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(57) ABSTRACT 

An electronic device includes a package surrounding at least 
one integrated circuit, a micro-?uidic cooler in the package, 
and a controller for controlling the micro-?uidic cooler so 
that the cooling ?uid provides evaporative cooling, such as 
droplet impingement cooling. The electronic device may 
comprise a poWer consumption sensor connected to the at 
least one integrated circuit, and the controller may control 
the micro-?uidic cooler responsive to the poWer consump 
tion sensor. Atemperature sensor may be connected to the at 
least one integrated circuit, and the controller may control 
the micro-?uidic cooler responsive to the sensed tempera 
ture. The micro-?uidic cooler may comprise at least one 
droplet generator for generating and impinging droplets of 
cooling ?uid onto the integrated circuit. The at least one 
droplet generator may comprise at least one micro-electro 
mechanical (MEMs) pump. The electronic device may also 
include at least one heat exchanger carried by the package 
and connected in ?uid communication With the micro-?uidic 
cooler. The package may have a parallelepiped shape With a 
?rst pair of opposing major surfaces, a second pair of 
opposing side surfaces and a third pair of opposing end 
surfaces. In these embodiments, the at least one heat 

Int. Cl.7 ..................................................... .. H05K 7/20 exchanger may preferably comprise a pair of heat exchang 
U.S. Cl. ...................... .. 361/700; 62/2592; 165/804 ers coupled to the second pair of opposing side surfaces. 
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ELECTRONIC DEVICE USING EVAPORATIVE 
MICRO-COOLING AND ASSOCIATED METHODS 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of elec 
tronic devices, and, more particularly, to electronic devices 
including micro-?uidic cooling of one or more integrated 
circuits and associated methods. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuits are Widely used in many types of 
electronic equipment. An integrated circuit may include a 
silicon or gallium arsenide substrate including a number of 
active devices, such as transistors, etc. formed in an upper 
surface of the substrate. It is also typically required to 
support one or more such integrated circuits in a package 
that provides protection and permits external electrical con 
nection. 

[0003] As the density of active devices on typical inte 
grated circuits has increased, dissipation of the heat gener 
ated has become increasingly more important. In particular, 
a relatively large amount of heat may be generated in 
multi-chip modules (MCMs), microWave transmitters, and 
photonic devices, for example. US. Pat. No. 5,987,803 to 
SchulZ-Harder et al. discloses a cooling package, such as for 
a laser device, including channels through Which cooling 
Water ?oWs. Heat is removed using a series of Peltier 
elements in the package. 

[0004] Advances in micro-electromechanical (MEMs) 
technology have alloWed designers to develop further cool 
ing techniques for integrated circuits based on circulating 
dielectric cooling ?uids adjacent an integrated circuit to 
thereby remove Waste heat. For example, US. Pat. No. 
5,876,187 to AfromoWitZ et al. discloses micro-pumps With 
associated valves that may be used for a number of appli 
cations, such as environmental, biomedical, medical, bio 
technical, printing, analytical instrumentation, and miniature 
cooling applications. 
[0005] Heat may be removed from an integrated circuit by 
free convective cooling of gases or liquids. The liquids 
typically remove more heat. Forced convective cooling may 
provide additional ef?ciency as the gases or liquids are 
circulated in contact With the device to be cooled. Cooling 
using boiling liquid provides yet higher ef?ciency. 
[0006] Unfortunately, an integrated circuit may operate at 
different poWer levels and thereby generate different 
amounts of Waste heat. Accordingly, a typical MEMs micro 
cooling system may not operate efficiently over all of the 
possible operating ranges of the integrated circuit. 

SUMMARY OF THE INVENTION 

[0007] In vieW of the foregoing background it is therefore 
an object of the invention to provide an electronic device and 
associated methods Which provide highly ef?cient cooling 
for the one or more integrated circuits in the overall package. 

