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(57) ABSTRACT 

Amicrochannel heat exchanger coupled to a heat source and 
con?gured for cooling the heat source comprising a ?rst set 
of ?ngers for providing ?uid at a ?rst temperature to a heat 
exchange region, Wherein ?uid in the heat exchange region 
?oWs toWard a second set of ?ngers and exits the heat 
exchanger at a second temperature, Wherein each ?nger is 
spaced apart from an adjacent ?nger by an appropriate 
dimension to minimize pressure drop in the heat exchanger 
and arranged in parallel. The microchannel heat exchanger 
includes an interface layer having the heat exchange region. 
Preferably, a manifold layer includes the ?rst set of ?ngers 
and the second set of ?ngers con?gured Within to cool hot 
spots in the heat source. Alternatively, the interface layer 
includes the ?rst set and second set of ?ngers con?gured 
along the heat exchange region. 
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INTERWOVEN MANIFOLDS FOR PRESSURE 
DROP REDUCTION IN MICROCHANNEL HEAT 

EXCHANGERS 

RELATED APPLICATIONS 

[0001] This Patent application is a continuation in part of 
US. patent application Ser. No. 10/439,912, ?led May 16, 
2003, and entitled “INTERWOVEN MANIFOLDS FOR 
PRESSURE DROP REDUCTION IN MICROCHANNEL 
HEAT EXCHANGERS”, hereby incorporated by reference, 
Which claims priority under 35 U.S.C. 119 (e) of the 
co-pending US. Provisional Patent Application Ser. No. 
60/423,009, ?led Nov. 1, 2002 and entitled “METHODS 
FOR FLEXIBLE FLUID DELIVERY AND HOTSPOT 
COOLING BY MICROCHANNEL HEAT SINKS” Which 
is hereby incorporated by reference, as Well as co-pending 
US. Provisional Patent Application Ser. No. 60/442,383, 
?led Jan. 24, 2003 and entitled “OPTIMIZED PLATE FIN 
HEAT EXCHAN GER FOR CPU COOLING” Which is also 
hereby incorporated by reference, and co-pending US. 
Provisional Patent Application Ser. No. 60/455,729, ?led 
Mar. 17, 2003 and entitled “MICROCHANNEL HEAT 
EXCHAN GER APPARATUS WITH POROUS CONFIGU 
RATION AND METHOD OF MANUFACTURING 
THEREOF”, Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to a method and apparatus for 
cooling a heat producing device in general, and speci?cally, 
to an interWoven manifold for pressure drop reduction in a 
rnicrochannel heat exchanger. 

BACKGROUND OF THE INVENTION 

[0003] Since their introduction in the early 1980s, rnicro 
channel heat sinks have shoWn much potential for high 
heat-?ux cooling applications and have been used in the 
industry. HoWever, existing rnicrochannels include conven 
tional parallel channel arrangements which are used are not 
Well suited for cooling heat producing devices Which have 
spatially-varying heat loads. Such heat producing devices 
have areas Which produce more heat than others. These 
hotter areas are hereby designated as “hot spots” Whereas the 
areas of the heat source Which do not produce as much heat 
are hereby terrned, “Warrn spots”. 

[0004] FIG. 1A illustrates a prior art heat exchanger 10 
Which is coupled to an electronic device 99, such as a 
microprocessor via a thermal interface material 98. As 
shoWn in FIG. 1A, ?uid generally ?oWs from a single inlet 
port 12 and ?oWs along the bottom surface 11 in betWeen the 
parallel rnicrochannels 14, as shoWn by the arroWs, and exits 
through the outlet port 16. Although the heat exchanger 10 
cools the electronic device 99, the ?uid ?oWs from the inlet 
port 12 to the outlet port 16 in a uniform manner. In other 
Words, the ?uid ?oWs substantially uniforrnly along the 
entire bottom surface 11 of the heat exchanger 10 and does 
not supply more ?uid to areas in the bottom surface 11 Which 
correspond With hot spots in the device 99. In addition, the 
temperature of liquid ?oWing from the inlet generally 
increases as it ?oWs along the bottom surface 11 of the heat 
exchanger. Therefore, regions of the heat source 99 Which 
are doWnstrearn or near the outlet port 16 are not supplied 
With cool ?uid, but actually ?uid Which has already been 
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heated upstrearn. In effect, the heated ?uid actually propa 
gates the heat across the entire bottorn surface 11 of the heat 
exchanger and region of the heat source 99, Whereby ?uid 
near the outlet port 16 is so hot that it becomes ineffective 
in cooling heat source. In addition, the heat exchanger 10 
having only one inlet 12 and one outlet 16 forces ?uid to 
travel along the long parallel rnicrochannels 14 in the bottom 
surface 11 for the entire length of the heat exchanger 10, 
thereby creating a large pressure drop. 

