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(57) ABSTRACT

A microcooler device and formation thereof. The micro-
cooler device includes: a first set of fins having a first fin
width; a second set of fins having a second fin width,
wherein the first set of fins alternate between the second set
of fins; and a set of channels located between the first set of
fins and the second set of fins.
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DOUBLE PATTERNED MICROCOOLER
HAVING ALTERNATING FIN WIDTHS

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to the field
of copper microcoolers, and more particularly to double
patterned copper microcoolers having alternating fin widths.
[0002] A microcooler is a cooling device that reduces the
temperature of electronic components, such as integrated
circuits (ICs) or processors. For example, a microcooler can
be employed in a liquid cooling system, in which a coolant
fluid is passed through the microcooler to maintain a tem-
perature of one or more electronic components within a
certain temperature range and/or to reduce a temperature of
the one or more electronic components.

SUMMARY

[0003] According to one embodiment of the present inven-
tion, a microcooler device is provided. The microcooler
device includes a first set of fins having a first fin width. The
microcooler device further includes a second set of fins
having a second fin width. The first set of fins alternate
between the second set of fins. The microcooler device
further includes a set of channels located between the first
set of fins and the second set of fins.

[0004] According to another embodiment of the present
invention, a method of forming a microcooler device is
disclosed. The method includes forming a first set of fins in
a copper substrate. Forming the first set of fins in the copper
substrate further results in forming a first set of channels
located between the first set of fins. The method further
includes forming a second set of fins in the first set of
channels. The first set of fins have a first fin width, and the
second set of fins have a second fin width.

[0005] According to another embodiment of the present
invention, a microcooler device is disclosed. The micro-
cooler device includes a set of composite fins. The set of
composite fins include a first material, and a second material
formed on a surface of the first material. The microcooler
further includes a set of channels located between the set of
composite fins.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0006] The following detailed description, given by way
of example and not intend to limit the disclosure solely
thereto, will best be appreciated in conjunction with the
accompanying drawings, in which:

[0007] FIG. 1 illustrates a cross-sectional view depicting a
substrate 110 used to form a microcooler device in accor-
dance with at least one embodiment of the present invention.
[0008] FIG. 2 illustrates a cross-sectional view of the
structure depicted in FIG. 1 after subsequent processing
steps, generally designated 200, in accordance with at least
one embodiment of the present invention.

[0009] FIG. 3 illustrates a cross-sectional view of the
structure depicted in FIG. 2 after subsequent processing
steps, generally designated 300, in accordance with at least
one embodiment of the present invention.

[0010] FIG. 4 illustrates a cross-sectional view of the
structure depicted in FIG. 3 after subsequent processing
steps, generally designated 400, in accordance with at least
one embodiment of the present invention.
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[0011] FIG. 5 illustrates a cross-sectional view of the
structure depicted in FIG. 4 after subsequent processing
steps, generally designated 500, in accordance with at least
one embodiment of the present invention.

[0012] FIG. 6 illustrates a cross-sectional view of the
structure depicted in FIG. 5 after subsequent processing
steps, generally designated 600, in accordance with at least
one embodiment of the present invention.

[0013] When viewed as ordered combinations, FIGS. 1-6
illustrate both (i) copper microcooler devices and (ii) the
methods for forming such copper microcooler devices, in
accordance with illustrative embodiments.

[0014] The drawings are not necessarily to scale. The
drawings are merely schematic representations, not intended
to portray specific parameters of the invention. The drawings
are intended to depict only typical embodiments of the
invention. In the drawings, like numbering represents like
elements.

