the through-via is one through-via of a plu-
rality of through-vias, and conducting heat using the
through-via includes conducting heat using each through-via
of the plurality of through-vias.

[0104] In some embodiments, conducting heat from the
first package layer of the package to the through-via of
operation 750 includes conducting heat from first package
layer 120 to through-via 136 positioned in chip layer 130 of
package structure 100, described above with respect to
package structure 100 and FIG. 1.

[0105] At operation 760, heat is conducted from the
through-via to a surface of the second package layer oppo-
site the chip layer. In some embodiments, conducting heat
from the through-via to the surface of the second package
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layer of operation 760 includes conducting heat from the
through-via to a second thermal conduction structure, and
conducting heat from the second thermal conduction struc-
ture to the surface of the second package layer.

[0106] In some embodiments, conducting heat from the
through-via 136 to the surface 143 of the second package
layer 140 of operation 760 includes conducting heat from
through via 136 to second thermal conduction structure 142,
and conducting heat from second thermal conduction struc-
ture 142 to surface 143 of second package layer 140,
described above with respect to package structure 100 and
FIG. 1.

[0107] At operation 770, in some embodiments, heat is
conducted from the surface of the second package layer to
a heat spreader. In some embodiments, conducting heat from
the surface of the second package layer to the heat spreader
of operation 770 includes conducting heat from second
thermal conduction structure 142 to heat spreader 150,
described above with respect to package structure 100 and
FIG. 1.

[0108] In some embodiments, performing some or all of
operations 710 through 770 includes conducting heat using
a combination of structures in which no structure compo-
nents are used for transmitting electrical signals.

[0109] By transferring heat in a package using a low
thermal resistance path separate from one or more electrical
signal paths, method 700 enables operation with increased
power efficiency compared to approaches in which heat is
conducted without a separate thermal conduction path.
Compared to other approaches, the increased power effi-
ciency enables more compact circuit configurations, thereby
lowering costs and increasing capabilities for a given circuit
size.

[0110] FIG. 8 is a flowchart of a method 800 of transfer-
ring heat in an IC chip, in accordance with one or more
embodiments. In some embodiments, method 800 is imple-
mented to transfer heat in one or more of IC chip 132 or IC
structures 200, 300, 400, 500, or 600, discussed above. In
some embodiments, transferring heat in the IC chip includes
transferring heat in an IC chip that is part of an InFO
package. In some embodiments, operations in addition to
those depicted in FIG. 8 are performed before, between
and/or after the operations depicted in FIG. 8.

[0111] At operation 810, heat is conducted from a first
device to a second device using a low thermal resistance
substrate path. In some embodiments, the second device is
one second device of a plurality of second devices, the low
thermal resistance substrate path is one low thermal resis-
tance substrate path of a plurality of low thermal resistance
substrate paths, and conducting heat from the first device to
the second device using the low thermal resistance substrate
path of operation 810 includes conducting heat from first
device to the plurality of second devices using the plurality
of low thermal resistance substrate paths.

[0112] In some embodiments, conducting heat from the
first device to the second device using the low thermal
resistance substrate path of operation 810 includes conduct-
ing heat from first device 210 to second device 220 using
low thermal resistance substrate path 215, described above
with respect to IC structure 200 and FIG. 2. In some
embodiments, conducting heat from the first device to the
second device using the low thermal resistance substrate
path of operation 810 includes conducting heat from circuit
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components 410 to IC structure 300, described above with
respect to IC structures 300 and 400 and FIGS. 3 and 4.

[0113] At operation 820, heat is conducted from the sec-
ond device to a top surface of the IC chip using a low
thermal resistance path. In some embodiments, the low
thermal resistance path of method 800 is electrically isolated
from an electrical signal path that is electrically connected to
the first device. In some embodiments, the low thermal
resistance path is one low thermal resistance path of a
plurality of low thermal resistance paths and conducting heat
using the low thermal resistance path includes conducting
heat using the plurality of low thermal resistance paths.

