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DEVICE AND METHOD FOR TEMPERATURE CONTROL

DESCRIPTION

(0011  This application claims priority to U.S. Provisional Patent Application No.
61/708,619, filed October 1, 2012, the entire contents of which are incorporated herein by
reference. This application is related to co-pending U.S. Application No. 12/585,981, filed
September 30, 2009, the contents of which are incorporated by reference, and which itself claims
the benefit of U.8. Provisional Application No. 61/181,227, filed September 30, 2008, This
application is also related to co-pending PCT Application No. PCT/UST1/37369, filed May 20,
2011, the contents of which are incorporated by reference, and which itself clatms the benefit of
U8, Provisional Application No. 61/347,446, filed May 23, 2610,

Technical Field

10021  Materials, components, and methods consistent with the present disclosure are
direcied to the fabrication and use of micro-scale channels with a gas, where the micro-scale

channels are configured to control the temperature of the gas.

[003] A volume of fluid, such as air, can be characterized by a temperature and
pressure. When considered as a collection of constituent particles, comprising, for example,
molecules of oxygen and nitrogen, the volume of fluid at a given temperatare can be understood
as a distribution of constituent particle speeds. This distribution can be characterized, generally,
by an average speed which can bear a relationship with the temperature of the gas.

[004] The internal atomic and molecular structure of counstituent particles, which can
provide a range of accessible internal energy states, can also affect the temperature distribution
of the gas. The range of accessible internal energy states associated with an atom or molecule, in

turn, can be affected by the geometry and properties of its surroundings.

SUMMARY

[005]  In an aspect, a system for cooling can be configured to accommaodate a flow of a
gas through a micro channel. The system can include a micro channel, and the micro channel
can include at feast a base and a side, where the base and the side can be configured {o form at

least a portion of an inflow opening, and an outflow opening. The gas can include a constituent



16

Lo
D

WO 2014/055323 PCT/US2013/061887
particle, where the gas can be induced to flow through the micro channel through operation ot a
pressure differential between a first pressure and a second pressure, the first pressure of the gas
proximal to the inflow opening belng atmospheric and the second pressure of the gas proximal to
the outflow opening being less than atmospheric. Moreover, the micro channel can be
configured to accommodate a flow of the gas from the inflow apening to the outflow opening in
a first direction substantially perpendicular to a cross section of the micro channel. Further stiil,
the base can be selected from a set of base materials consisting of alursinurn sheet metal,
anodized aluminum, Teflon-coated aluminum, painted aluminum, graphene, pyrolytic graphite,
and copper sheet metal, and the side can be selected from a set of side materials cousisting of!
graphene, pyrolytic graphite, aluminum foil, and copper foil, In addition, the side can have a
thickness in a range between approximately 0.5 um and approximately 500 pm, where the micro
channel with a thickness in 2 range between approximately 0.5 yry and approximately 560 um is
formed, in part, by providing the side on the base.

(0061  In another aspect, a method for cooling can include providing a roicro channel
including at least a base and a side, where the base and the side can be configured to form at least
a portion of an inflow opening, and an cutflow opening. The method for cooling can also
incinde providing a gas comprising a constituent particle, and inducing a flow of the gas from the

inflow opening to the outflow opening in a first direction substantially perpendicular fo a cross

section of the micro channel through operation of a pressure differential between a first pressure

and a second pressure, the first pressure of the gas proximal o the inflow opening being
atmospheric and the second pressure of the gas proximal to the outflow opening being lfess than
atmospheric. Furthermore, the base can be selected from a set of base materials consisting off
aluminum sheet metal, anodized aluminum, Teflon-coated aluminmum, painted alominum,
graphene, pyrolytic graphite, and copper sheet metal, and the side can be selected from a set of
side materials consisting of: graphene, pyrolyvtic graphite, aluminum foil, and copper foil. In
addition, the side can have a thickness in a range between approxirsately (1.5 um and
approximately 500 wm, where the micro channel with a thickuess in g range between
approximately 0.5 um and approximately 500 pm is formed, in part, by providing the side on the
base.

