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(57) ABSTRACT 

An apparatus to use a refrigerator in a mobile computing 
device is described. In one embodiment, the refrigerator 
includes a cold reservoir to absorb heat generated by a heat 
generating unit of the mobile device. A heat exchanger is 
used to dissipate heat of a hot reservoir of the refrigerator. 
In an alternative embodiment, the apparatus includes a 
Working ?uid loop, With a ?uid of the loop to be in thermal 
contact With the heat generating device, and the cold reser 

(22) Filed: Sep. 30, 2004 voir of the refrigerator to absorb heat from the ?uid. 
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Initially The Magnetic Based Refrigerator, Pump, And Heat 
Exchanger Fan Are Off. Q 

i 
In Response To First Event, Pump is Powered On. Q 

i 
In Response To Second Event, The Heat Exchanger Fan is Powered On. 

406 

i 
In Response To Third Event, The Magnetic Based Refrigerator is 

Powered On. E 
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APPARATUS TO USE A MAGNETIC BASED 
REFRIGERATOR IN MOBILE COMPUTING 

DEVICE 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 10/816,009 titled “An Apparatus To Use A 
Refrigerator In Mobile Computing Device” (Attorney 
Docket No. 42.P17631) ?led Mar. 31, 2004, Which is 
incorporated herein by reference. 

FIELD OF INVENTION 

[0002] The ?eld of invention relates generally to heat 
management and more particularly to heat management 
using a magnetic based refrigerator in a mobile computing 
device. 

BACKGROUND 

[0003] Heat management can be critical in many applica 
tions. Excessive heat can cause damage to or degrade the 
performance of mechanical, chemical, electric, and other 
types of devices. Heat management becomes more critical as 
technology advances and neWer devices continue to become 
smaller and more complex, and as a result run at higher 
poWer levels and/or poWer densities. 

[0004] Modern electronic circuits, because of their high 
density and small siZe, often generate a substantial amount 
of heat. Complex integrated circuits (ICs), especially micro 
processors, generate so much heat that they are often unable 
to operate Without some sort of cooling system. Further, 
even if an IC is able to operate, excess heat can degrade an 
IC’s performance and can adversely affect its reliability over 
time. Inadequate cooling can cause problems in central 
processing units (CPUs) used in personal computers (PCs), 
Which can result in system crashes, units (CPUs) used in 
personal computers (PCs), Which can result in system 
crashes, lookups, surprise reboots, and other errors. The risk 
of such problems can become especially acute in the light 
con?nes found inside mobile computers and other portable 
computing and electronic devices. 

[0005] Prior methods for dealing With such cooling prob 
lems have included using heat sink, fans, and combinations 
of heat sinks and fans attached to ICs and other circuitry in 
order to cool them. HoWever, in many applications, includ 
ing portable and handheld computers, computers With poW 
erful processors, and other devices that are small or have 
limited space, these methods may provide inadequate cool 
mg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 presents an illustration of a magnetic based 
refrigerator for thermal management of heat generating unit 
Within a computing device, in accordance With one embodi 
ment. 

[0007] FIG. 2 presents an illustration of a magnetic based 
refrigerator for thermal management of a heat generating 
unit Within a computing device, in accordance With an 
alternative embodiment. 

[0008] FIG. 3 presents an illustration of a magnetic based 
refrigerator for thermal management of a heat generating 
unit Within a computing device, in accordance With an 
alternative embodiment. 
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[0009] FIG. 4 presents a How diagram describing a pro 
cess of using a magnetic refrigerator for thermal manage 
ment of a heat generating unit Within a computing device, in 
accordance embodiment. 

DETAILED DESCRIPTION 

[0010] An apparatus to use a magnetic based refrigerator 
in a mobile computing device is described. In one embodi 
ment, the magnetic based refrigerator uses the magnetico 
caloric effect to produce a temperature difference betWeen a 
cold reservoir and a hot reservoir. The cold reservoir is to 
absorb heat generated by a heat generating unit of the mobile 
device. In one embodiment, the apparatus includes a Work 
ing ?uid loop, With ?uid of the loop in thermal contact With 
the heat generating device, and the cold reservoir of the 
refrigerator to absorb heat from the ?uid. 