[0008] This and other objects, features and advantages in 
accordance With one aspect of the present invention are 
provided by an electronic device comprising a package 
surrounding at least one integrated circuit, a micro-?uidic 
cooler in the package, and a controller for controlling the 
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micro-?uidic cooler so that the cooling ?uid provides evapo 
rative cooling. The controller may also be provided in the 
package. Evaporative cooling provides very ef?cient cooling 
since it may be based upon droplet impingement and boiling 
of the cooling ?uid. Such evaporative micro-cooling is 
considerably more ef?cient than free convective or forced 
convective cooling. The electronic device may be relatively 
compact and yet have a highly ef?cient cooling system for 
the removal of Waste heat from the at least one integrated 
circuit. 

[0009] The electronic device may comprise a poWer con 
sumption sensor connected to the at least one integrated 
circuit, and the controller may control the micro-?uidic 
cooler responsive to the poWer consumption sensor. Alter 
nately or additionally, a temperature sensor may be con 
nected to the at least one integrated circuit, and the controller 
may control the micro-?uidic cooler responsive to the 
sensed temperature. 

[0010] The micro-?uidic cooler may comprise at least one 
droplet generator for generating and impinging droplets of 
cooling ?uid onto the integrated circuit. More particularly, 
the at least one droplet generator may comprise at least one 
micro-electromechanical (MEMs) pump. 

[0011] The electronic device may also include at least one 
heat exchanger carried by the package and connected in ?uid 
communication With the micro-?uidic cooler. In one par 
ticularly advantageous class of embodiments, the package 
may have a parallelepiped shape With a ?rst pair of opposing 
major surfaces, a second pair of opposing side surfaces and 
a third pair of opposing end surfaces. In these embodiments, 
the at least one heat exchanger may preferably comprise a 
pair of heat exchangers, each coupled to a respective one of 
the second pair of opposing side surfaces. This con?guration 
may facilitate stacking of a plurality of such units or 
modules. Each module may also comprise electrical con 
nectors carried by at least one of the ?rst pair of opposing 
major surfaces and the third pair of opposing end surfaces. 

[0012] The package may comprise a base and a lid con 
nected thereto de?ning a cavity receiving the at least one 
integrated circuit. The micro-?uidic cooler may comprise at 
least one micro-?uidic passageWay extending through the 
base and directed toWard the at least one integrated circuit. 
In addition, the at least one integrated circuit may comprise 
an active surface comprising active devices therein, and the 
at least one integrated circuit may be positioned so that the 
active surface is adjacent the at least one micro-?uidic 
passageWay. In this arrangement, the droplets of the cooling 
?uid may be delivered directly onto the active surface of the 
integrated circuit to ef?ciently remove heat therefrom. Also, 
using such ?ip chip bonding, a plurality of bodies, such as 
solder balls, may connect the at least one integrated circuit 
to the base in spaced apart relation therefrom so that cooling 
?uid also ?oWs adjacent the bodies and into the cavity. Heat 
is also removed from the solder balls, and cooling ef?ciency 
is further enhanced. 

[0013] The package may comprise loW temperature co 
?red ceramic (LTCC) material. This material offers advan 
tages in terms of ruggedness, and an ability to form recesses 
and passageWays therein. 

[0014] Another aspect of the invention relates to a method 
for cooling at least one integrated circuit in a package also 
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including a micro-?uidic cooler therein. The micro-?uidic 
cooler may also include a cooling ?uid. The method pref 
erably comprises controlling the micro-?uidic cooler so that 
the cooling ?uid provides evaporative cooling. The control 
ling may further comprise sensing poWer consumption of the 
at least one integrated circuit and controlling the micro 
?uidic cooler responsive thereto. Controlling may alter 
nately comprise sensing a temperature of the at least one 
integrated circuit and controlling the micro-?uidic cooler 
responsive thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a perspective vieW of the electronic 
device in accordance With the invention. 

[0016] FIG. 2 is a schematic cross-sectional vieW of the 
electronic device as shoWn in FIG. 1 With the heat sinks 
removed for clarity. 

[0017] FIG. 3 is a transparent perspective vieW of the 
electronic device as shoWn in FIG. 1 With the heat sinks 
removed for clarity. 

