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The present invention provides methods and apparatuses 
Which achieve high heat transfer in a ?uid cooling system, and 
Which do so With a small pressure drop across the system. The 
present invention teaches the use of Wall features on the ?ns of 
a heat exchanger to cool ?uid in a ?uid cooling system. The 
present invention also discloses high aspect ratio, high sur 
face area structures applicable in micro-heat exchangers for 
?uid cooling systems and cost effective methods for manu 
facturing the same. 
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FABRICATION OF HIGH SURFACE AREA, 
HIGH ASPECT RATIO MINI-CHANNELS AND 
THEIR APPLICATION IN LIQUID COOLING 

SYSTEMS 

FIELD OF THE INVENTION 

[0001] This invention relates to the ?eld of heat exchangers. 
More particularly, this invention relates to a method of fabri 
cating heat exchangers having high surface area, high aspect 
ratio minichannels and/or high aspect ratio microchannels, 
and their application in ?uid cooling systems. 

BACKGROUND OF THE INVENTION 

[0002] Effective heat transfer in a ?uid cooling system has 
a ?oWing ?uid in contact With as much surface area as pos 
sible of the material that is thermally coupled to extract heat 
from the device to be cooled. Fabrication of a reliable and 
e?icient High Surface to Volume Ratio Material (HSVRM) 
structure is therefore extremely critical for developing an 
effective heat exchanger. 
[0003] The use of silicon microchannels is one heat collec 
tor structure in ?uid cooling systems previously proposed by 
the assignee of the present invention. For example, see US. 
Pat. No. 7,017,654, Which issued on Mar. 28, 2006 and 
entitled “APPARATUS AND METHOD OF FORMING 
CHANNELS IN A HEAT-EXCHANGING DEVICE”, 
Which is hereby incorporated in its entirety by reference. 
[0004] High aspect ratio channels are fabricated by aniso 
tropic etching of silicon, Which has found Widespread use in 
micromachining and MEMS. HoWever, silicon has a loW 
thermal conductivity relative to many other materials, and 
especially relative to true metals. 
[0005] Methods for fabrication and designs for micro-heat 
exchangers from higher conductivity materials exist in the 
prior art, but either use expensive fabrication technologies or 
involve complicated structures Without specifying economi 
cally feasible fabrication methods. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides methods and appa 
ratuses Which achieve high heat transfer in a ?uid cooling 
system, and Which do so With a relatively small pressure drop 
across the system. 
[0007] The present invention discloses high aspect ratio, 
high surface area structures applicable in micro-heat-ex 
changers for ?uid cooling systems and cost effective methods 
for manufacturing the same. 
[0008] In some embodiments of the present invention, ?ns 
used to construct mini-channels are fabricated With self 
aligning features. The self-aligning features alloW the ?ns to 
be stacked Within a heat exchanger cannister Without bonding 
each ?n, such that the cannister only needs to be heated once 
to bond the entire heat exchanger. 
[0009] In some embodiments of the present invention, 
methods of fabricating ?ns are utiliZed Which are especially 
commercially practical. In some embodiments, ?ns are fab 
ricated With Wall features to mix ?uid passing through a 
mini-channel. In other embodiments, ?ns are fabricated With 
one or more passages, conduits or vents passing therethrough 
to reduce pressure drop in a heat exchanger. In yet other 
embodiments, ?ns are fabricated having both Wall features 
and passages therethrough. 
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[0010] In some embodiments of the present invention, 
methods are employed to reduce pressure drop in a heat 
exchanger. In some embodiments, a unique geometry is pro 
vided to divert ?uid ?oW paths in order to reduce pressure 
drop. In other embodiments, a manifold layer is used to divert 
?uid ?oW paths in order to minimiZe pressure drop. 
[0011] It is an object of the present invention to provide a 
heat exchanger Which effectively transfers heat from the heat 
exchanger to a ?uid, Which subsequently cools the ?uid and 
Which reuses the cool ?uid in a closed loop system. It is also 
an object of the present invention to fabricate a commercially 
feasible heat exchanger capable of doing the same. 
[0012] In some aspects of the present invention, the cou 
pling of the microchannel ?ns to the spacers is provided by 
the use of a braZing material. The braZing material is placed in 
contact With the microchannel ?ns and the structure and 
heated to above the melting temperature of the braZing mate 
rial. In another aspect of the present invention, the step of 
coupling the microchannel ?ns to the structure is provided by 
thermal fusing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A illustrates a schematic vieW ofa ?uid cool 
ing system utiliZing the heat exchanger With mini-channels. 
[0014] FIG. 1B. illustrates a schematic isometric vieW of a 
partially assembled heat exchanger according to some 
embodiments of the present invention. 
[0015] FIG. 2A illustrates a schematic vieW of a high aspect 
ratio plate With a mask for etching according to some embodi 
ments of the present invention. 
[0016] FIG. 2B illustrates a schematic vieW of an I-Beam 
?n fabricated through etching according to some embodi 
ments of the present invention. 
[0017] FIG. 2C illustrates a schematic vieW of a stack of 
I-Beam ?ns to be used in a heat-exchanger according to some 
embodiments of the present invention. 
[0018] FIG. 2D illustrates a schematic vieW of a T-Beam ?n 
fabricated through etching according to some embodiments 
of the present invention. 
[0019] FIG. 2E illustrates a schematic vieW of a stack of 
T-Beam ?ns to be used in a heat-exchanger according to some 
embodiments of the present invention. 
[0020] FIG. 3A is an exploded schematic vieW illustrating 
the parts Which comprise the heat exchanger according to 
some embodiments of the present invention. 
[0021] FIG. 3B is a partially exploded schematic vieW illus 
trating a partially assembled cannister and lid according to 
some embodiments of the present invention. 
[0022] FIG. 3C illustrates a schematic vieW of a fully 
assembled heat exchanger positioned above a heat-producing 
surface according to some embodiments of the present inven 
tion. 
[0023] FIG. 4 illustrates an exemplary process for fabricat 
ing patterned ?ns by photochemical etching. 
[0024] FIG. 5A illustrates a side vieW of a ?n treated With a 
mask in preparation for the step of forming Wall features on 
the ?n. 
[0025] FIG. 5B illustrates a close-up side vieW of the sur 
face of a ?n treated With a ?uid etchant, forming Wall features 
on the ?n. 