10071 In a further aspect, a system for cooling can be configured to accommodale a
flow of a gas through a micre channel. The system can include a micro channel, and the micro
channel can include at least a base with a raised side, where the base and the raised side can be
configured to form at least a portion of an inflow opening, and an outflow opening. The gas can
inchude a constituent particle, where the gas can be induced to flow through the micro channel

through operation of a pressure differential between a first pressure and a second pressure, the
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first pressure of the gas proximal 1o the inflow opening being atmospheric and the second
pressure of the gas proximal to the outflow opening being less than atmospheric. Moreover, the
micro channel can be configured to accommodate a flow of the gas from the inflow opening to
the outflow opening in a first direction substantially perpendicular to a cross section of the micro
channel. Further still, the base can be selected from 3 set of base materials consisting of:
aluminum sheet metal, anodized aluminum, Teflon-coated aluminum, painted aluminum,
graphene, pyrolytic graphite, and copper sheet metal. In addition, the raised side can have a
thickness in a range between approximately 0.5 um and approximately 500 wm, where the micro
channel with a thickness in a range between approximately 0.5 um and approximately 500 pm i3
formed from the base, in part, by at least one of the set oft extrusion, embaossing, coining,
stamping, punching, perforating, and cutting with fine blanking.

[008]  In another aspect, a method for cooling can include providing a micro channel
including at least a base and a raised side, where the base and the raised side can be configured
to form at least a portion of an inflow opening, and an outflow opening. The method for cooling
can also include providing a gas comprising a coustituent particle, and inducing a flow of the gas
from the inflow opening to the outflow opening in a first direction substantially perpendicular to
& cross section of the micro channel through operation of a pressure differential between a first
pressure and a second pressure, the first pressure of the gas proximal to the inflow opening being
atmospheric and the second pressure of the gas proximal to the outflow opening being less than
atmospheric. Furthermore, the base can be selected from a set of base materials consisting of:
aluminum sheet metal, anodized aluminum, Teflon-coated aluminum, painted aluminum,
graphene, pyrolytic graphite, and copper sheet metal. In addition, the raised side can have a
thickness in a range between approximately 0.5 pm and approximately 500 um, where the micro
channel with a thickness in a range between approxiroately 0.5 um and approximately SO0 pm is
formed from the base, in part, by at least one of the set oft extrusion, embossing, coining,
staraping, punching, perforating, and cutling with fine blanking,

{009] Additional objects and advantages of the disclosure will be set forth in part in the
description which follows, and in part will be obvious from the description, or may be learned by
practice of embodiments consistent with the disclosure. The objects and advantages of the
invention will be realized and aitained by means of the elements and combinations particularly
pointed out in the appended claims,

[010] 1t is to be undersiood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive of the

invention, as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

(011} FIG. | depicts two views of a base and an arrangement of sides for forming a set
of exemplary micro channels consistent with the disclosure;

{012}  FIG. 2 depicts two views of the base and the sides of FIG. 1, with an additional
base arranged to form a set of exemplary micro channels consistent with the disclosure;

{013}  FIG. 3 depicts two views of a base with raised sides for forming a set of
exemplary micre channels consistent with the disclosure;

[014]  FIG. 4 depicts two views of the base and the arranged sides of FIG. 3, with an
additional base arranged to form a set of exemplary micro channels consistent with the
disclosure; and

(0151 FIG. 3 depicts a side view of a micro channel configured o accommodate a flow
of gas consistent with the disclosure, inchuding an apparatus for inducing flow theough the micro
channel.

DESCRIPTION OF THE EMBODIMENTS

{016] Reference will now be made in detail to the present embodiments (exemplary
embodiments) of the disclosure, characteristics of which are illustrated in the accompanying
drawings. Wherever possible, the same reference numbers will be used throughout the drawings
to refer to the same or Hke parts.