[0018] FIG. 4 is a transparent top plan vieW of the 
electronic device as shoWn in FIG. 1. 

[0019] FIG. 5 is a graph illustrating comparisons of the 
evaporative cooling ef?ciency of the present invention ver 
sus various convective cooling approaches. 

[0020] FIG. 6 is a perspective vieW of a plurality of the 
electronic devices as shoWn in FIG. 1 assembled in stacked 
relation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
illustrated embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure Will be 
thorough and complete, and Will fully convey the scope of 
the invention to those skilled in the art. Like numbers refer 
to like elements throughout. 

[0022] Referring initially to FIGS. 1-5, the electronic 
device 20 in accordance With the invention is noW initially 
described. The electronic device 20 includes a package 21 
surrounding an integrated circuit 22. The package 21 
includes a base 21a and a lid 21b connected thereto. The 
package 21 may comprise loW temperature co-?red ceramic 
(LTCC) material, for eXample. This material offers advan 
tages in terms of ruggedness, and an ability to form recesses 
and small stable passageWays therein, as Well as to provide 
electrical paths therethrough. Of course, other similar mate 
rials may be used as Well. Also, in other embodiments, tWo 
or more integrated circuits 22 may be carried by the package 
21 as Will be appreciated by those skilled in the art. 

[0023] The electronic device also includes a micro-?uidic 
cooler 25 in the package 21, and a controller schematically 
illustrated by block 30 in FIG. 2 for controlling the micro 
?uidic cooler so that the cooling ?uid provides evaporative 
cooling as Will be described in greater detail beloW. The 
evaporative cooling may be based upon droplet impinge 

Jun. 20, 2002 

ment to provide yet greater heat removal capacity as Will be 
appreciated by those skilled in the art and as explained in 
greater detail beloW. The controller 30 may be provided by 
circuitry on the integrated circuit 22, or may be a separate 
circuit Within the package 21. Alternately, the controller 30 
may also be provided eXternal to the package 30 in some 
other embodiments. In yet other embodiments, portions of 
the controller 30 may be provided both inside and outside 
the package 21. 

[0024] The electronic device 20 may comprise a poWer 
consumption sensor schematically illustrated by block 31 in 
FIG. 2 that is connected to the integrated circuit 22 to sense 
its poWer consumption. Typically such a sensor Would sense 
current ?oW through the one or more poWer supply leads to 
the integrated circuit 22. Accordingly, the controller 30 may 
control the micro-?uidic cooler 25 responsive to the poWer 
consumption sensor. Alternately, a temperature sensor sche 
matically illustrated by the dashed block 32 in FIG. 2 may 
be connected to the integrated circuit 22, and the controller 
30 may control the micro-?uidic cooler 25 responsive to the 
sensed temperature. Of course, in other embodiments, a 
combination of these sensors 31, 32 may be used. 

[0025] The micro-?uidic cooler may comprise at least one 
droplet generator for generating and impinging droplets of 
cooling ?uid onto the integrated circuit. More particularly, 
the at least one droplet generator comprises at least one 
micro-electromechanical (MEMs) pump. In the illustrated 
embodiment, a series of MEMs pumps 35 are provided 
Within a pump cavity 36 in the base 21. The MEMs pumps 
35 are connected at their inlets to the micro-?uidic passage 
Ways or channels 37. 

[0026] As Will be appreciated by those skilled in the art, 
the term MEMs pump 35 is used herein to denote any MEMs 
type device Which can cause the movement of cooling ?uid. 
It Will be recogniZed that a typical MEMs pump may include 
a MEMs actuator and one or more valves associated there 
With to control ?uid ?oW. 