DETAILED DESCRIPTION

[0015] Embodiments of the present invention provide for
a double patterned copper microcooler device having alter-
nating fin widths and methods of forming a double patterned
copper microcooler device having alternating fin widths.
[0016] Embodiments of the present invention recognize
that in order to reduce thermal resistance in current copper
microcoolers, the channel/fin width can be reduced. For
example, reducing the channel width from 250 um to 100
um and the fin width from 250 pm to 50 pm in a copper
microcooler may result in approximately a 40 percent reduc-
tion in thermal resistance, up to a three degree gain in chip
temperature for conventional shaped microcooler fins, and
up to a six degree gain in chip temperature for unconven-
tional shaped copper microcoolers (e.g., trapezoidal-shaped
fins or pin-shaped fins). Such dimensions may be achieved
via silicon/copper hybrid microcoolers, but at the increased
cost of silicon processing and multiple wafer bonding.
However, the ability to achieve such narrowed channel/fin
widths in copper microcoolers is ultimately limited by
current copper micromachining techniques.

[0017] Embodiments of the present invention provide for
a copper microcooler device, and methods for forming a
copper microcooler device that provide for improved ther-
mal characteristics and reduced channel/fin widths as com-
pared to conventional copper microcoolers fabricated by
current copper micromachining techniques. By reducing the
fin width of every other fin of a copper microcooler in
accordance with embodiments of the present invention, the
number of channels that can be formed within the same sized
copper microcooler is increased nearly two-fold.

[0018] In an embodiment, a copper microcooler cooler is
formed having alternating fin widths, thereby allowing for a
copper microcooler having narrower channel widths (e.g.,
~100 um) than can be achieved via current copper micro-
machining techniques. The copper microcooler is fabricated
by forming (e.g., via micromachining) a first set of fins
within a copper substrate. A first set of channels, located
between the first set of fins, are also formed as a result of
forming the first set of fins within the copper substrate. An
alternative metal (other than copper) or alternative metal
compound (that does not include copper) is then deposited
on top of the surfaces of the first set of fins (and optionally
onto a bottom surface of the first set of channels formed
between the first set of fins). Copper is then deposited on top
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of the surfaces of the alternate metal or alternate metal
compound formed on the surfaces of the first set of fins (and
optionally onto the alternative metal if formed onto the
bottom surface of the first set of channels) until the first set
of channels are filled with copper. Excess copper deposited
on top of the surfaces of the alternate metal or alternate
metal compound is removed (e.g., via polishing) until the
top surface of the first set of fins is exposed. The alternative
metal or alternative metal compound is then selectively
removed (e.g., via selective wet etching) to form a second
set of fins that alternate between the first set of fins. As a
result of the formation of a microcooler having alternating
fin widths, a finer channel width (e.g., ~100 um) is achieved.
By achieving narrower channel widths, the surface area of
the copper microcooler of the present invention is increased,
thereby reducing thermal resistance of neighboring elec-
tronic components.

[0019] Exemplary embodiments now will be described
more fully herein with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. In the
following detailed description, numerous specific details are
set forth in order to provide a thorough understanding of
various embodiments of the invention. However, it is to be
understood that embodiments of the invention may be
practiced without these specific details. As such, this dis-
closure may be embodied in many different forms and
should not be construed as limited to the exemplary embodi-
ments set forth herein. Rather, these exemplary embodi-
ments are provided so that this disclosure will be thorough
and complete and will fully convey the scope of this
disclosure to those skilled in the art. In the description,
details of well-known features and techniques may be omit-
ted to avoid unnecessarily obscuring the presented embodi-
ments.

[0020] As described below, in conjunction with FIGS. 1-6,
embodiments of the present invention include copper micro-
cooler devices and methods of forming such copper micro-
cooler devices, and in particular, copper microcooler devices
having alternating fin widths. The methods described below
in conjunction with FIGS. 1-6 may be incorporated into
typical copper microcooler fabrication processes, such as
fabrication processes. As such, when viewed as ordered
combinations, FIGS. 1-6 illustrate methods for forming
copper microcooler devices having alternating fin widths to
achieve a narrower channel width, and thus improved ther-
mal resistance of copper microcooler devices in accordance
with illustrative embodiments.