[0005] FIG. 1B illustrates a side vieW diagram of a prior 
art rnulti-level heat exchanger 20. Fluid enters the rnulti 
level heat exchanger 20 through the port 22 and travels 
doWnWard through multiple jets 28 in the middle layer 26 to 
the bottom surface 27 and out port 24. In addition, the ?uid 
traveling along the jets 28 may or may not uniformly ?oW 
doWn to the bottom surface 27. Nonetheless, although the 
?uid entering the heat exchanger 20 is spread over the length 
of the heat exchanger 20, the design does not provide more 
?uid to the hotter areas of the heat exchanger 20 and heat 
source that are in need of more ?uid ?oW circulation. 

[0006] In addition, conventional heat exchangers are made 
of materials Which have high thermal resistance in the 
bottom surface, such that the heat exchanger has a coef? 
cient of thermal expansion which matches that of the heat 
source 99. The high thermal resistance of the heat exchanger 
thereby does not alloW suf?cient heat exchange With the heat 
source 99. To account for the high thermal resistance, larger 
channel cross-sectional areas are chosen such that more 
therrnal exchange occurs betWeen the heat exchanger 10 and 
the heat source 99. In addition, the dimensions of the 
channels in the heat exchanger are scaled doWn and the 
distance betWeen the channel Walls and the hydraulic diam 
eter is made smaller, the thermal resistance of the heat 
exchanger is reduced. HoWever, a problem With using nar 
roW rnicrochannels is the increase in pressure drop along the 
channels. The increase in pressure drop places extrerne 
demands on a pump driving the ?uid through the heat 
exchanger. In addition, larger rnicrochannel dirnensions also 
cause a larger pressure drop betWeen the inlet and outlet 
ports, due to the long distance that one or tWo phase ?uid 
must travel. Further, boiling of the ?uid in a rnicrochannel 
heat exchanger causes a larger pressure drop for a given 
?oWrate due to the mixing of ?uid and vapor as Well as the 
acceleration of the ?uid into the vapor phase. Both of these 
factors increase the pressure drop per unit length. The large 
pressure drop created Within the current rnicrochannel heat 
exchangers require larger purnps Which can handle higher 
pressures and thereby are not feasible in a rnicrochannel 
setting. 
[0007] What is needed is a rnicrochannel heat exchanger 
Which is con?gured to achieve proper ternperature unifor 
rnity in the heat source. What is also needed is a heat 
exchanger Which is con?gured to achieve proper uniformity 
in light of hot spots in the heat source. What is also needed 
is a heat exchanger having a relatively high thermal con 
ductivity to adequately perforrn therrnal exchange With the 
heat source. What is further needed is a heat exchanger 
Which is con?gured to achieve a small pressure drop 
betWeen the inlet and outlet ?uid ports. 