[0027] The electronic device 20 may also include at least 
one heat eXchanger carried by the package 21 and connected 
in ?uid communication With the micro-?uidic cooler 25. In 
one particularly advantageous class of embodiments and as 
shoWn in the illustrated electronic device 20, the package 21 
may have a parallelepiped shape With a ?rst pair of opposing 
major surfaces 24a, 24b (see FIG. 2) a second pair of 
opposing side surfaces 24c, 24d (see FIGS. 2 and 3) and a 
third pair of opposing end surfaces 24e, 24f (see FIG. 3). 
[0028] In the illustrated embodiment of the electronic 
device 20, the at least one heat eXchanger comprises a pair 
of heat eXchangers 40a, 40b, each being coupled to a 
respective one of the second pair of opposing side surfaces 
24c, 24d. As perhaps best shoWn in FIG. 4, each heat 
eXchanger 40, 41, in turn, includes a respective body portion 
42, 43. Each body portion 42, 43 includes micro?uidic 
passageWays 44, 45 therein. In addition, each body portion 
42, 43 also carries a set of respective cooling ?ns 46, 47. 

[0029] In other embodiments, the heat eXchangers 40, 41 
may include additional liquid passageWays, not shoWn, for 
providing a liquid-to-liquid eXchange of heat rather that the 
liquid-to-air eXchange as shoWn in the illustrated embodi 
ment. 

[0030] The package 21, as best shoWn in FIG. 1, may 
carry electrical connectors 29 on at least one of the ?rst pair 
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of opposing major surfaces and the third pair of opposing 
end surfaces. As shoWn in the illustrated device 20, connec 
tors 29 may be provided on both pairs of surfaces. In other 
embodiments, edge connectors may be provided to connect 
to a ribbon type cable, for example, as Will be appreciated by 
those skilled in the art. 

[0031] The base and lid 21, 21b of the package 21 may be 
con?gured to de?ne a cavity 28 receiving the integrated 
circuit 22. The micro-?uidic cooler 25 also illustratively 
includes a series of spaced apart micro-?uidic passageWays 
50 extending through the base 21b and directed toWard the 
integrated circuit 22. 

[0032] As Will be appreciated by those skilled in the art, 
the integrated circuit 22 may comprise an active surface 22a 
With active devices therein. As shoWn in the illustrated 
embodiment, the integrated circuit 22 is mounted using ?ip 
chip technology so that the active surface 22a is adjacent the 
outlet ends of the micro-?uidic passageWays 50. Accord 
ingly, the droplets of the cooling ?uid may be delivered 
directly onto the active surface 22a of the integrated circuit 
22 to ef?ciently remove heat therefrom. 

[0033] In accordance With ?ip chip bonding techniques, a 
plurality of bodies, such as solder balls 52, are used to mount 
and electrically connect the integrated circuit 22 to corre 
sponding electrical traces, not shoWn, carried by the base 
24b. The integrated circuit 22 is thereby positioned in spaced 
apart relation from the base 24b so that cooling ?uid also 
?oWs adjacent the solder balls 52 and into the cavity 28 
surrounding the integrated circuit 22. Accordingly, heat is 
also removed from the solder balls 52, and cooling from the 
active surface 22a of the integrated circuit 22 is further 
enhanced. Heat may also be removed from the back surface 
of the integrated circuit 22 as cooling ?uid ?oWs through the 
cavity 28. 

[0034] As Will be appreciated by those skilled in the art, in 
other embodiments, the integrated circuit 22 may be 
attached With its bottom surface connected to the base 24b. 
Accordingly, the cooling ?uid may be directed to the bottom 
surface to still provide ef?cient cooling, or the cooling ?uid 
can be directed to the exposed active surface using a shoWer 
type arrangement. 

[0035] Turning noW more particularly to the graphs of 
FIG. 5, the advantages of using a controller 30 to control the 
micro-cooler 25 to provide evaporative cooling is noW 
described in further detail. The top tWo plots 60, 61 provide 
values of heat transfer coef?cients in Btu/Hr Ft2 F for free 
convective cooling using air and FLUORINERT vapor, 
respectively. The next three plots from the top 62, 63 and 64 
provide similar values for silicone oil, FLUORINERT liquid 
and Water, respectively, for free convective cooling. FLUO 
RINERT materials are heat transfer materials available from 
3M as Will be appreciated by those skilled in the art. 