[0021] For purposes of the description hereinafter, terms
such as “upper”, “lower”, “right”, “left”, “vertical”, “hori-
zontal”, “top”, “bottom”, and derivatives thereof shall relate
to the disclosed structures and methods, as oriented in the
drawing figures. Terms such as “above”, “overlying”,
“atop”, “on top”, “positioned on” or “positioned atop” mean
that a first element, such as a first structure, is present on a
second element, such as a second structure, wherein inter-
vening elements, such as an interface structure may be
present between the first element and the second element.
The term “direct contact” means that a first element, such as
a first structure, and a second element, such as a second
structure, are connected without any intermediary conduct-
ing, insulating or semiconductor layers at the interface of the
two elements.

[0022] In the interest of not obscuring the presentation of
embodiments of the present invention, in the following
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detailed description, some processing steps or operations
that are known in the art may have been combined together
for presentation and for illustration purposes and in some
instances may have not been described in detail. In other
instances, some processing steps or operations that are
known in the art may not be described at all. It should be
understood that the following description is focused on the
distinctive features or elements of various embodiments of
the present invention.

[0023] As used herein, terms such as “depositing,” “form-
ing,” and the like may refer to the disposition of layers, or
portions of materials, in accordance with a given embodi-
ment. Such processes may or may not be different than those
used in the standard practice of the art of microcooler device
fabrication. Such processes include, but are not limited to,
atomic layer deposition (ALD), molecular layer deposition
(MLD), chemical vapor deposition (CVD), low-pressure
chemical vapor deposition (LPCVD), plasma enhanced
chemical vapor deposition (PECVD), limited reaction pro-
cessing CVD (LRPCVD), ultrahigh vacuum chemical vapor
deposition (UHVCVD), metalorganic chemical vapor depo-
sition (MOCVD), physical vapor deposition, sputtering,
plating, electroplating, evaporation, ion beam deposition,
electron beam deposition, laser assisted deposition, chemi-
cal solution deposition, or any combination of those meth-
ods.

[0024] As used herein, terms, such as “forming,” and the
like, may refer to processes that alter the structure and/or
composition of one or more layers of material or portions of
materials in accordance with a given embodiment. For
example, such formation processes may include, but are not
limited to, exposure to a specific frequency or range of
frequencies of electromagnetic radiation, ion implantation
techniques, and/or chemical/mechanical polishing (CMP).
As used herein, terms, such as “forming,” and the like, may
refer to processes that alter the structure of one or more
layers of material, or portions of material(s), by removal of
a quantity of material, in accordance with a given embodi-
ment. For example, such formation processes may include,
but are not limited to, micromachining, microetching, wet
and/or dry etching processes, plasma etching processes, or
any of the known etching processes in which material is
removed.

[0025] Those skilled in the art understand that many
different techniques may be used to add, remove, and/or alter
various materials, and portions thereof, and that embodi-
ments of the present invention may leverage combinations
of such processes to produce the structures disclosed herein
without deviating from the scope of the present invention.
[0026] The present invention will now be described in
detail with reference to the Figures. FIGS. 1-6 include
various cross-sectional views depicting illustrative steps of
a method for manufacturing copper microcooler devices and
the resulting copper microcooler devices according to select
embodiments of the present invention. One having ordinary
skill in the art will appreciate that there are many options
available for the formation of the structures described herein
and that the following discussion does not limit embodi-
ments to only the techniques described herein.

[0027] Referring now to FIG. 1, FIG. 1 illustrates a
cross-sectional view depicting a substrate 110 used to form
a microcooler device in accordance with at least one
embodiment of the present invention. At an initial fabrica-
tion stage, a bulk microcooler substrate, such as substrate
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110 is provided. As depicted in FIG. 1, substrate 110 is
copper. However, it should be appreciated that substrate 110
can be any metal or metal compound (preferably a metal or
metal compound that has good thermal conductivity) suit-
able for forming a microcooler device.