SUMMARY OF THE INVENTION 

[0008] In one aspect of the invention, a heat exchanger 
comprises an interface layer for cooling a heat source, 
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wherein the interface layer is con?gured to pass ?uid 
therethrough and the interface layer includes a thickness 
Within a range of about 0.3 millimeters to about 1.0 milli 
meters, and a manifold layer for circulating ?uid to and from 
the interface layer, the manifold layer having a ?rst set 
?ngers and a second set of ?ngers, Wherein the ?rst set of 
?ngers are disposed in parallel With the second set of ?ngers 
and arranged to reduce pressure drop Within the heat 
exchanger. The ?uid can be in single phase ?oW condition. 
The ?uid can be in tWo phase ?oW ?uid conditions. At least 
a portion of the ?uid can undergo a transition betWeen single 
and tWo phase ?oW conditions in the interface layer. A 
particular ?nger in the ?rst set can be spaced apart by an 
appropriate dimension from a particular ?nger in the second 
set to minimiZe the pressure drop in the heat exchanger. 
Each of the ?ngers can have the same length and Width 
dimensions. At least one of the ?ngers can have a different 
dimension than the remaining ?ngers. The ?ngers can be 
arranged non-periodically in at least one dimension in the 
manifold layer. At least one of the ?ngers can have at least 
one varying dimension along a length of the manifold layer. 
The manifold layer can include more than three and less than 
10 parallel ?ngers. The ?ngers in the ?rst set and second set 
can be alternately disposed along a dimension of the mani 
fold layer. The manifold layer can be con?gured to cool at 
least one interface hot spot region. The heat exchanger can 
also include at least one ?rst port in communication With the 
?rst set of ?ngers, Wherein ?uid enters the heat exchanger 
through the at least one ?rst port. The heat exchanger can 
also include at least one second port in communication With 
the second set of ?ngers, Wherein ?uid exits the heat 
exchanger through the at least one second port. The mani 
fold layer can be positioned above the interface layer, 
Wherein ?uid ?oWs doWnWard through the ?rst set of ?ngers 
and upWard though the second set of ?ngers. The heat 
exchanger can also include a ?rst port passage in commu 
nication With the ?rst port and the ?rst set of ?ngers, the ?rst 
port passage con?gured to channel ?uid from the ?rst port 
to the ?rst set of ?ngers. The heat exchanger can also include 
a second port passage in communication With the second 
port and the second set of ?ngers, the second port passage 
con?gured to channel ?uid from the second set of ?ngers to 
the second port. The interface layer can be integrally formed 
With the heat source. The interface layer can be coupled to 
the heat source. The heat exchanger can also include an 
intermediate layer for channeling ?uid to and from one or 
more predetermined positions in the interface layer via at 
least one conduit, the intermediate layer positioned betWeen 
the interface layer and the manifold layer. The intermediate 
layer can be coupled to the interface layer and the manifold 
layer. The intermediate layer can be integrally formed With 
the interface layer and the manifold layer. The at least one 
conduit can have at least one varying dimension along the 
intermediate layer. The interface layer can include a coating 
thereupon, Wherein the coating provides an appropriate 
thermal conductivity of at least 10 W/m-K. The interface 
layer can have a thermal conductivity of at least 100 W/m-K. 
The heat exchanger can also include a plurality of pillars 
con?gured in a predetermined pattern along the interface 
layer. At least one of the plurality of pillars can have an area 
dimension Within the range of and including (10 micron)2 
and (100 micron)2. At least one of the plurality of pillars can 
have a height dimension Within the range of and including 
50 microns and 2 millimeters. At least tWo of the plurality 
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of pillars can be separate from each other by a spacing 
dimension Within the range of and including 10 to 150 
microns. The plurality of pillars can include a coating 
thereupon, Wherein the coating has an appropriate thermal 
conductivity of at least 10 W/m-K. The interface layer can 
have a roughened surface. The interface layer can include a 
micro-porous structure disposed thereon. The porous micro 
structure can have a porosity Within the range of and 
including 50 to 80 percent. The porous microstructure can 
have an average pore siZe Within the range of and including 
10 to 200 microns. The porous microstructure can have a 
height dimension Within the range of and including 0.25 to 
2.00 millimeters. The heat exchanger can also include a 
plurality of microchannels con?gured in a predetermined 
pattern along the interface layer. At least one of the plurality 
of microchannels can have an area dimension Within the 

range of and including (10 micron)2 and (100 micron)2. At 
least one of the plurality of microchannels can have a height 
dimension Within the range of and including 50 microns and 
2 millimeters. At least tWo of the plurality of microchannels 
can be separate from each other by a spacing dimension 
Within the range of and including 10 to 150 microns. At least 
one of the plurality of microchannels can have a Width 
dimension Within the range of and including 10 to 100 
microns. The plurality of microchannels can be coupled to 
the interface layer. The plurality of microchannels can be 
integrally formed With the interface layer. The plurality of 
microchannels can be divided into segmented arrays With at 
least one groove disposed therebetWeen, Wherein the at least 
one groove is aligned With a corresponding ?nger. The 
plurality of microchannels can include a coating thereupon, 
Wherein the coating has an appropriate thermal conductivity 
of at least 10 W/m-K. An overhang dimension can be Within 
the range of and including 0 to 15 millimeters. 