[0036] Forced convective cooling using air and FLUORI 
NERT vapor are given by plots 65 and 66. Forced convective 
cooling values using silicone oil, FLUORINERT liquid, and 
Water are given by plots 70, 71 and 72. As can be seen forced 
convective cooling provides greater heat transfer than free 
convective cooling, and liquids are generally superior to 
gases. 

[0037] Plots 73 and 74 are for FLUORINERT liquid and 
Water, respectively, operating at their boiling points. The plot 

Jun. 20, 2002 

portion indicated by reference numeral 73a, is for ?oW 
boiling along With subcooling, and the plot portion 73b is for 
droplet impingement evaporative cooling. As Will be readily 
appreciated, evaporative cooling provides very ef?cient 
cooling, especially When the micro-cooler is operated at the 
regime using droplet impingement evaporative cooling. 
[0038] Turning noW additionally to FIG. 6, an assembly of 
stacked devices 20‘ is noW described. Because of the paral 
lelepiped shape of each electronic module or device 20‘, a 
series of such devices may be stacked on top of each other. 
In addition, in the illustrated embodiment, each of the 
electronic devices 20‘ may include an edge connector 76. 

[0039] Many modi?cations and other embodiments of the 
invention Will come to the mind of one skilled in the art 
having the bene?t of the teachings presented in the forego 
ing descriptions and the associated draWings. Accordingly, it 
is understood that the invention is not to be limited to the 
embodiments disclosed, and that other modi?cations and 
embodiments are intended to be included Within the spirit 
and scope of the appended claims. 

That Which is claimed is: 
1. An electronic device comprising: 

at least one integrated circuit; 

a package surrounding said at least one integrated circuit; 

a micro-?uidic cooler in said package and thermally 
coupled to said at least one integrated circuit to remove 
heat therefrom, said micro-?uidic cooler comprising a 
cooling ?uid; and 

a controller for controlling said micro-?uidic cooler so 
that the cooling ?uid provides evaporative cooling. 

2. An electronic device according to claim 1 Wherein said 
controller is contained Within said package. 

3. An electronic device according to claim 1 further 
comprising a poWer consumption sensor connected to said at 
least one integrated circuit; and Wherein said controller 
controls said micro-?uidic cooler responsive to said poWer 
consumption sensor. 

4. An electronic device according to claim 1 further 
comprising a temperature sensor connected to said at least 
one integrated circuit; and Wherein said controller controls 
said micro-?uidic cooler responsive to said temperature 
sensor. 

5. An electronic device according to claim 1 Wherein said 
micro-?uidic cooler comprises at least one droplet generator 
for generating and impinging droplets of cooling ?uid onto 
said integrated circuit. 

6. An electronic device according to claim 4 Wherein said 
at least one droplet generator comprises at least one micro 
electromechanical (MEMs) pump. 

7. An electronic device according to claim 1 further 
comprising at least one heat exchanger carried by said 
package and connected in ?uid communication With said 
micro-?uidic cooler. 

8. An electronic device according to claim 7 Wherein said 
package has a parallelepiped shape With a ?rst pair of 
opposing major surfaces, a second pair of opposing side 
surfaces and a third pair of opposing end surfaces; and 
Wherein said at least one heat exchanger comprises a pair of 
heat exchangers coupled to said second pair of opposing side 
surfaces. 
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9. An electronic device according to claim 7 further 
comprising electrical connectors carried by at least one of 
said ?rst pair of opposing major surfaces and said third pair 
of opposing end surfaces. 

10. An electronic device according to claim 1 Wherein 
said package comprises a base and a lid connected thereto 
de?ning a cavity receiving said at least one integrated 
circuit. 

11. An electronic device according to claim 10 Wherein 
said micro-?uidic cooler comprises at least one micro-?uidic 
passageWay extending through said base and directed 
toWard said at least one integrated circuit. 

12. An electronic device according to claim 10 Wherein 
said at least one integrated circuit comprises an active 
surface comprising active devices therein; and Wherein at 
least one integrated circuit is positioned so that the active 
surface is adjacent said at least one micro-?uidic passage 
Way. 