[0114] In some embodiments, conducting heat from the
second device to the top surface of the IC chip using the low
thermal resistance path of operation 820 includes conducting
heat from second device 220 to top surface 2008 using low
thermal resistance path 222, described above with respect to
IC structure 200 and FIG. 2. In some embodiments, con-
ducting heat from the second device to the top surface of the
IC chip using the low thermal resistance path of operation
820 includes conducting heat using one or more of vertical
heat sinks 301-305, described above with respect to IC
structure 300 and FIG. 3.

[0115] In some embodiments, conducting heat from the
second device to the top surface of the IC chip using the low
thermal resistance path of operation 820 includes conducting
heat from substrate connections 530 to pad structure 560
using interconnect structure 540, described above with
respect to IC structure 500 and FIG. 5. In some embodi-
ments, conducting heat from the second device to the top
surface of the IC chip using the low thermal resistance path
of operation 820 includes conducting heat using IC structure
600, described above with respect to FIG. 6.

[0116] By transferring heat in an IC chip using a low
thermal resistance path separate from one or more electrical
signal paths, method 800 enables operation with increased
power efficiency compared to approaches in which heat is
conducted without a separate thermal conduction path.
Compared to other approaches, the increased power effi-
ciency enables more compact circuit configurations, thereby
lowering costs and increasing capabilities for a given circuit
size.

[0117] FIG. 9 is a flowchart of a method 900 of forming
apackage structure, in accordance with one or more embodi-
ments. Method 900 is implemented to manufacture an IC
package structure such as package structure 100, discussed
above with respect to FIG. 1, and thereby obtains the
benefits described above with respect to package structure
100.

[0118] The sequence in which the operations of method
900 are depicted in FIG. 9 is for illustration only; the
operations of method 900 are capable of being executed in
sequences that differ from that depicted in FIG. 9. In some
embodiments, operations in addition to those depicted in
FIG. 9 are performed before, between and/or after the
operations depicted in FIG. 9.

[0119] At operation 910, a first low thermal resistance
structure is formed in a first package layer of an IC package.
Forming the first low thermal resistance structure of opera-
tion 910 includes forming the first low thermal resistance
structure having a low thermal resistance interface to an IC
chip of the IC package. Forming the first low thermal
resistance structure of operation 910 includes forming the
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first low thermal resistance structure electrically isolated
from one or more electrical signal paths in the first package
layer.

[0120] In some embodiments, forming the first low ther-
mal resistance structure in the first package layer of the IC
package of operation 910 includes forming a first low
thermal resistance structure in a first package layer of an
InFO package.

[0121] In some embodiments, forming the first low ther-
mal resistance structure in the first package layer of the IC
package of operation 910 includes forming first low thermal
resistance structure 124 in first package layer 120 of package
structure 100, described above with respect to FIG. 1.
[0122] At operation 920, a through-via is formed in a chip
layer of the IC package. Forming the through-via of opera-
tion 920 includes forming the through-via having a low
thermal resistance interface to the first low thermal resis-
tance structure in the first package layer. In some embodi-
ments, forming the through-via of operation 920 includes
forming a plurality of through-vias in one or more chip
layers of the IC package. In some embodiments, forming the
through-via of operation 920 includes forming a TIV of an
InFO package.

[0123] In some embodiments, forming the through-via in
the chip layer of the IC package of operation 920 includes
forming through-via 136 in chip layer 130 of package
structure 100, described above with respect to FIG. 1.

[0124] At operation 930, a second low thermal resistance
structure is formed in a second package layer of the IC
package. Forming the second low thermal resistance struc-
ture in the second package layer of the IC package of
operation 930 includes forming a low thermal resistance
interface with the through-via. In some embodiments, form-
ing the second low thermal resistance structure in the second
package layer of the IC package of operation 930 includes
forming a low thermal resistance interface with a heat
spreader.

[0125] In some embodiments, forming the second low
thermal resistance structure in the second package layer of
the IC package of operation 930 includes forming a second
low thermal resistance structure in a second package layer of
an InFO package.

[0126] In some embodiments, forming the second low
thermal resistance structure in the second package layer of
the IC package of operation 930 includes forming second
low thermal resistance structure 142 in second package layer
140 of package structure 100, described above with respect
to FIG. 1.