[0011] In the folloWing description, numerous speci?c 
details are set forth. HoWever, it is understood that embodi 
ments may be practiced Without these speci?c details. In 
other instances, Well-knoWn circuits, structures and tech 
niques have not been shoWn in detail in order not to obscure 
the understanding of this description. 

[0012] Reference throughout this speci?cation to “one 
embodiment” or “an embodiment” indicate that a particular 
feature, structure, or characteristic described in connection 
With the embodiment is included in at least one embodiment. 
Thus, the appearances of the phrases “in one embodiment” 
or “in an embodiment” in various places throughout this 
speci?cation are not necessarily all referring to the same 
embodiment. Furthermore, the particular features, struc 
tures, or characteristics may be combined in any suitable 
manner in one or more embodiments. 

[0013] FIG. 1 illustrates one embodiment of a magnetic 
based refrigerator for thermal management of a heat gener 
ating unit Within a mobile computing device. As illustrated, 
the magnetic based refrigerator 102 includes a cold reservoir 
104 and a hot reservoir 106. The cold reservoir absorbs heat 
generated by a heat generating component 108 Within the 
computer system. The heat generating component may 
include a processor, a chipset, a graphics controller, a 
memory controller, and other alternative heat generating 
components. 

[0014] In one embodiment, the cold reservoir 104 is in 
thermal contact With the heat generating component 108. In 
one embodiment, as illustrated in FIG. 1, heat from the heat 
generating unit is transferred to the cold reservoir 104 of the 
refrigerator 102. The heat is then transferred to the hot 
reservoir 106, Where the heat dissipates. 

[0015] In one embodiment, the magnetic based refrigera 
tor uses the magnetocaloric effect to produce a temperature 
difference in the hot reservoir and cold reservoir. The 
magnetocaloric effect is exhibited by a material that Will heat 
up upon application of a magnetic ?eld and cool doWn When 
the magnetic ?eld is removed. Example of such materials 
include Gadolinium. 

[0016] In one embodiment, illustrated in FIG. 2, a heat 
exchanger 112 is used to dissipate heat from the hot reservoir 
106 of the refrigerator 102. In one embodiment, a heat 
exchanger fan 110 may be provided to supply air across the 
heat exchanger 112. 
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[0017] In one embodiment illustrated in FIG. 3, a Working 
?uid loop 114 Within the computing device 100 is used in 
conjunction With the refrigerator 102 to absorb heat of the 
component 108. As illustrated, the ?uid of the loop 114 is 
pumped across the component 108, to absorb heat from the 
component. In one embodiment, Working ?uid loop 114 
passes across or through a cold plate (not shoWn) thermally 
attached to the component 108 to absorb and transfer heat 
from the cold plate to loop 114. 

[0018] Thereafter, the Working ?uid and/or vapor are 
passed through a heat exchanger 116 to dissipate heat. In one 
embodiment, the heat exchanger 116 is a ?uid to air heat 
exchanger, Wherein the ?uid passes through a thermally 
conductive tube that may include ?ns attached to the tube to 
dissipate the heat from the Working ?uid and/or the vapor. A 
fan may be used to bloW across the channels to dissipate the 
heat. In an alternative embodiment, a heat exchanger is not 
present. 

[0019] Thereafter, the Working ?uid of the loop 114 is 
passed across the cold reservoir 104 of the refrigerator 102, 
Which absorbs additional heat from the Working ?uid. The 
Working ?uid of the loop 114 returns across the heat gen 
erating component 108, as described above. As illustrated in 
FIG. 3, the magnetic based refrigerator 102 is located 
remotely from the heat generating component 108, in accor 
dance With one embodiment. Alternatively, the magnetic 
based refrigerator 102 may be located outside the mobile 
computing system in a docking station, or possibly as an 
external module. 

[0020] In one embodiment, the magnetic refrigerator 102 
can be turned on or off based on a predetermined event, such 
as a temperature of the heat generating component 108, an 
internal ambient temperature of the computing device 100, 
a level of poWer provided to the component 108, Whether the 
computing device 100 is receiving poWer from a battery 
source or poWer from an AC outlet, or other events. The ?oW 
diagram of FIG. 4, describes an example embodiment of the 
magnetic based refrigerator 102 that is able to be turned on 
or off based on a temperature of the component 108. 