[0009] In another aspect of the present invention, a heat 
exchanger for cooling a heat source comprises a manifold 
layer including a ?rst set of ?ngers in a ?rst con?guration, 
Wherein each ?nger in the ?rst set channels ?uid at a ?rst 
temperature, the manifold layer further including a second 
set of ?ngers in a second con?guration, Wherein each ?nger 
in the second set channels ?uid at a second temperature, the 
?rst set and second set of ?ngers arranged parallel to each 
other, and an interface layer including a thickness Within a 
range of about 0.3 to 1.0 millimeters, and con?gured to 
receive ?uid at the ?rst temperature at a plurality of ?rst 
locations, Wherein each ?rst location is associated With a 
corresponding ?nger in the ?rst set, the interface layer 
passing ?uid along a plurality of predetermined paths to a 
plurality of second locations, Wherein each second location 
is associated With a corresponding ?nger in the second set. 
The ?uid can be in single phase ?oW conditions. The ?uid 
can be in tWo phase ?oW conditions. At least a portion of the 
?uid can undergo a transition betWeen single and tWo phase 
?oW conditions in the interface layer. A particular ?nger in 
the ?rst set can be spaced apart by an appropriate dimension 
from a particular ?nger in the second set, Wherein the 
appropriate dimension reduces the pressure drop in the heat 
exchanger. The heat exchanger can also include at least one 
?rst port in communication With the ?rst set of ?ngers, 
Wherein ?uid enters the heat exchanger through the at least 
one ?rst port. The heat exchanger can also include at least 
one second port in communication With the second set of 
?ngers, Wherein ?uid exits the heat exchanger through the at 
least one second port. The manifold layer can be positioned 
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above the interface layer, wherein ?uid ?ows downward 
through the ?rst set of ?ngers and upward through the 
second set of ?ngers. The interface layer can be integrally 
formed with the heat source. The interface layer can be 
coupled to the heat source. The ?ngers in the ?rst set can be 
positioned in an alternating con?guration with the ?ngers in 
the second set. Each of the ?ngers can have the same length 
and width dimensions. At least one of the ?ngers can have 
a different dimension than the remaining ?ngers. The ?ngers 
can be arranged non-periodically in at least one dimension 
in the manifold layer. At least one of the ?ngers can have at 
least one varying dimension along a length of the manifold 
layer. The manifold layer can include more than three and 
less than 10 parallel ?ngers. The heat exchanger can also 
include a ?rst port passage in communication with the ?rst 
port and the ?rst set of ?ngers, the ?rst port passage 
con?gured to channel ?uid from the ?rst port to the ?rst set 
of ?ngers. The heat exchanger can also include a second port 
passage in communication with the second port and the 
second set of ?ngers, the second port passage con?gured to 
channel ?uid from the second set of ?ngers to the second 
port. The heat exchanger can also include an intermediate 
layer for channeling ?uid to and from one or more prede 
termined positions in the interface layer via at least one 
conduit, the intermediate layer positioned between the inter 
face layer and the manifold layer. The conduit can be 
arranged in a predetermined con?guration to channel ?uid to 
one or more interface hot spot regions in the interface layer. 
The conduit can be arranged in a predetermined con?gura 
tion to channel ?uid from one or more interface hot spot 
regions in the interface layer. The intermediate layer can be 
coupled to the interface layer and the manifold layer. The 
intermediate layer can be integrally formed with the inter 
face layer and the manifold layer. The conduit can have at 
least one varying dimension in the intermediate layer. The 
interface layer can include a coating thereupon, wherein the 
coating provides an appropriate thermal conductivity of at 
least 10 W/m-K. The interface layer can have a thermal 
conductivity is at least 10 W/m-K. The heat exchanger can 
also include a plurality of pillars con?gured in a predeter 
mined pattern along the interface layer. At least one of the 
plurality of pillars can have an area dimension within the 
range of and including (10 micron)2 and (100 micron)2. At 
least one of the plurality of pillars can have a height 
dimension within the range of and including 50 microns and 
2 millimeters. At least two of the plurality of pillars can be 
separate from each other by a spacing dimension within the 
range of and including 10 to 150 microns. The plurality of 
pillars can include a coating thereupon, wherein the coating 
has an appropriate thermal conductivity of at least 10 
W/m-K. The interface layer can have a roughened surface. 
The interface layer can include a micro-porous structure 
disposed thereon. The porous microstructure can have a 
porosity within the range of and including 50 to 80 percent. 
The porous microstructure can have an average pore siZe 
within the range of and including 10 to 200 microns. The 
porous microstructure can have a height dimension within 
the range of and including 0.25 to 2.00 millimeters. The heat 
exchanger can also include a plurality of microchannels 
con?gured in a predetermined pattern along the interface 
layer. At least one of the plurality of microchannels can have 
an areazdimension within the range of and including (10 
micron) and (100 micron)2. At least one of the plurality of 
microchannels can have a height dimension within the range 
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of and including 50 microns and 2 millimeters. At least two 
of the plurality of microchannels can be separate from each 
other by a spacing dimension within the range of and 
including 10 to 150 microns. At least one of the plurality of 
microchannels can have a width dimension within the range 
of and including 10 to 100 microns. The microchannels can 
be coupled to the interface layer. The microchannels can be 
integrally formed with the interface layer. The microchan 
nels can be divided into segments along a dimension of the 
interface layer, at least one groove disposed in between the 
divided microchannel segments. The microchannels can be 
continuous along a dimension of the interface layer. The at 
least one groove can be aligned with a corresponding ?nger. 
The plurality of microchannels can include a coating there 
upon, wherein the coating has an appropriate thermal con 
ductivity of at least 20 W/m-K. An overhang dimension can 
be within the range of and including 0 to 15 millimeters. 