(0171 FIG. 1 depicts two views of a base 110 and an arrangement of sides 120 for
forming a set of exernplary micro channels consistent with the disclosure. The lower portion of
FIG. 1 depicts a “top” view of the arrangement of the sides 120 on the base 110, and the upper
portion of FIG. 1 depicts an “edge” view of the arrangement of the sides 120 on the base 110,
For reference, an axis 145 assigns an “x”-direction and a “2”-direction to the figure in the upper
portion, and an axis 155 assigns an “x”-direction and a *y"-direction to the figure in the lower
portion. The material of the base 110 can include aluminum sheet metal, anodized aluminum,
Teflon-coated aluminurm, painted aluminum, graphene, pyrolytic graphite, copper sheet metal,
and/or any other thermally conductive material that is relatively smooth and flat. The material of
the sides 120 can include aluminum foil, copper foil, other metal {oils, graphene, pyrolytic
graphite, and any other thermally conductive material that is relatively smwooth and flat. In the
depicted "z"-direction of FIG. 1, the side 120 can have a thickness in a range from approximately
0.5 wm thick to approximately 560 um.

{0181  As illustreated in FIG. 1, the shape of the sides 120 can be selected to form a
micro channel that is gradually increasing in cross section as a gas moves (for example] in the
negative “y” direction. However, the depicted shape is not Hmiting. The overall cross section of
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the micro channel can be configured to exhibit macroscopic length scales in the "x" direction
{i.e., meters) and smaller length scales in the "2" direction {i.e., 0.5 to 500 pm). From the
perspective of the upper-portion figure shown in FIG. 1, the cross section of the micro channel
shown “nearest” the edge that is viewed is depicted as larger than the cross section of the micro
channel that is furthest away from the edge that is viewed. The thickness of the “z”-dimension
of the sides 120 can be approximately 15 pm, but can be anywhere in a range from
approximately 0.5 pm fo approximately 500 um. An fnflow width 125 {ie,, the variable “w<" in
FIG. 1) in the “x7-direction between the arranged sides 120 in FIG. | can be 10 muy, but can be
anywhere in a range from approximately | pm to several centimeters. Ap outflow width 115
{i.e., the variable “w>" in FIG. 1) in the “x”-direction between the arranged sides 120 in FIG. |
can be 20 mm, but can be anywhere in a range from approximately 1 wm to several centirneters.
The length of base 110 and side 120 in the “y” direction can be anywhere in a range from 1 nun
to lengths in the scale of meters. At lengths of approximately hundreds of millimeters and more
in the ©y” direction, however, micro channel support can be required to maintain a 0.5 pm to 500
pm micro channel opening thickness (whether as an inflow opening or as an outflow opening).
Further, the dimensions of the micro channel in the “2” direction from the inflow to the outflow
need not remain at a constant height and can vary both along the “y” axis divection and the “x”
axis direction between approximately 6.5 wm and approximately 500 ym consistent with the
current disclosure. (Note that FIG. 1, and all of the fgures, FIGS. 2-5, are not necessarily
depicted to scale.)

{3191 Ag illustrated in FIG, 2, an additional base 210 can be positioned over the
arrangement depicted in FIG. | in order to form a set of micro channels with an inflow width 123
(the variable “w<"") and an outflow width 113 {the variable “w>""}. Due 1o the dimensions of the
sides 120 in the “27-direction, the set of micro channels have a dimenston in the “2” direction of
approximately 15 wm, but can be anywhere in the range from approximately 0.5 pm to
approximately 300 wu. The micro channels that are formed can maintain the same,
approximate, “z” axis dimension along the length of the “x” axis direction, or the “2” axis
dimension can vary from between approximately 0.5 ym to approximately 500 pm along both
the “x” axis direction and the *y” axis direction consistent with the disclosure. The overall width
of the entire device 200 in the “x” axis direction can be 40 nuo to 100 mum or it can be
approximately less than | mm to many meters—and could even extend to kilometers, if required,
based on the application. That s, one of ordinary skill in the art should appreciate that the scale
of the device in the “x” axis can vary by application. A representative device width that is
intended (o fit inside of a semiconductor package can be determined by the “x” axis of the

semiconductor package (such as millimeters). However, computer server racks can use devices
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thai are scaled to the rack. Larger applications like commercial air conditioning devices can be of
the scale of tens of meters along the “x” axis.