[0127] FIG. 10 is a flowchart of a method 1000 of forming
an IC structure, in accordance with one or more embodi-
ments. Method 1000 is usable as operation 910, described
above with respect to method 900 and FIG. 9. Method 1000
is implemented to manufacture an IC structure such as IC
structure 200, described above with respect to FIG. 2, and
thereby obtains the benefits described above with respect to
1C structure 200.

[0128] The sequence in which the operations of method
1000 are depicted in FIG. 10 is for illustration only; the
operations of method 1000 are capable of being executed in
sequences that differ from that depicted in FIG. 10. In some
embodiments, operations in addition to those depicted in
FIG. 10 are performed before, between and/or after the
operations depicted in FIG. 10.
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[0129] At operation 1010, a first device is formed in a
substrate of an IC chip. In some embodiments, forming the
first device in the substrate of the IC chip of operation 1010
includes forming an electrical signal path that is electrically
connected to the first device. In some embodiments, forming
the first device in the substrate of the IC chip of operation
1010 includes forming first device 210 in substrate 200A,
described above with respect to IC structure 200 and FIG. 2.
In some embodiments, forming the first device in the sub-
strate of the IC chip of operation 1010 includes forming
circuit components 410, described above with respect to IC
structure 400 and FIG. 4.

[0130] At operation 1020, a second device is formed in the
substrate of the IC chip. Forming the second device of
operation 1020 includes forming the second device having a
low thermal resistance substrate path to the first device. In
some embodiments, forming the second device of operation
1020 includes forming a plurality of second devices, each
second device of the plurality of second devices having a
low thermal resistance substrate path to the first device.

[0131] In some embodiments, forming the second device
in the substrate of the IC chip of operation 1020 includes
forming second device 220 in substrate 200A, described
above with respect to IC structure 200 and FIG. 2. In some
embodiments, forming the second device in the substrate of
the IC chip of operation 1020 includes forming substrate
connections 530 and gate structure 540 in substrate 510,
described above with respect to IC structure 500 and FIG. 5.

[0132] At operation 1030, a low thermal resistance struc-
ture is formed from the second device to a top surface of the
IC chip. The low thermal resistance structure of operation
1030 is formed to provide a low thermal resistance path from
the second device to the top surface of the IC. In some
embodiments, forming the low thermal resistance path of
operation 1030 includes forming the low thermal resistance
path to be electrically isolated from an electrical signal path
that is electrically connected to the first device. In some
embodiments, forming the low thermal resistance structure
of operation 1030 includes forming a plurality of low
thermal resistance structures, each low thermal resistance
structure of the plurality of low thermal resistance structures
providing a low thermal resistance path from a second
device to the top surface of the IC chip.

[0133] In some embodiments, forming the low thermal
resistance structure from the second device to the top surface
of the IC chip of operation 1030 includes forming low
thermal resistance structure 222 from second device 220 to
surface 200S, described above with respect to IC structure
200 and FIG. 2. In some embodiments, forming the low
thermal resistance structure from the second device to the
top surface of the IC chip of operation 1030 includes
forming one or more of vertical heat sinks 301-305,
described above with respect to IC structure 300 and FIG. 3.

[0134] In some embodiments, forming the low thermal
resistance structure from the second device to the top surface
of the IC chip of operation 1030 includes forming intercon-
nect structure 550 from substrate connections 530 and gate
structure 540 to pad structure 560, described above with
respect to IC structure 500 and FIG. 5. In some embodi-
ments, forming the low thermal resistance structure from the
second device to the top surface of the IC chip of operation
1030 includes forming IC structure 600, described above
with respect to FIG. 6.
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[0135] Each of the various embodiments thereby estab-
lishes one or more low thermal resistance thermal paths that
are separate from electrical signal paths and facilitate heat
flow from locations at which heat is generated in IC circuits.
By providing separate low thermal resistance paths, the
various embodiments enable efficient power dissipation and
small circuit sizes.

[0136] In some embodiments, a method of transferring
heat in a package includes conducting heat from a first
device to a second device by a low thermal resistance
substrate path in a chip layer of the package, conducting heat
from an integrated circuit (IC) to a first package layer of the
package, conducting heat from the first package layer of the
package to at least a first set of through-vias positioned in the
chip layer, and conducting heat from the first set of through-
vias to a surface of a second package layer opposite the chip
layer. The first device and the second device is part of the IC
chip. The first package layer is adjacent to the chip layer.