[0010] Other features and advantages of the present inven 
tion will become apparent after reviewing the detailed 
description of the preferred embodiments set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1A illustrates a side view of a conventional 
heat exchanger. 

[0012] FIG. 1B illustrates a top view of the conventional 
heat exchanger. 

[0013] FIG. 1C illustrates a side view diagram of a prior 
art multi-level heat exchanger. 

[0014] FIG. 2A illustrates a schematic diagram of a closed 
loop cooling system incorporating a preferred embodiment 
of the ?exible ?uid delivery microchannel heat exchanger of 
the present invention. 

[0015] FIG. 2B illustrates a schematic diagram of a closed 
loop cooling system incorporating an alternative embodi 
ment of the ?exible ?uid delivery microchannel heat 
exchanger of the present invention. 

[0016] FIG. 3A illustrates a top view of an alternative 
manifold layer of the heat exchanger in accordance with the 
present invention. 

[0017] FIG. 3B illustrates an exploded view of an alter 
native heat exchanger with the alternative manifold layer in 
accordance with the present invention. 

[0018] FIG. 4 illustrates a perspective view of the pre 
ferred interwoven manifold layer in accordance with the 
present invention. 

[0019] FIG. 5 illustrates a top view of the preferred 
interwoven manifold layer with interface layer in accor 
dance with the present invention. 

[0020] FIG. 6A illustrates a cross-sectional view of the 
preferred interwoven manifold layer with interface layer of 
the present invention along lines A-A. 

[0021] FIG. 6B illustrates a cross-sectional view of the 
preferred interwoven manifold layer with interface layer of 
the present invention along lines B-B. 

[0022] FIG. 6C illustrates a cross-sectional view of the 
preferred interwoven manifold layer with interface layer of 
the present invention along lines C-C. 
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[0023] FIG. 7A illustrates an exploded vieW of the pre 
ferred interwoven manifold layer With interface layer of the 
present invention. 

[0024] FIG. 7B illustrates a perspective vieW of an alter 
native embodiment of the interface layer of the present 
invention. 

[0025] FIG. 8A illustrates a top vieW diagram of an 
alternate manifold layer in accordance With the present 
invention. 

[0026] FIG. 8B illustrates a top vieW diagram of the 
interface layer in accordance With the present invention. 

[0027] FIG. 8C illustrates a top vieW diagram of the 
interface layer in accordance With the present invention. 