[0028] FIG. 2 illustrates a cross-sectional view depicting
formation of a first set of fins 220A-220N and a first set of
channels 230A-230N within substrate 110, generally desig-
nated 200, in accordance with at least one embodiment of
the present invention. First set of fins 220A-220N may be
formed within substrate 110 by any known material removal
techniques. For example, a mask may be formed upon the
upper surface of substrate 110. The mask may be patterned
to expose underlying portions of substrate 110 while pro-
tecting other underlying portions of substrate 110. The
exposed portions of substrate 110 are removed (e.g., via
micromachining, wet, and/or dry etching) and the protected
portions of substrate 110 are retained to form first set of fins
220A-220N. Subsequently, the mask is removed from first
set of fins 220A-220N. The corresponding areas of substrate
110 removed to form first set of fins 220A-220N also results
in the formation of first set of channels 230A-230N between
first set of fins 220A-220N, respectively.

[0029] As depicted in FIG. 2, first set of fins 220A-220N
are shaped as longitudinal rectangular shaped fins. However,
it should be appreciated that in other embodiments of the
present invention, first set of fins 220A-220N can be formed
having any known type of fin shape including, but not
limited to, pin-shaped fins, trapezoidal-shaped fins, and
diamond-shaped fins. Additionally, it should be appreciated
that first set of fins 220A-220N can include any number of
fins, and first set of channels 230A-230N can include any
number of channels.

[0030] First set of fins 220A-220N and first set of channels
230A-230N are formed from substrate 110. Accordingly,
first set of fins 220A-220N and first set of channels 230A-
230N are formed from the same material. As depicted in
FIG. 2, substrate 110 is copper. Accordingly, first set of fins
220A-220N and first set of channels 230A-230N formed
from substrate 110 are also copper. However, it should be
appreciated that substrate 110 (and thus first set of fins
220A-220N and first set of channels 230A-230N formed
from substrate 110) can be any type of metal or metal
compound (preferably one that has good thermal conduc-
tivity) suitable for forming microcooler fins and channels.

[0031] In an embodiment, an initial width (X) of first set
of channels 230A-230N is 150 um and a width (Y) of first
set of fins is 150 um. In an embodiment, the initial width (X)
of first set of channels is 250 um and a width (Y) of first set
of fins is 150 um. In an embodiment, the width (X) of first
set of channels are greater than or equal to 150 um and less
than or equal to 250 pm. In an embodiment the width (Y) of
first set of channels is greater than or equal to 150 um and
less than or equal to 200 um. However, it should be
appreciated that embodiments of the present invention are
not limited to the previously listed widths (X) of first set of
channels 230A-230N and widths (Y) of first set of fins
220A-220N, respectively.

[0032] FIG. 3 illustrates a cross-sectional view of the
structure depicted in FIG. 2 after subsequent processing
steps, generally designated 300, in accordance with at least
one embodiment of the present invention. As depicted in
FIG. 3, metal liner layer 340 is formed (e.g., via atomic layer
deposition, chemical vapor deposition, plating, electroplat-
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ing, or any other suitable deposition techniques) on the
surfaces of first set of fins 220A-220N and first set of
channels 230A-230N, respectively. Specifically, metal liner
layer 340 is formed on a top surface 302, a first sidewall
surface 304, and a second sidewall surface 306 of first set of
fins 220A-220N, respectively, and on a bottom surface 308
of first set of channels 230A-230N, respectively. In an
embodiment, metal liner layer 340 is aluminum (Al) or
nickel (N1). In an embodiment, substrate 110 is copper and
metal liner layer 340 is aluminum. In an embodiment,
substrate 110 is copper and metal liner layer 340 is nickel.
However, it should be appreciated that metal liner layer 340
can be any known metal or metal compound (preferably one
that has good thermal conductivity) that is distinct from the
material of substrate 110. For example, if substrate 110 is
copper, than metal liner layer 340 can be any metal (pref-
erably one that has good thermal conductivity) other than
copper. In another example, if substrate 110 is copper, than
metal liner layer 340 can be any type of metal compound
(preferably one that has good thermal conductivity) that
does not include copper.