[0137] Insome embodiments, a package structure includes
a first package layer including an electrical signal structure
and a first set of redistribution lines electrically isolated from
the electrical signal structure, a second package layer includ-
ing a second set of redistribution lines, a heat spreader over
the second package layer, and a chip layer between the first
package layer and the second package layer. In some
embodiments, the chip layer includes a molding material,
and an integrated circuit (IC) chip in the molding material.
In some embodiments, the IC chip is electrically coupled to
the electrical signal structure, and includes a first device and
a second device thermally coupled to the first device by a
first low thermal resistance path. In some embodiments, the
first set of redistribution lines and the second set of redis-
tribution lines are configured as a second low thermal
resistance path from the IC chip to a surface of the second
package layer opposite the chip layer. In some embodiments,
the second package layer is over the first package layer.

[0138] Insome embodiments, a package structure includes
a first package layer including an electrical signal structure,
a first thermal conduction structure and a second thermal
conduction structure. In some embodiments, the first thermal
conduction structure and the second thermal conduction
structure is electrically isolated from the electrical signal
structure. In some embodiments, the package structure fur-
ther includes a second package layer over the first package
layer, and a chip layer over the first package layer. In some
embodiments, the chip layer includes an integrated circuit
(IC) chip electrically coupled to the electrical signal struc-
ture. In some embodiments, the package structure further
includes a first set of through-vias coupled to the first
thermal conduction structure, and extending through at least
the chip layer and the second package layer. In some
embodiments, the package structure further includes a sec-
ond set of through-vias coupled to the second thermal
conduction structure, extending through at least the chip
layer and the second package layer, and being separated
from the first set of through vias in a first direction. In some
embodiments, the first thermal conduction structure and the
first set of through-vias are configured as a first low thermal
resistance path from the IC chip to a surface of the second
package layer opposite the chip layer. In some embodiments,
the second thermal conduction structure and the second set
of through-vias are configured as a second low thermal
resistance path from the IC chip to the surface of the second
package layer.
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[0139] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
What is claimed is:
1. A method of transferring heat in a package, the method
comprising:
conducting heat from a first device to a second device by
a low thermal resistance substrate path in a chip layer
of the package, the first device and the second device
being part of an integrated circuit (IC) chip;

conducting heat from the IC chip to a first package layer
of the package, the first package layer being adjacent to
the chip layer;

conducting heat from the first package layer of the pack-

age to at least a first set of through-vias positioned in
the chip layer; and

conducting heat from the first set of through-vias to a

surface of a second package layer opposite the chip
layer.

2. The method of claim 1, wherein conducting heat from
the first set of through-vias to the surface of the second
package layer comprises:

conducting heat from the first set of through-vias to a

second thermal conduction structure in the second
package layer of the package; and

conducting heat from the second thermal conduction

structure to the surface of the second package layer.

3. The method of claim 2, further comprising:

conducting heat from the surface of the second package

layer to a heat spreader, the heat spreader being coupled
to the surface of the second package layer.

4. The method of claim 3, wherein conducting heat from
the surface of the second package layer to the heat spreader
comprises:

conducting heat from the second thermal conduction

structure to the heat spreader.

5. The method of claim 1, wherein conducting heat from
the first package layer of the package comprises:

conducting heat from a first thermal conduction structure

to the first set of through-vias positioned in the chip
layer, the first thermal conduction structure being elec-
trically isolated from electrical signal paths of the IC
chip, being positioned in the first package layer, and
being coupled to the first set of through-vias.

6. The method of claim 1, further comprising:

conducting heat to a top surface of the IC chip by a low

thermal resistance path in the IC chip, the low thermal
resistance path being electrically isolated from electri-
cal signal paths of the IC chip.

7. The method of claim 6, wherein conducting heat to the
top surface of the IC chip comprises:

conducting heat from the second device to the top surface

of the IC chip by the low thermal resistance path in the
IC chip.
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8. The method of claim 1, further comprising:

electrically coupling the IC chip to an electrically con-
ductive signal structure in the first package layer,

wherein the electrically conductive signal structure is
electrically isolated from a first thermal conduction
structure positioned in the first package layer.