[0028] FIG. 9A illustrates a side vieW diagram of the 
alternative embodiment of the three tier heat exchanger in 
accordance With the present invention. 

[0029] FIG. 9B illustrates a side vieW diagram of the 
alternative embodiment of the tWo tier heat exchanger in 
accordance With the present invention. 

[0030] FIG. 10 illustrates a perspective vieW of the inter 
face layer having a micro-pin array in accordance With the 
present invention. 

[0031] FIG. 11 illustrates a cut-aWay perspective vieW 
diagram of the alternate heat exchanger in accordance With 
the present invention. 

[0032] FIG. 12 illustrates a side vieW diagram of the 
interface layer of the heat exchanger having a coating 
material applied thereon in accordance With the present 
invention. 

[0033] FIG. 13 illustrates a ?oW chart of an alternative 
method of manufacturing the heat exchanger in accordance 
With the present invention. 

[0034] FIG. 14 illustrates a schematic of an alternate 
embodiment of the present invention having tWo heat 
exchangers coupled to a heat source. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0035] Generally, the heat exchanger captures thermal 
energy generated from a heat source by passing ?uid through 
selective areas of the interface layer Which is preferably 
coupled to the heat source. In particular, the ?uid is directed 
to speci?c areas in the interface layer to cool the hot spots 
and areas around the hot spots to generally create tempera 
ture uniformity across the heat source While maintaining a 
small pressure drop Within the heat exchanger. As discussed 
in the different embodiments beloW, the heat exchanger 
utiliZes a plurality of apertures, channels and/or ?ngers in 
the manifold layer as Well as conduits in the intermediate 
layer to direct and circulate ?uid to and from selected hot 
spot areas in the interface layer. Alternatively, the heat 
exchanger includes several ports Which are speci?cally 
disposed in predetermined locations to directly deliver ?uid 
to and remove ?uid from the hot spots to effectively cool the 
heat source. 

[0036] It is apparent to one skilled in the art that although 
the microchannel heat exchanger of the present invention is 
described and discussed in relation to ?exible ?uid delivery 
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for cooling hot spot locations in a device, the heat exchanger 
is alternatively used for ?exible ?uid delivery for heating a 
cold spot location in a device. It should also be noted that 
although the present invention is preferably described as a 
microchannel heat exchanger, the present invention can be 
used in other applications and is not limited to the discussion 
herein. 

[0037] FIG. 2A illustrates a schematic diagram of a closed 
loop cooling system 30 Which includes a preferred ?exible 
?uid delivery microchannel heat exchanger 400 in accor 
dance With the present invention. In addition, FIG. 2B 
illustrates a schematic diagram of a closed loop cooling 
system 30 Which includes an alternative ?exible ?uid deliv 
ery microchannel heat exchanger 200 With multiple ports 
108, 109 in accordance With the present invention. 

[0038] As shoWn in FIG. 2A, the ?uid ports 108, 109 are 
coupled to ?uid lines 38 Which are coupled to a pump 32 and 
heat condensor 30. The pump 32 pumps and circulates ?uid 
Within the closed loop 30. It is preferred that one ?uid port 
108 is used to supply ?uid to the heat exchanger 100. In 
addition, it is preferred that one ?uid port 109 is used to 
remove ?uid from the heat exchanger 100. Preferably a 
uniform, constant amount of ?uid ?oW enters and exits the 
heat exchanger 100 via the respective ?uid ports 108, 109. 
Alternatively, different amounts of ?uid ?oW enter and exit 
through the inlet and outlet port(s) 108, 109 at a given time. 
Alternatively, as shoWn in FIG. 2B, one pump provides ?uid 
to several designated inlet ports 108. Alternatively, multiple 
pumps (not shoWn), provide ?uid to their respective inlet 
and outlet ports 108, 109. In addition, the dynamic sensing 
and control module 34 is alternatively employed in the 
system to variate and dynamically control the amount and 
?oW rate of ?uid entering and exiting the preferred or 
alternative heat exchanger in response to varying hot spots 
or changes in the amount of heat in a hot spot location as 
Well as the locations of the hot spots. 