(0201  The base 21§ can be secured to the base 110 to form device 200 using epoxy,
and/or other chemical adhesives. One of ordinary skill in the art should appreciate that the
application of the epoxy and/or chemical adhesive can be accomplished so as avoid adversely
affecting the size of the micro channels in the “2” direction. For example, the epoxy and/or
chemical adhesive can be applied in a thin film. Welding, brazing, and metal bonding can also be
usead to secure the base 210 to the base 110 when the surfaces of base 210 and base 110 are
adequately smooth and flat, and adequate pressure is applied to the parts provide a thermal path
without the added thermal resistance of air gaps. Further, fasteners such as pins, rivets screws
and bolts can also be used.

[021]  Consistent with a further embodiment, FIG. 3 depicts two views of a base 310
and an arrangement of raised sides for forming a set of exemplary micro channels 330 consistent
with the disclosure. The lower portion of FIG. 3 depicis a “lop” view of the arrangement of the
raised sides on the base 310, and the upper portion of FIG. 3 depicts an “edge” view of the
arrangement of the raised sides on the base 310, FPor reference, an axis 345 assigns an “x”-
direction and a “z”-direction to the figure in the upper portion, and an axis 335 assigns an “x”-
divection and a “y”-direction to the figure in the lower portion. The material of the base 310 can
include aluminum sheet metal, anodized aluminum, Teflon-coated aluminum, painted
aluminum, graphene, pyrolytic graphite, copper sheet metal, or any other thermally conductive
material that is relatively smooth and flat, The material of the base 310 can also include
extrusions of tubing made of thermally conductive metals, graphene, pyrolytic graphite, carbon
nanotubes, polymers or other thermally conductive materials. Where the material of the base
310 includes tubing, the tubing can have inside diameters in the range of approximately 0.5 um
to approximately 500 um. Geunerally speaking (that is, whether tubing or otherwise), the material
of the raised sides can be the same material as the base 310, with the micro channels 330 formed
by extrusion, embossing, coining, stamping, punching, and/or perforating, and/or can be cut with
fine blanking to maintain integrity of micro channel features.

0221 Asillustrated in FIG, 3, the shape of the micro channels 330 can be selected so
as to be gradually increasing in cross section as a gas moves (for example) in the negative *y”
direction. However, the depicted shape is not limiting. The overall cross section of the micro
channel can be configured to be of macroscopic scale, for example, exhibiting a width in the “x”
axis direction that is greater than 1 rom, with “2” axis heights of approximately 0.5 pm to
approximately SO0 um (with overall “x” axis lengths of the device of the scale of meters). From

the perspective of the upper-portion figure shown in FIG. 3, the cross section of the micro
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channel shown “nearest” the edge that is viewed is depicted as larger than the cross section of the
micro channel that is furthest away from the edge that is viewed. The thickness of the “27-
dimension of the micro channels 330 can be approximately 15 pm, but can be anywhere in a
range from approximately 0.5 um to approximately 500 ym. An inflow width 325 (ie, the
variable “w<" in FIG. 3} in the “x”-direction between the raised sides in FIG. 3 can be 10 mm,
but can be anywhere in a range from approximately 1 mm to several hundred milliroeters, An
individual micro channel can have a *y” axis length of hundreds of millimeters before micro
channel support might be required to maintain a 0.5 pm to 500 wm micro channel opening
thickness. Further still, the micro channel opening need not remain at a constant “z” axis height
and may vary both along the x axis and the y axis frors 0.5 pu to 500 pum consistent with the
current disclosure, As described above, the “x” axis length can be scaled for the application.
Examples of devices that can exhibit millimeter-scale “x™ axis lengths include devices
configured to fit inside semiconductor packages, and examples of devices that can exhibit meter-
scale lengths includes devices configured for conumercial scale air conditioning system heat
exchangers. An outflow width 315 (i.e,, the variable “w>" in FIG. 3} in the “x"-direction
between the raised sides in FIG. 3 can be 20 mim, byt can be anywhere in a range from
approximately 1 mm o hundreds of mm.