9. The method of claim 8, further comprising:

electrically coupling the electrically conductive signal
structure to a printed circuit board coupled to a surface
of the first package layer opposite the chip layer.

10. A package structure comprising:

a first package layer comprising an electrical signal struc-
ture and a first set of redistribution lines electrically
isolated from the electrical signal structure;

a second package layer comprising a second set of redis-
tribution lines, and the second package layer being over
the first package layer;

a heat spreader over the second package layer;

a chip layer between the first package layer and the second
package layer, the chip layer comprising:

a molding material; and

an integrated circuit (IC) chip in the molding material,
and being electrically coupled to the electrical signal
structure, the IC chip comprising:

a first device and a second device thermally coupled
to the first device by a first low thermal resistance
path,

wherein the first set of redistribution lines and the second
set of redistribution lines are configured as a second
low thermal resistance path from the IC chip to a
surface of the second package layer opposite the chip
layer.

11. The package structure of claim 10, further comprising:

a set of through-vias extending through the chip layer and
the second package layer to the surface of the second
package layer opposite the chip layer,

wherein the set of through-vias are configured as part of
the second low thermal resistance path from the IC chip
to the surface of the second package layer opposite the
chip layer.

12. The package structure of claim 10, further comprising:

a printed circuit board (PCB) coupled to a surface of the
first package layer opposite the chip layer.

13. The package structure of claim 12, further comprising:

a set of electrical connectors on the surface of the first
package layer opposite the chip layer, and being
coupled to the electrical signal structure; and

a set of under-bump metallurgies (UBMs) positioned
between the PCB and the set of electrical connectors,

wherein the set of electrical connectors and the set of
UBMs electrically couple the PCB to the electrical
signal structure.

14. The package structure of claim 10, wherein the IC

chip further comprises:

an electrical signal path from the first device to a first
surface of the IC chip, the electrical signal path being
electrically coupled to the electrical signal structure,
and the electrical signal structure extending through the
first package layer.

15. The package structure of claim 14, wherein the IC

chip further comprises:
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a third low thermal resistance path extending from the
second device to the first surface of the IC chip, the
third low thermal resistance path being thermally
coupled to the first set of redistribution lines.

16. The package structure of claim 15, wherein

the first device and the electrical signal path are part of an
integrated voltage regulator;

the second device comprises a dummy transistor com-
prising a gate, a source, and a drain; and

the third low thermal resistance path is thermally coupled
to each of the gate, the source, and the drain by a
corresponding third low thermal resistance path.

17. A package structure comprising:

a first package layer comprising an electrical signal struc-
ture, a first thermal conduction structure and a second
thermal conduction structure, the first thermal conduc-
tion structure and the second thermal conduction struc-
ture being electrically isolated from the electrical signal
structure;

a second package layer over the first package layer;

a chip layer over the first package layer, the chip layer
comprising:
an integrated circuit (IC) chip electrically coupled to

the electrical signal structure;

a first set of through-vias coupled to the first thermal
conduction structure, and extending through at least the
chip layer and the second package layer; and

a second set of through-vias coupled to the second ther-
mal conduction structure, extending through at least the
chip layer and the second package layer, and being
separated from the first set of through-vias in a first
direction,

wherein the first thermal conduction structure and the first
set of through-vias are configured as a first low thermal
resistance path from the IC chip to a surface of the
second package layer opposite the chip layer, and

the second thermal conduction structure and the second
set of through-vias are configured as a second low
thermal resistance path from the IC chip to the surface
of the second package layer.

18. The package structure of claim 17, further comprising:
a heat spreader over the second package layer; and

a set of under-bump metallurgies (UBMs) positioned
between the heat spreader and the second package
layer.

19. The package structure of claim 17, further comprising:

a set of under-bump metallurgies (UBMs) coupled to the
first package layer; and

a printed circuit board (PCB) electrically coupled to the
electrical signal structure by at least the set of UBMs.

20. The package structure of claim 17, wherein the second

package layer comprises:

a set of thermal conduction structures extending in the
first direction, and being coupled to the first set of
through-vias and the second set of through-vias.
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