[0033] The formation of metal liner layer 340 on the
surfaces of first set of fins 220A-220N results in the forma-
tion of a composite fin formed from the materials of sub-
strate 110 and metal liner layer 340. In an embodiment, first
set of fins 220A-220N are composite fins formed from a first
metal (e.g., substrate 110) and a second, different metal (e.g.,
metal liner layer 340). For example, if substrate 110 is
copper and metal liner layer 340 is aluminum, then first set
of fins 220A-220N are formed as a copper and aluminum
composite fin. In an embodiment, if substrate 110 is copper
and metal liner layer 340 is nickel, then first set of fins
220A-220N are formed as a copper and nickel composite fin.
It should be appreciated that by depositing metal liner layer
340 on the surfaces of first set of fins 220A-220N, a copper
microcooler having narrower channel widths than what is
possible using current micromachining techniques is
achieved.

[0034] In an embodiment, the thickness (T) of metal liner
layer 340 deposited onto top surface 302, first sidewall
surface 304, and second sidewall surface 306 of first set of
fins 220A-220N to form a composite fin is based, at least in
part, on: (i) the initial channel width (X) of first set of
channels 230A-230N, and (ii) a predetermined final channel
width (X') of first set of channels 230A-230N, respectively.

[0035] For example, in an embodiment, the initial channel
width (X) of first set of channels 230A-230N is 200 microm-
eters (W). Accordingly, if a predetermined final channel
width (X') of 100 pm is required, then 50 um of metal liner
layer 340 is deposited onto first sidewall surface 304 and
second sidewall surface 306 of first set of fins 220A-220N,
respectively, to achieve a predetermined final channel width
(X") of 100 um. However, it should be appreciated that
embodiments of the present invention are not limited to
these dimensions.

[0036] FIG. 4 illustrates a cross-sectional view of the
structure depicted in FIG. 3 after subsequent processing
steps, generally designated 400, in accordance with at least
one embodiment of the present invention. As depicted in
FIG. 4, metal filler layer 450 is formed (e.g., via atomic layer
deposition, chemical vapor deposition, plating, electroplat-
ing, or any other suitable deposition techniques) on the
exposed surfaces of metal liner layer 340. Specifically, metal
filler layer 450 is formed such that first set of channels
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230A-230N are filled with metal filler layer 450 until metal
filler layer 450 is at least substantially coplanar with top
surface 302 of first set of fins 220A-220N. As depicted in
FIG. 4, metal filler layer 450 is copper. However, it should
be appreciated that metal filler layer 450 may be any metal
or metallic compound (preferably one that has good thermal
conductivity) that is different than metal liner layer 340. In
an embodiment, metal liner layer 340 is aluminum and metal
filler layer 450 is copper. In an embodiment, metal liner
layer 340 is nickel and metal filler layer 450 is copper.
[0037] In an embodiment, metal filler layer 450 is formed
within and filling first set of channels 230A-230N by depos-
iting a metal or metal compound (preferably one that has
good thermal conductivity) that is different than metal liner
layer 340, followed by a thermal annealing. For example, the
thermal annealing can be a furnace anneal, rapid thermal
anneal, flash anneal, or laser anneal. In an embodiment, for
furnace anneal and rapid thermal anneal, the annealing
temperature can range from 150° C. to 450° C. for furnace
anneal and rapid thermal anneal and the anneal duration can
range from 10 minutes to one hour. In an embodiment, for
flash anneal/laser anneal, the annealing temperature can be
higher (e.g., from 450° C. to 1000° C.), but the anneal
duration is much shorter (e.g., ranging from 100 nanosec-
onds to 100 milliseconds).