[0039] The preferred embodiment is a three level heat 
exchanger 400 Which includes an interface layer 402, at least 
one intermediate layer 404 and at least one manifold layer 
406. The preferred manifold layer 402 and the preferred 
interface layer 402 are shoWn in FIG. 7 and the intermediate 
layer 104 is shoWn in FIG. 3B. Alternatively, as discussed 
beloW, the heat exchanger 400 is a tWo level apparatus Which 
includes the interface layer 402 and the manifold layer 406, 
as shoWn in FIG. 7. As shoWn in FIGS. 2A and 2B, the heat 
exchanger 400 is coupled to a heat source 99, such as an 
electronic device, including, but not limited to a microchip 
and integrated circuit, Whereby a thermal interface material 
98 is preferably disposed betWeen the heat source 99 and the 
heat exchanger 100. Alternatively, the heat exchanger 400 is 
directly coupled to the surface of the heat source 99. It is also 
apparent to one skilled in the art that the heat exchanger 400 
is alternatively integrally formed into the heat source 99, 
Whereby the heat exchanger 400 and the heat source 99 are 
formed as one piece. Thus, the interface layer 102 is 
integrally disposed With the heat source 99 and is formed as 
one piece With the heat source. 

[0040] It is preferred that the heat exchanger 400 of the 
present invention is con?gured to be directly or indirectly in 
contact With the heat source 99 Which is rectangular in 
shape, as shoWn in the ?gures. HoWever, it is apparent to one 
skilled in the art that the heat exchanger 400 can have any 
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other shape conforming With the shape of the heat source 99. 
For example, the heat exchanger of the present invention can 
be con?gured to have an outer semicircular shape Which 
allows the heat exchanger (not shoWn) to be in direct or 
indirect contact With a corresponding semicircular shaped 
heat source (not shoWn). In addition, it is preferred that the 
heat exchanger 400 is slightly larger in dimension than the 
heat source Within the range of and including 0.5-5.0 mil 
limeters. 

[0041] FIG. 3A illustrates a top vieW of the alternate 
manifold layer 106 of the present invention. In particular, as 
shoWn in FIG. 3B, the manifold layer 106 includes four 
sides as Well as a top surface 130 and a bottom surface 132. 
HoWever, the top surface 130 is removed in FIG. 3A to 
adequately illustrate and describe the Workings of the mani 
fold layer 106. As shoWn in FIG. 3A, the manifold layer 106 
has a series of channels or passages 1116, 118, 120, 122 as 
Well as ports 108, 109 formed therein. The ?ngers 1118, 120 
extend completely through the body of the manifold layer 
106 in the Z-direction as shoWn in FIG. 3B. Alternatively, 
the ?ngers 118 and 120 extend partially through the mani 
fold layer 106 in the Z-direction and have apertures as 
shoWn in FIG. 3A. In addition, passages 116 and 122 extend 
partially through the manifold layer 106. The remaining 
areas betWeen the inlet and outlet passages 116, 120, des 
ignated as 107, extend from the top surface 130 to the 
bottom surface 132 and form the body of the manifold layer 
106. 

[0042] As shoWn in FIG. 3A, the ?uid enters manifold 
layer 106 via the inlet port 108 and ?oWs along the inlet 
channel 116 to several ?ngers 118 Which branch out from the 
channel 116 in several directions in the X and/orY directions 
to apply ?uid to selected regions in the interface layer 102. 
The ?ngers 118 are arranged in different predetermined 
directions to deliver ?uid to the locations in the interface 
layer 102 corresponding to the areas at or near the hot spots 
in the heat source. These locations in the interface layer 102 
are hereinafter referred to as interface hot spot regions. The 
?ngers are con?gured to cool stationary as Well as tempo 
rally varying interface hot spot regions. As shoWn in FIG. 
3A, the channels 116, 122 and ?ngers 118, 120 are disposed 
in the X and/or Y directions in the manifold layer 106. Thus, 
the various directions of the channels 116, 122 and ?ngers 
1118, 120 alloW delivery of ?uid to cool hot spots in the heat 
source 99 and/or minimiZe pressure drop Within the heat 
exchanger 100. Alternatively, channels 116, 122 and ?ngers 
1118, 120 are periodically disposed in the manifold layer 
106 and exhibit a pattern, as in the preferred embodiment. 