[0026] FIG. 5C illustrates a side vieW of a ?n With Wall 
features formed from etching. 
[0027] FIG. 6A illustrates an isometric vieW of an indi 
vidual ?n With rectangular Wall features. 
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[0028] FIG. 6B illustrates an isometric vieW of an indi 
vidual ?n With triangular Wall features. 
[0029] FIG. 6C illustrates an isometric vieW of an indi 
vidual ?n With rounded Wall features. 
[0030] FIG. 7A illustrates a schematic vieW of an example 
of a ?n having angled Wall features according to some 
embodiments of the present invention. 
[0031] FIG. 7B illustrates a schematic vieW of an example 
of a ?n having angled Wall features and straight Wall features 
according to some embodiments of the present invention. 
[0032] FIG. 7C illustrates a schematic vieW of an example 
of a ?n having angled Wall features and an empty center 
according to some embodiments of the present invention. 
[0033] FIG. 7D illustrates a schematic vieW of an example 
of a ?n having Zig-Zag Wall features according to some 
embodiments of the present invention. 
[0034] FIG. 7E illustrates a schematic vieW of an example 
of a ?n having sinusoidal Wall features according to some 
embodiments of the present invention. 
[0035] FIG. 7F illustrates a schematic vieW of an example 
of a ?n having crosshatch Wall features according to some 
embodiments of the present invention. 
[0036] FIG. 7G illustrates a schematic vieW of an example 
of adjacent complimentary ?ns having complimentary Wall 
features according to some embodiments of the present 
invention. 
[0037] FIG. 7H illustrates a schematic vieW of an example 
of adjacent complimentary ?ns having complimentary Wall 
features according to some embodiments of the present 
invention. 
[0038] FIG. 8A illustrates a schematic vieW of an example 
of a ?n having of pin Wall features according to some embodi 
ments of the present invention. 
[0039] FIG. 8B is a schematic side vieW of a heat exchanger 
With ?ns having pin Wall features forming a structuredpseudo 
foam according to some embodiments of the present inven 
tion. 
[0040] FIG. 9A illustrates a schematic side vieW of a high 
aspect ratio, high surface area heat exchanger using mini 
channels and a metal mesh betWeen the mini-channels 
according to some embodiments of the present invention. 
[0041] FIG. 9B illustrates a schematic side vieW of a high 
surface area heat exchanger using a stack of metal mesh 
layers according to some embodiments of the present inven 
tion. 
[0042] FIG. 9C illustrates a schematic side vieW of a high 
surface area heat exchanger using an open-cell metal foam 
insert according to some embodiments of the present inven 
tion. 
[0043] FIG. 10A illustrates a schematic side vieW of a ?n 
having pin Wall features and vents passing therethrough. 
[0044] FIG. 10B illustrates a schematic side vieW of a stack 
of ?ns having pin Wall features and vents passing there 
through. 
[0045] FIG. 10C illustrates a schematic isometric vieW of a 
heat exchanger With a stack of ?ns having pin Wall features 
and vents passing therethrough. 
[0046] FIG. 11A illustrates a schematic isometric vieW of 
?ns having conduits and a ?n Without a conduit used in heat 
exchangers according to some embodiments of the present 
invention. 
[0047] FIG. 11B illustrates a schematic isometric vieW of a 
heat exchanger With ?ns having apertures for reducing the 
path length of the ?uid. 
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[0048] FIG. 12 illustrates a schematic top vieW of a heat 
exchanger With a spine divider for reducing the path length of 
?uid. 
[0049] FIG. 13 illustrates a schematic top vieW of a heat 
exchanger With a spine divider and four quadrants for cooling 
multi-core integrated chips. 
[0050] FIG. 14 illustrates a schematic isometric vieW of a 
heat exchanger With a manifold layer for dividing the ?uid for 
separate ?uid paths. 