[0038] FIG. 5 illustrates a cross-sectional view of the
structure depicted in FIG. 4 after subsequent processing
steps, generally designated 500, in accordance with at least
one embodiment of the present invention. As depicted in
FIG. 5, any excess of metal filler layer 450 formed on a top
surface 342 of metal liner layer 340 (depicted in FIG. 4) and
metal liner layer 340 formed on top surface 302 of first set
of fins 220A-220N (depicted in FIG. 4) has been removed
(e.g., via chemical mechanical planarization (CMP) or “pol-
ishing”, or any other suitable material removal techniques)
until top surface 302 of first set of fins 220A-220N is
exposed. As depicted in FIG. 5, a top surface 344 of metal
liner layer 340 and a top surface 452 of metal filler layer 450
are now substantially coplanar with top surface 302 of first
set of fins 220A-220N.

[0039] FIG. 6 illustrates a cross-sectional view of the
structure depicted in FIG. 5 after subsequent processing
steps, generally designated 600, in accordance with at least
one embodiment of the present invention. As depicted in
FIG. 6, a second set of fins 620A-620N and a second set of
channels 630A-630N are formed by removing (e.g., via
selective etching or any other suitable material removal
techniques) a first portion 544 (depicted in FIG. 5) of metal
liner layer 340 deposited on first sidewall surface 304 and a
second portion 546 (depicted in FIG. 5) of metal liner layer
340 deposited on second sidewall surface 306 of first set of
fins 220A-220N, respectively. It should be noted that second
set of fins 620A-620N correspond to metal filler layer 450
formed on metal liner layer 340 within and filling first set of
channels 230A-230N. Accordingly, second set of fins 620A-
620A are formed from the same material as metal filler layer
450.

[0040] As depicted in FIG. 6, second set of fins 620A-
620N are shaped as longitudinal rectangular shaped fins.
However, it should be appreciated that in other embodiments
of the present invention, second set of fins 620A-620N can
be formed having any known type of fin shape, including,
but not limited to, pin-shaped fins, trapezoidal-shaped fins,
and diamond-shaped fins. Additionally, it should be appre-
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ciated that second set of fins 620A-620N can include any
number of fins, and second set of channels 630A-630N can
include any number of channels.

[0041] In an embodiment, first portion 544 and second
portion 546 of metal liner layer 340 is removed via a piranha
solution (i.e., piranha etch). For example, if metal liner layer
340 is aluminum, and first set of fins 220A-220N and second
set of fins 620A-620N are copper, an etch rate of aluminum
and copper when subjected to a piranha solution is >5200
nm/min and 88 nm/min, respectively. In other words, the
piranha solution will remove first portion 544 and second
portion 546 of metal liner layer 340 (formed from alumi-
num) at a rate that is approximately sixty times faster than
the rate at which the piranha solution will remove first set of
fins 220A-220N (formed from copper) and second set of fins
630A-603N (formed from copper). In another example, if
metal liner layer 340 is nickel, and first set of fins 220A-
220N and second set of fins 620A-620N are copper, an etch
rate of nickel when subjected to a piranha solution is 380
nm/min and 88 nm/min, respectively. In other words, the
piranha solution will remove metal liner layer 340 (formed
from nickel) at a rate that is approximately four times faster
than the rate at which the piranha solution will remove first
set of fins 220A-220N (formed from copper) and second set
of fins 630A-630N (formed from copper). However, it
should be appreciated that embodiments of the present
invention are not limited to selective etching via a piranha
solution, and that any other suitable material removal tech-
niques known in the art may be used to selectively remove
first portion 544 and second portion 546 of metal liner layer
340.

[0042] The remaining bottom portion of metal liner layer
340 forms a spacer 640. As depicted in FIG. 6, spacer 640
is located at a bottom portion of second set of channels
630A-630N. Spacer 640 separates first set of fins 220A-
220N from second set of fins 620A-620N. It should be
appreciated that spacer 640 adds structural support to second
set of fins 220A-220N.