13. An electronic device according to claim 10 further 
comprising a plurality of bodies connecting said at least one 
integrated circuit to said base in spaced apart relation 
therefrom so that cooling ?uid ?oWs adjacent said bodies 
and into the cavity. 

14. An electronic device according to claim 1 Wherein 
said package comprises loW temperature co-?red ceramic 
(LTCC) material. 

15. An electronic device comprising: 

at least one integrated circuit; 

a package surrounding said at least one integrated circuit; 

a micro-?uidic cooler in said package and thermally 
coupled to said at least one integrated circuit to remove 
heat therefrom, said micro-?uidic cooler comprising a 
cooling ?uid and at least one micro-electromechanical 
(MEMs) pump for generating cooling ?uid droplets; 

a sensor for sensing a condition of said at least one 

integrated circuit; and 

a controller carried by said package for controlling said at 
least one MEMs pump based upon said sensor so that 
the cooling ?uid provides droplet impingement evapo 
rative cooling. 

16. An electronic device according to claim 15 Wherein 
said sensor comprises a poWer consumption sensor con 
nected to said at least one integrated circuit. 

17. An electronic device according to claim 15 Wherein 
said sensor comprises a temperature sensor connected to 
said at least one integrated circuit. 

18. An electronic device according to claim 15 further 
comprising at least one heat exchanger carried by said 
package and connected in ?uid communication With said 
micro-?uidic cooler. 

19. An electronic device according to claim 18 Wherein 
said package has a parallelepiped shape With a ?rst pair of 
opposing major surfaces, a second pair of opposing side 
surfaces and a third pair of opposing end surfaces; and 
Wherein said at least one heat exchanger comprises a pair of 
heat exchangers coupled to said second pair of opposing side 
surfaces. 

20. An electronic device according to claim 18 further 
comprising electrical connectors carried by at least one of 
said ?rst pair of opposing major surfaces and said third pair 
of opposing end surfaces. 
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21. An electronic device according to claim 15 Wherein 
said package comprises a base and a lid connected thereto 
de?ning a cavity receiving said at least one integrated 
circuit. 

22. An electronic device according to claim 15 Wherein 
said package comprises loW temperature co-?red ceramic 
(LTCC) material. 

23. An electronic device comprising: 

at least one integrated circuit; 

a package surrounding said at least one integrated circuit, 
said package having a parallelepiped shape With a ?rst 
pair of opposing major surfaces, a second pair of 
opposing side surfaces and a third pair of opposing end 
surfaces; 

a micro-?uidic cooler in said package and thermally 
coupled to said at least one integrated circuit to remove 
heat therefrom, said micro-?uidic cooler comprising a 
cooling ?uid; and 

a pair of heat exchangers connected to said second pair of 
opposing side surfaces and connected in ?uid commu 
nication With said micro-?uidic cooler. 

24. An electronic device according to claim 23 further 
comprising electrical connectors carried by at least one of 
said ?rst pair of opposing major surfaces and said third pair 
of opposing end surfaces. 

25. An electronic device according to claim 23 Wherein 
said micro-?uidic cooler comprises at least one droplet 
generator for generating and impinging droplets of cooling 
?uid onto said integrated circuit. 

26. An electronic device according to claim 23 Wherein 
said at least one droplet generator comprises at least one 
micro-electromechanical (MEMs) pump. 

27. An electronic device according to claim 23 Wherein 
said package comprises a base and a lid connected thereto 
de?ning a cavity receiving said at least one integrated 
circuit. 

28. An electronic device according to claim 23 Wherein 
said package comprises loW temperature co-?red ceramic 
(LTCC) material. 

29. An electronic device comprising: 

a plurality of electronic modules arranged in stacked 
relation, each electronic module comprising: 

at least one integrated circuit, a package surrounding 
said at least one integrated circuit, said package 
having a parallelepiped shape With a ?rst pair of 
opposing major surfaces, a second pair of opposing 
side surfaces and a third pair of opposing end sur 
faces, 

a micro-?uidic cooler in said package and thermally 
coupled to said at least one integrated circuit to 
remove heat therefrom, said micro-?uidic cooler 
comprising a cooling ?uid, and 

a pair of heat exchangers connected to said second pair 
of opposing side surfaces and connected in ?uid 
communication With said micro-?uidic cooler. 