[0021] In process 402, the magnetic based refrigerator 
102, a pump 118 of the ?uid loop 114, and the heat 
exchanger fan 110 are off. In process 404, in response to the 
temperature of component 108 reaching a predetermined 
level a ?rst time, the pump 118 is poWered on, and the 
magnetic based refrigerator and heat exchanger fan remain 
off. In process 406, in response to the temperature of 
component 108 reaching a predetermined level a second 
time, or reaching a separate predetermined level a ?rst time, 
the heat exchanger fan is poWered on, and the magnetic 
based refrigerator remains off. In process 408, in response to 
the temperature of component 108 reaching a predetermined 
level a third time, or reaching a separate predetermined level 
a ?rst time, the magnetic based refrigerator is poWered on. 
In alternative embodiments, the units, and the sequence of 
the units being poWered on may vary. Also the predeter 
mined events that trigger the units to be poWered on, may 
vary. 

[0022] In the foregoing speci?cation, the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof. It Will, hoWever, be evident that various 
modi?cations and changes may be made thereto Without 
departing from the broader spirit and scope of the invention 
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as set forth in the appended claims. For example, the above 
described thermal management technique could also be 
applied to desktop computer device. The speci?cation and 
draWings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 

1. An apparatus comprising: 

a magnetic based refrigerator to be placed in a mobile 
computing device, the refrigerator including a cold 
reservoir and a hot reservoir, the cold reservoir to 
absorb heat generated by a heat generating unit of the 
mobile computer. 

2. The apparatus of claim 1, Wherein the cold reservoir is 
in thermal contact With the heat generating device. 

3. The apparatus of claim 1, further including a heat 
exchanger to dissipate heat from the hot reservoir. 

4. The apparatus of claim 1, further including a Working 
?uid loop With a ?uid of the loop being in thermal contact 
With the heat generating device; 

a heat exchanger to dissipate heat from the ?uid of the 
loop; and 

the cold reservoir of the refrigerator to absorb heat from 

5. The apparatus of claim 4, Wherein the cold reservoir is 
to absorb heat from the ?uid of the loop after the heat 
exchanger has dissipated heat from the ?uid of the loop. 

6. The apparatus of claim 4, Wherein a pump of the 
Working ?uid loop is poWered on in response to a ?rst 
predetermined event. 

7. The apparatus of claim 6, Wherein a heat exchanger fan 
is poWered on in response to a second predetermined event, 
folloWing the ?rst predetermined event. 

8. The apparatus of claim 7, Wherein the refrigerator is 
poWered on in response to a third predetermined event, 
folloWing the second predetermined event. 

9. A mobile computing device comprising: 

a heat generating unit; and 

a magnetic based refrigerator to absorb heat generated by 
the heat generating unit including a cold reservoir and 
a hot reservoir, the cold reservoir to absorb heat gen 
erated by the heat generating unit. 

10. The mobile computing device of claim 9, further 
comprising: 

a heat exchanger placed remotely from the heat generat 
ing device to dissipate heat from the hot reservoir. 

11. The mobile computing device of claim 9, further 
comprising: 

a Working ?uid loop With a ?uid of the loop being in 
thermal contact With the heat generating device; 

a heat exchanger to dissipate heat from the ?uid of the 
loop; and 

the cold reservoir of the refrigerator to absorb heat from 
the ?uid. 

12. An apparatus comprising: 

a magnetic based refrigerator to be placed in a mobile 
computing device, the refrigerator including a cold 
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reservoir and a hot reservoir, the cold reservoir to 
absorb heat generated by a heat generating unit of the 
mobile computer; 

a heat exchanger to dissipate heat from the hot reservoir; 

a Working ?uid loop With a ?uid of the loop being in 
thermal contact With the heat generating device, and the 
cold reservoir of the refrigerator to absorb heat from the 
?uid; 

a heat exchanger to dissipate heat from the ?uid of the 
loop. 
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13. The apparatus of claim 12, Wherein a pump of the 
Working ?uid loop is poWered on in response to a ?rst 
predeterrnined event. 

14. The apparatus of claim 13, Wherein a heat exchanger 
fan is poWered on in response to a second predetermined 
event, folloWing the ?rst predeterrnined event. 

15. The apparatus of claim 14, Wherein the refrigerator is 
poWered on in response to a third predeterrnined event, 
folloWing the second predetermined event. 