[0043] In an embodiment, the thickness (T) of metal liner
layer 340 (depicted in FIG. 3) previously deposited onto first
sidewall surface 304 and second sidewall surface 306 of fins
220A-220N (as previously described above with reference
to FIG. 3) is based, at least in part, on: (i) an initial channel
width (X) of channels 230A-N (depicted in FIG. 2), (ii) a
predetermined fin width (Q) of fins 620A-620N formed
within channels 630A-N and alternating between fins 220A-
N, respectively, and (iii) a predetermined channel width (R)
for channels 630A-630N formed between fins 220A-220N
and fins 620A-620N, respectively.

[0044] For example, assume that the initial channel width
(X) of first set of channels 230A-230N is 250 pm. Accord-
ingly, if a predetermined fin width (Q) of 50 pum is required
for fins 620A-620N and a predetermined channel width (R)
of 100 um is required for second set of channels 630A-
630N, then 100 pm of metal liner layer 340 is deposited onto
first sidewall surface 304 and second sidewall surface 306
(depicted in FIG. 3) of first set of fins 220A-220N, respec-
tively, to achieve a predetermined fin width (Q) of 50 um for
second set of fins 620A-620N and a predetermined channel
width (R) of 100 um for second set of channels 630A-630N.
First portion 544 and second portion 546 of metal liner layer
340 (depicted in FIG. 5) is then removed to form second set
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of fins 620A-620N having fin width (Q) of 50 um and
second set of channels 630A-630N having a channel width
(R) of 100 pm.

[0045] According to one embodiment of the present inven-
tion, a method of forming a microcooler device is provided,
the method comprising: forming a first set of fins in a copper
substrate, wherein forming the first set of fins in the copper
substrate further results in forming a first set of channels
located between the first set of fins; and forming a second set
of fins in the first set of channels, wherein the first set of fins
have a first fin width, and the second set of fins have a
second fin width.

[0046] In an embodiment, and in accordance with the
method of paragraph [0045], the first set of fins and the first
set of channels are formed in the copper substrate via
micromachining.

[0047] In an embodiment, and in accordance with the
method of paragraph [0045], the method further includes
forming the second set of fins in the first set of channels
further includes forming a metal liner layer along a surface
of the first set of channels, wherein the metal liner layer is
an alternative to copper.

[0048] In an embodiment, and in accordance with the
method of paragraph [0047], the method further includes
forming a metal fill layer on the metal liner layer to fill the
first set of channels, wherein the metal fill layer is copper.
[0049] In an embodiment, and in accordance with the
method of paragraph [0047], the method further includes
removing a top portion of the metal liner layer.

[0050] In an embodiment, and in accordance with the
method of paragraph [0047], the metal liner layer is formed
along a surface of the first set of channels via electroplating.
[0051] In an embodiment, and in accordance with the
method of paragraph [0047], the metal liner layer is alumi-
num or nickel.

[0052] In an embodiment, and in accordance with the
method of paragraph [0047], the metal liner layer is copper.
[0053] In an embodiment, and in accordance with the
method of paragraph [0045], forming the second set of fins
within the first set of channels further results in forming a
second set of channels located between the first set of fins
and the second set of fins.

[0054] In an embodiment, and in accordance with the
method of paragraph [0053], the second set of channels
formed between the first set of fins and the second set of fins
have a channel width that is narrower than a channel width
of the first set of channels.

[0055] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiment, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable other of
ordinary skill in the art to understand the embodiments
disclosed herein.

[0056] In addition, any specified material or any specified
dimension of any structure described herein is by way of
example only. Furthermore, as will be understood by those
skilled in the art, the structures described herein may be
made or used in the same way regardless of their position
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and orientation. Accordingly, it is to be understood that
terms and phrases such as, for instance, “side”, “over”,
“perpendicular”, “tilted”, etc., as used herein refer to relative
location and orientation of various portions of the structures
with respect to one another, and are not intended to suggest
that any particular absolute orientation with respect to
external objects is necessary or required.