30. An electronic device according to claim 29 further 
comprising electrical connectors carried by at least one of 
said ?rst pair of opposing major surfaces and said third pair 
of opposing end surfaces. 



US 2002/0075651 A1 

31. An electronic device according to claim 29 Wherein 
said micro-?uidic cooler comprises at least one droplet 
generator for generating and impinging droplets of cooling 
?uid onto said integrated circuit. 

32. An electronic device according to claim 29 Wherein 
said at least one droplet generator comprises at least one 
micro-electromechanical (MEMs) pump. 

33. An electronic device according to claim 29 Wherein 
said package comprises a base and a lid connected thereto 
de?ning a cavity receiving said at least one integrated 
circuit. 

34. An electronic device according to claim 29 Wherein 
said package comprises loW temperature co-?red ceramic 
(LTCC) material. 

35. An electronic device comprising: 

at least one integrated circuit; 

a package comprising a base and a lid connected thereto 
de?ning a cavity receiving said at least one integrated 
circuit; 

a micro-?uidic cooler in said package comprising a cool 
ing ?uid and at least one micro-?uidic passageWay 
extending through said base and directed toWard said at 
least one integrated circuit; and 

a plurality of bodies connecting said at least one inte 
grated circuit to said base in spaced apart relation 
therefrom so that cooling ?uid ?oWs adjacent said 
bodies and into the cavity. 

36. An electronic device according to claim 35 Wherein 
said at least one integrated circuit comprises an active 
surface comprising active devices therein; and Wherein at 
least one integrated circuit is positioned so that the active 
surface is adjacent said at least one micro-?uidic passage 
Way. 

37. An electronic device according to claim 35 further 
comprising at least one heat exchanger carried by said 
package and connected in ?uid communication With said 
micro-?uidic cooler. 

38. An electronic device according to claim 37 Wherein 
said package has a parallelepiped shape With a ?rst pair of 
opposing major surfaces, a second pair of opposing side 
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surfaces and a third pair of opposing end surfaces; and 
Wherein said at least one heat exchanger comprises a pair of 
heat exchangers coupled to said second pair of opposing side 
surfaces. 

39. An electronic device according to claim 38 further 
comprising electrical connectors carried by at least one of 
said ?rst pair of opposing major surfaces and said third pair 
of opposing end surfaces. 

40. An electronic device according to claim 35 Wherein 
said package comprises loW temperature co-?red ceramic 
(LTCC) material. 

41. A method for cooling at least one integrated circuit in 
a package also including a micro-?uidic cooler therein, the 
micro-?uidic cooler comprising a cooling ?uid, the method 
comprising: 

controlling the micro-?uidic cooler so that the cooling 
?uid provides evaporative cooling. 

42. A method according to claim 41 Wherein controlling 
further comprises sensing poWer consumption of the at least 
one integrated circuit and controlling the micro-?uidic 
cooler responsive thereto. 

43. A method according to claim 41 Wherein controlling 
further comprises sensing a temperature of the at least one 
integrated circuit and controlling the micro-?uidic cooler 
responsive thereto. 

44. A method according to claim 41 Wherein the micro 
?uidic cooler comprises at least one micro-electromechani 
cal (MEMs) pump; and Wherein controlling the micro 
?uidic cooler comprises controlling the at least one MEMs 
pump. 

45. A method according to claim 41 further comprising 
connecting at least one heat exchanger carried to the pack 
age and connected in ?uid communication With the micro 
?uidic cooler. 

46. A method according to claim 45 Wherein the package 
has a parallelepiped shape With a ?rst pair of opposing major 
surfaces, a second pair of opposing side surfaces and a third 
pair of opposing end surfaces; and Wherein the at least one 
heat exchanger comprises a pair of heat exchangers con 
nected to the second pair of opposing side surfaces. 

* * * * * 