[023]  As illustrated in FIG, 4, an additional base 410 can be positioned over the
arrangement depicted in FIG. 3 in order to form a set of micro channels 330 with an inflow width
325 {the variable “w<""}) and an cutflow width 315 {the variable “w>"}. The set of micro
channels 330 can have a dimension in the “z” direction of approximately 15 wm, but can be
anywhere in the range from approximately 0.5 pm to 560 pym. The overall width of the entire
device 400 in the “x” direction can be 40 mm to 100 rom or approximately 1 mm to the scale of
meters or more {such as kilometers)—based upon the application. That is, the “x” axis length of
the overall device can be scaled according to the application. For example, devices that exhibit
lengths of the scale of millimeters can be used with semiconductor packages, and devices that
exhibit lengths of the scale of meters can be used with conunercial seale air conditioning sysiem
heat exchangers,

[024]  The base 410 can be secured {o the base 318 to form device 400 using epoxy
and/or other chemical adhesives. One of ordinary skill in the art should appreciate that the
application of the epoxy and/or chemical adhesive can be accomplished so as avoid adversely
affecting the size of the micro channels in the “2” direction. For exarmple, the epoxy and/or
chemical adhesive can be applied in a thin film, Welding, brazing, and metal bonding can be
used {o secure the base 410 to the base 310 when the surfaces of base 411 and base 310 are
adequately smooth and flat, and adequate pressure is applied to the parts provide a thermal path
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without the added thermal resistance of air gaps. Further, fasteners such as pins, rivets screws
and bolts can be used as well.

[025]  FIG. 3 depicts a device 500 with a micro channel 530 {or a set of micro
channels) constructed consistent with this disclosure, Also depicted in FIG. S is gas 40 and a
direction of flow 520 to generate cooling in the device 500, Device 360 is any apparatus which
can induce a flow between an inflow opening 531 of the micro channel 330 and an outflow
opening 532 of the micro channel §30.

[026]  Device 560 can include fans inchuding micro-fans, blowers, pumps inchuding
micro-pumps, natural sources such as atmospheric wind and thermal airflows, bellows and any
other device used to create a pressure differential.

(0271 (Other embodiments will be apparent to those skilled in the art from
constderation of the specification and practice of the embodiments disclosed hercin. For
example, consistent with the disclosure, the overall shape of the micro channels and the relative
widths of the inflow opening and the outflow opening that are depicted in FIGS. 1-5 are
exemplary only and not Hmiting. Consistent with the disclosure, a micro channel consistent with
the current disclosure can exhibit g variety of cross sectional shapes—including vartations in
cross sectional shape along a length of the micro channel—further exhibiting a variety of relative
ratios oft inflow opening to outflow opening. Co-pending U.S. Application No, 12/585,981,
filed September 30, 2009, the contents of which are incorporated by reference, discloses
exemplary variations in cross sectional shapes, inflow openings, and outflow openings consistent
with the current disclosure. Further still, a micro channel {or set of micro channels) consistent
with the current disclosure can exhibit macroscopic features, such as the exemplary macroscopic
geometries disclosed in co-pending PCT Application No. PCT/AUSTI/37369, filed May 20, 2011,
the contents of which are incorporated by reference. Further still, a system consistent with the
current disclosure can configured so as to exhibit a plurality of device layers, with each device
fayer corresponding, for example, to a device with one or a plurality of micre channels as
depicted in FIGS. 1-5. More specifically, a system with plurality of device layers can
correspond, generally, to a plurality of devices 200 and/or devices 400 stacked one on another. It
is intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following ¢laims.



CLAIMS
A system for cooling comprising:
a micro channel layer; and
a gas, wherein the gas is air;
wherein the micro channel layer comprises:

a micro channel and an aligned micro channel, the micro channel layer
comprising at least a first base, a second base, a first side, a second side,
and a third side;

wherein the first base, the second base, the first side, and the second side are configured
to form an inflow opening and an outflow opening;

wherein the first base, the second base, the second side, and the third side are configured
to form an aligned inflow opening and an aligned outflow opening;

wherein the inflow opening and the aligned inflow opening form a set of inflow
openings;

wherein the outflow opening and the aligned outflow opening form a set of outflow
openings;

wherein the gas is induced to flow through the micro channel and the aligned micro

channel through operation of a pressure differential between a first pressure and a

second pressure, the first pressure of the gas proximal to the set of inflow

openings being atmospheric and the second pressure of the gas proximal to the set

of outflow openings being less than atmospheric;