DETAILED DESCRIPTION OF THE INVENTION 

[0051] Those of ordinary skill in the art Will realiZe that the 
folloWing detailed description of the present invention is 
illustrative only and is not intended to limit the claimed inven 
tion. Other embodiments of the present invention Will readily 
suggest themselves to such skilled persons having the bene?t 
of this disclosure. It Will be appreciated that in the develop 
ment of any such actual implementation, numerous imple 
mentation-speci?c decisions must be made in order to 
achieve the developer’s speci?c goals. Reference Will noW be 
made in detail to implementations of the present invention as 
illustrated in the accompanying draWings. The same refer 
ence indicators Will be used throughout the draWings and the 
folloWing detailed description to refer to the same or like 
parts. 
[0052] FIG. 1A illustrates a schematic vieW of a ?uid cool 
ing system 199 according to some embodiments of the 
present invention. The ?uid cooling system 199 utiliZes a heat 
exchanger 100 With internal mini-channels 150. As shoWn by 
directional arroWs, ?uid is pumped through the heat 
exchanger 100 and to a heat rejecter 140 by a pump 110, 
Which is controlled by control module 120. The heat 
exchanger 100 With high aspect ratio ?ns 150 transfers heat 
from a surface (not shoWn) to the ?uid pumped through the 
?ns of the heat exchanger. Heat exchange in such a ?uid 
cooling system is improved by con?guring the ?oWing ?uid 
to be in contact With as much surface area as possible of the 
material that is designed to extract the heat from the surface. 
The fabrication of a heat exchanger With high surface area 
structures is therefore advantageous for developing an effec 
tive heat-exchanger. HoWever, it is desired that the fabrication 
process be loW cost in order to be competitive in consumer 
electronics markets. Therefore, it is an object of the invention 
to provide a loW-cost fabrication process for producing heat 
exchangers Which effectively cools a surface. For the purpose 
of this disclosure the term heat exchanger and the term can 
nister are synonymous and may be used interchangeably. 
[0053] In some embodiments of the present invention the 
heat exchanger is comprised of copper. In other embodiments 
of the present invention, the heat exchanger is comprised of 
aluminum. Furthermore, although speci?c examples of suit 
able construction materials are given, it Will readily apparent 
to those having ordinary skill in the art that a number of 
materials are suitable for use in constructing the heat 
exchanger. 
[0054] FIG. 1B illustrates a schematic isometric vieW of a 
partially assembled heat exchanger 100 according to some 
embodiments of the present invention. The heat exchanger 
100 comprises a cannister 101, a thermal interface section 
102, a block ofmini-channels 105 and conduits 103 and 104. 
The heat exchanger 100 is positioned on a surface (not shoWn) 
such that the interface section 102 is positioned directly on 
top of a heat-producing portion of the surface. The heat 
exchanger 100 is thermally coupled to the heat-producing 