[0057] The foregoing specification also describes process-
ing steps. While some of the steps may be in an ordered
sequence, others may in different embodiments from the
order that they were detailed in the foregoing specification.
The ordering of steps when it occurs is explicitly expressed,
for instance, by such adjectives as, “ordered”, “before”,
“after”, “following”, and others with similar meaning.
[0058] Benefits, other advantages, and solutions to prob-
lems have been described above with regard to specific
embodiments. However, the benefits, advantages, solutions
to problems, and any element(s) that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential
feature, or element, of any or all the claims.

[0059] Many modifications and variations of the present
invention are possible in light of the above teachings, and
could be apparent for those skilled in the art.

What is claimed is:

1. A microcooler device, comprising:

a first set of fins having a first fin width;

a second set of fins having a second fin width, wherein the
first set of fins alternate between the second set of fins;
and

a set of channels located between the first set of fins and
the second set of fins.

2. The microcooler device of claim 1, further comprising:

a spacer located at a bottom portion of the set of channels,
wherein the metal spacer separates the first set of fins
from the second set of fins.

3. The microcooler device of claim 1, wherein the first set

of fins and the second set of fins are copper.

4. The microcooler device of claim 1, wherein the first set
of fins are copper, and the second set of fins are an
alternative to copper.

5. The microcooler device of claim 2, wherein the spacer
is an alterative to copper.

6. The microcooler device of claim 2, wherein the spacer
is aluminum or nickel.

7. The microcooler device of claim 1, wherein a channel
width of the set of channels is less than the first fin width of
the first set of fins, and greater than the second fin width of
the second set of fins.

8. The microcooler device of claim 1, wherein the set of
channels located between the first set of fins and the second
set of fins have a channel width of 100 micrometers.

9. The microcooler device of claim 1, wherein:

the first fin width of the first set of fins is =150 microm-
eters and =200 micrometers; and

the second fin width of the second set of fins is 50
micrometers.

10. A method of forming a microcooler, comprising:

forming a first set of fins in a copper substrate, wherein
forming the first set of fins in the copper substrate
further results in forming a first set of channels located
between the first set of fins; and
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forming a second set of fins in the first set of channels,
wherein the first set of fins have a first fin width, and the
second set of fins have a second fin width.

11. The method of claim 10, wherein the first set of fins
and the first set of channels are formed in the copper
substrate via micromachining.

12. The method of claim 10, wherein forming the second
set of fins in the first set of channels further comprises:

forming a metal liner layer along a surface of the first set

of channels, wherein the metal liner layer is an alter-
native to copper;

forming a metal fill layer on the metal liner layer to fill the

first set of channels, wherein the metal fill layer is
copper; and

removing a top portion of the metal liner layer.

13. The method of claim 12, wherein the metal liner layer
is formed along a surface of the first set of channels via
electroplating.

14. The method of claim 12, wherein the metal liner layer
is aluminum or nickel.
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15. The method of claim 12, wherein the metal fill layer
is copper.

16. The method of claim 10, wherein forming the second
set of fins within the first set of channels further results in
forming a second set of channels located between the first set
of fins and the second set of fins.

17. The method of claim 16, wherein the second set of
channels formed between the first set of fins and the second
set of fins have a channel width that is narrower than a
channel width of the first set of channels.

18. A microcooler device, comprising:

a set of composite fins, wherein the set of composite fins
include a first material, and a second material formed
on a surface of the first material; and

a set of channels located between the set of composite
fins.

19. The microcooler device of claim 18, wherein the first

material is copper, and the second material is aluminum.

20. The microcooler device of claim 18, wherein the first
material is copper, and the second material is nickel.
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