wherein the micro channel layer is configured to accommodate a flow of the gas from the
set of inflow openings to the set of outflow openings in a first direction
substantially perpendicular to a cross section of the micro channel layer;

wherein the first base and the second base are selected from a set of base materials
consisting of: aluminum sheet metal, anodized aluminum, Teflon-coated
aluminum, painted aluminum, copper sheet metal, graphene, and pyrolytic
graphite;

wherein the first side, the second side, and the third side are selected from a set of side
materials consisting of: aluminum foil, copper foil, graphene, and pyrolytic
graphite;

wherein the first side has a thickness of approximately 15 pm,;

wherein the second side has a thickness of approximately 15 pym; and

wherein the third side has a thickness of approximately 15 pm, and wherein the micro
channel layer is formed, in part, by providing the first side, the second side, and
the third side on the first base such that a channel is formed between the first side
and the second side and such that an aligned channel is formed between the
second side and the third side, and by providing the second base on the first side,

the second side, and the third side.

The system of claim 1 wherein the inflow opening has an inflow width value in a width
range between approximately 1 ym and approximately 30 mm; and
wherein the outflow opening has an outflow width value in the width range between

approximately 1 ym and approximately 30 mm.

10



The system of claim 2 wherein a linear distance between the inflow opening and the
outflow opening along a length of the micro channel layer has a value in a range of

approximately 0.01 mm to approximately 10 m.

The system of claim 2, wherein the inflow width value is smaller than the outflow width

value.

A method for cooling, comprising:

providing a micro channel layer;

wherein the micro channel layer comprises a micro channel and an aligned micro
channel, the micro channel layer comprising at least a first base, a second base, a
first side, a second side, and a third side;

wherein the first base, the second base, the first side, and the second side are configured
to form an inflow opening and an outflow opening;

wherein the first base, the second base, the second side, and the third side are configured
to form an aligned inflow opening and an aligned outflow opening;

wherein the inflow opening and the aligned inflow opening form a set of inflow
openings;

wherein the outflow opening and the aligned outflow opening form a set of outflow
openings;

providing a gas, wherein the gas is air;

11



inducing a flow of the gas from the set of inflow openings to the set of outflow openings
in a first direction substantially perpendicular to a cross section of the micro
channel layer through operation of a pressure differential between a first pressure
and a second pressure, the first pressure of the gas proximal to the set of inflow
openings being atmospheric and the second pressure of the gas proximal to the set
of outflow openings being less than atmospheric;

wherein the first base and the second base are selected from a set of base materials
consisting of: aluminum sheet metal, anodized aluminum, Teflon-coated
aluminum, painted aluminum, copper sheet metal, graphene, and pyrolytic
graphite;

wherein the first side, the second side, and the third side are selected from a set of side
materials consisting of: aluminum foil, copper foil, graphene, and pyrolytic
graphite;

wherein the first side has a thickness of approximately 15 pm,;

wherein the second side has a thickness of approximately 15 ym; and

wherein the third side has a thickness of approximately 15 ym, and wherein the micro
channel layer is formed, in part, by providing the first side, the second side, and
the third side on the first base such that a channel is formed between the first side
and the second side and such that an aligned channel is formed between the
second side and the third side, and by providing the second base on the first side,

the second side, and the third side.

12



The method of claim 5 wherein the inflow opening has an inflow width value in a width
range between approximately 1 ym and approximately 30 mm; and
wherein the outflow opening has an outflow width value in the width range between

approximately 1 ym and approximately 30 mm.

The method of claim 6 wherein a linear distance between the inflow opening and the
outflow opening along a length of the micro channel layer has a value in a second range

of approximately 0.01 mm to approximately 10 m.

The method of claim 6 wherein the inflow width value is smaller than the outflow width

value.