[0043] The arrangement as Well as the dimensions of the 
?ngers 118, 120 are determined in light of the hot spots in 
the heat source 99 that are desired to be cooled. The 
locations of the hot spots as Well as the amount of heat 
produced near or at each hot spot are used to con?gure the 
manifold layer 106 such that the ?ngers 118, 120 are placed 
above or proximal to the interface hot spot regions in the 
interface layer 102. The manifold layer 106 preferably 
alloWs one phase and/or tWo-phase ?uid to circulate to the 
interface layer 102 Without alloWing a substantial pressure 
drop from occurring Within the heat exchanger 100 and the 
system 30 (FIG. 2A). The ?uid delivery to the interface hot 
spot regions creates a uniform temperature at the interface 
hot spot region as Well as areas in the heat source adjacent 
to the interface hot spot regions. 
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[0044] The dimensions as Well as the number of channels 
116 and ?ngers 118 depend on a number of factors. In one 
embodiment, the inlet and outlet ?ngers 118, 120 have the 
same Width dimensions. Alternatively, the inlet and outlet 
?ngers 118, 120 have different Width dimensions. The Width 
dimensions of the ?ngers 118, 120 are preferably Within the 
range of and including 0.25-0.50 millimeters. In one 
embodiment, the inlet and outlet ?ngers 118, 120 have the 
same length and depth dimensions. Alternatively, the inlet 
and outlet ?ngers 118, 120 have different length and depth 
dimensions. In another embodiment, the inlet and outlet 
?ngers 118, 120 have varying Width dimensions along the 
length of the ?ngers. The length dimensions of the inlet and 
outlet ?ngers 118, 120 are Within the range of and including 
0.5 millimeters to three times the siZe of the heat source 
length. In addition, the ?ngers 118, 120 have a height or 
depth dimension Within the range and including 0.25-0.50 
millimeters. In addition, less than 10 or more than 30 ?ngers 
per centimeter are disposed in the manifold layer 106. 
HoWever, it is apparent to one skilled in the art that betWeen 
10 and 30 ?ngers per centimeter in the manifold layer is 
alternatively contemplated. 
[0045] It is contemplated Within the present invention to 
tailor the geometries of the ?ngers 118, 120 and channels 
116, 122 to be in non-periodic arrangement to aid in opti 
miZing hot spot cooling of the heat source. In order to 
achieve a uniform temperature across the heat source 99, the 
spatial distribution of the heat transfer to the ?uid is matched 
With the spatial distribution of the heat generation. As the 
?uid ?oWs along the interface layer through the microchan 
nels 110, its temperature increases and as it begins to 
transform to vapor under tWo-phase conditions. Thus, the 
?uid undergoes a signi?cant expansion Which results in a 
large increase in velocity. Generally, the efficiency of the 
heat transfer from the interface layer to the ?uid is improved 
for high velocity ?oW. Therefore, it is possible to tailor the 
ef?ciency of the heat transfer to the ?uid by adjusting the 
cross-sectional dimensions of the ?uid delivery and removal 
?ngers 118, 120 and channels 116, 122 in the heat exchanger 
100. 

[0046] For example, a particular ?nger can be designed for 
a heat source Where there is higher heat generation near the 
inlet. In addition, it may be advantageous to design a larger 
cross section for the regions of the ?ngers 118, 120 and 
channels 116, 122 Where a mixture of ?uid and vapor is 
expected. Although not shoWn, a ?nger can be designed to 
start out With a small cross sectional area at the inlet to cause 

high velocity How of ?uid. The particular ?nger or channel 
can also be con?gured to expand to a larger cross-section at 
a doWnstream outlet to cause a loWer velocity ?oW. This 
design of the ?nger or channel alloWs the heat exchanger to 
minimiZe pressure drop and optimiZe hot spot cooling in 
areas Where the ?uid increases in volume, acceleration and 
velocity due to transformation from liquid to vapor in 
tWo-phase ?oW. 

[0047] In addition, the ?ngers 118, 120 and channels 116, 
122 can be designed to Widen and then narroW again along 
their length to increase the velocity of the ?uid at different 
places in the microchannel heat exchanger 100. Alterna 
tively, it may be appropriate to vary the ?nger and channel 
dimensions from large to small and back again many times 
over in order to tailor the heat transfer efficiency to the 
expected heat dissipation distribution across the heat source 
