A system for cooling comprising:

a micro channel layer; and

a gas, wherein the gas is air;

wherein the micro channel layer comprises:

a micro channel and an aligned micro channel, the micro channel layer
comprising at least a first base with a first raised side, a second raised side,
and a third raised side, and a second base;

wherein the first base with the first raised side, the second raised side, and the third raised
side, and the second base are configured to form an inflow opening, an aligned

inflow opening, an outflow opening, and an aligned outflow opening;

13



wherein the inflow opening and the aligned inflow opening form a set of inflow
openings;

wherein the outflow opening and the aligned outflow opening form a set of outflow
openings;

wherein the gas is induced to flow through the micro channel and the aligned micro
channel through operation of a pressure differential between a first pressure and a
second pressure, the first pressure of the gas proximal to the set of inflow
openings being atmospheric and the second pressure of the gas proximal to the set
of outflow openings being less than atmospheric;

wherein the micro channel layer is configured to accommodate a flow of the gas from the
set of inflow openings to the set of outflow openings in a first direction
substantially perpendicular to a cross section of the micro channel layer;

wherein the first base and the second base are selected from a set of base materials
consisting of: aluminum sheet metal, anodized aluminum, Teflon-coated
aluminum, painted aluminum, copper sheet metal, graphene, and pyrolytic
graphite; and

wherein the first raised side has a height of approximately 15 pm;

wherein the second raised side has a height of approximately 15 pm; and

wherein the third raised side has a height of approximately 15 ym, and wherein the micro
channel layer is formed from the first base, in part, by at least one of the set of:
extrusion, embossing, coining, stamping, punching, perforating, and cutting with
fine blanking, the first raised side, the second raised side, and the third raised side

from the first base such that a channel is formed between the first raised side and

14
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11.

12.

13.

the second raised side and such that an aligned channel is formed between the

second raised side and the third raised side.

The system of claim 9 wherein the inflow opening has an inflow width value in a width
range between approximately 1 ym and approximately 30 mm; and
wherein the outflow opening has an outflow width value in the width range between

approximately 1 ym and approximately 30 mm.

The system of claim 10 wherein a linear distance between the inflow opening and the
outflow opening along a length of the micro channel layer has a value in a second range

of approximately 0.01 mm to approximately 10 m.

The system of claim 10, wherein the inflow width value is smaller than the outflow width

value.

A method for cooling, comprising:

providing a micro channel layer;

wherein the micro channel layer comprises a micro channel and an aligned micro
channel, the micro channel layer comprising at least a first base with a first raised
side, a second raised side, and a third raised side, and a second base;

wherein the first base with the first raised side, the second raised side, and the third raised
side, and the second base are configured to form an inflow opening, an aligned

inflow opening, an outflow opening, and an aligned outflow opening;

15



wherein the inflow opening and the aligned inflow opening form a set of inflow
openings;

wherein the outflow opening and the aligned outflow opening form a set of outflow
openings;

providing a gas, wherein the gas is air;

inducing a flow of the gas from the set of inflow openings to the set of outflow openings
in a first direction substantially perpendicular to a cross section of the micro
channel layer through operation of a pressure differential between a first pressure
and a second pressure, the first pressure of the gas proximal to the set of inflow
openings being atmospheric and the second pressure of the gas proximal to the set
of outflow openings being less than atmospheric;

wherein the first base and the second base are selected from a set of base materials
consisting of: aluminum sheet metal, anodized aluminum, Teflon-coated
aluminum, painted aluminum, copper sheet metal, graphene, and pyrolytic
graphite; and

wherein the first raised side has a height of approximately 15 pm;

wherein the second raised side has a height of approximately 15 pm; and

wherein the third raised side has a height of approximately 15 ym, and wherein the micro
channel layer is formed from the first base, in part, by at least one of the set of:
extrusion, embossing, coining, stamping, punching, perforating, and cutting with
fine blanking, the first raised side, the second raised side, and the third raised side

from the first base such that a channel is formed between the first raised side and
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14.

15.

16.

the second raised side and such that an aligned channel is formed between the

second raised side and the third raised side.

The method of claim 13 wherein the inflow opening has an inflow width value in a width
range between approximately 1 ym and approximately 30 mm; and
wherein the outflow opening has an outflow width value in the width range between

approximately 1 ym and approximately 30 mm.

The method of claim 14 wherein a linear distance between the inflow opening and the

outflow opening along a length of the micro channel layer has a value in a second range

of approximately 0.01 mm to approximately 10 m.

The method of claim 14 wherein the inflow width value is smaller than the outflow width

value.
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