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An apparatus for removing heat from heat generating ele 
ments is disclosed. The apparatus is a thermal management 
system having a thermal distribution assembly in either one 
of or both of conductive and radiative communication With 
heat generating elements. The thermal distribution assembly 
has thermal Zones, each of Which is associated With at least 
one heat generating element. The thermal distribution 
assembly includes a heat spreading frame and a heat con 
ducting frame. Heat passes from the heat generating ele 
ments to the heat conducting frame and then to the heat 
spreading frame, from Which the heat is removed via con 
vection. 
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THERMAL MANAGEMENT SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to heat 
removal devices, and more speci?cally to heat removal 
devices for electronic components. 

[0003] 2. Background Information 

[0004] Electronic components are capable of generating 
undesirable levels of heat during normal use. For example, 
in some personal computers, the microprocessor can gener 
ate enough heat to damage the microprocessor if at least 
some of the heat is not removed from the microprocessor. 
Furthermore, personal computers and other electronic sys 
tems often have a number of heat producing components 
Which are located in an enclosed area and are in close 
proximity to one another. The total heat generated by such 
situated heat producing components can reach high enough 
levels to damage the entire system if the heat is not dissi 
pated Within the enclosed area or removed from the com 
ponents. 

[0005] Many existing heat removal devices attempt to 
remove heat from electronic components using forced con 
vection. A common example of a forced convection device 
is a fan. Some electronic systems use one large fan to cool 
all of the heat producing components Within the system. 
Other electronic systems have individual fans for each heat 
producing component. Still other electronic systems have 
both one main fan and individual component fans. HoWever, 
fans can be problematic because they often generate unac 
ceptable levels of noise and require their oWn poWer to run. 
In addition, because fans incorporate moving parts, they are 
susceptible to mechanical failure. By the time a defective fan 
is detected, the previously cooled component could have 
already overheated and been damaged. 

[0006] Other existing heat removal systems attempt to 
remove heat from electronic components using natural con 
vection. Conventionally, this is effected by directly attaching 
the sources of heat generation to heat sinks. HoWever, these 
heat sinks are of necessity large relative to the heat sources, 
and their siZe places undesirable constraints upon the design 
of a product With high heat generation density. 

[0007] Thus, to help ensure the continuing safe perfor 
mance of heat generating electronic components, it is desir 
able to remove heat from such components in a quiet, 
ef?cient and reliable manner. Particularly, it is desirable to 
effect high density and ef?cient heat removal through multi 
purpose components incorporated into a uni?ed thermal 
management system. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a thermal manage 
ment system for distributing and removing heat from heat 
generating elements. The system also provides functionality 
for structural support and EMI suppression, thereby provid 
ing a more efficient, compact and cost effective design. 

[0009] In one embodiment of the present invention, the 
thermal management system has a thermal distribution 
assembly Which is in conductive and/or radiative commu 
nication With heat generating elements. The thermal distri 
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bution assembly has thermal Zones, each of Which is asso 
ciated With at least one heat generating element. 

[0010] In another embodiment of the present invention, 
the thermal distribution assembly includes a heat spreading 
frame and a heat conducting frame in conductive contact 
With the heat spreading frame. The heat conducting frame 
removes heat from heat generating elements via conduction 
and/or radiation, and the heat passes to the heat spreading 
frame. Natural convection then removes the heat from the 
heat spreading frame. 

[0011] In another embodiment of the present invention, 
the thermal management system also includes a main body 
Which houses the heat generating elements. The main body 
has an inlet and an outlet to facilitate the convective How of 
air through the main body such that the heat generating 
elements are suf?ciently cooled. 

[0012] Additional features and bene?ts of the present 
invention Will become apparent upon revieW of the folloW 
ing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Various embodiments of the present invention Will 
be described in detail With reference to the folloWing draW 
ings in Which like reference numerals refer to like elements. 
The present invention is illustrated by Way of example and 
not limitation in the accompanying ?gures. 

[0014] FIG. 1 shoWs one part of a thermal distribution 
assembly in accordance With the teachings of the present 
invention. 

[0015] FIGS. 2A-2C shoW a top angled exploded vieW of 
the part of the thermal distribution assembly shoWn in FIG. 
1. 

[0016] FIGS. 2D-2F shoW an upside doWn exploded vieW 
of the part of the thermal distribution assembly shoWn in 
FIG. 1. 

[0017] FIG. 3 shoWs a side cross-sectional vieW of 
another embodiment of a part of a thermal distribution 
assembly in accordance With the teachings of the present 
invention. 

[0018] FIG. 4A shoWs a front angled vieW of a housing in 
accordance With the teachings of the present invention. 

[0019] FIG. 4B shoWs a rear angled vieW of the housing 
shoWn in FIG. 4A. 

[0020] FIG. 5A shoWs a front and top cut-aWay vieW of a 
housing to shoW a thermal management system in accor 
dance With the teachings of the present invention. 

[0021] FIG. 5B shoWs a side cut-aWay vieW of the hous 
ing shoWn in FIG. 5A. 

[0022] FIG. 6 shoWs a side cross-sectional vieW of a top 
portion of a housing in accordance With the teachings of the 
present invention. 

DETAILED DESCRIPTION 

[0023] The folloWing description provides embodiments 
of the present invention. HoWever, it Will be appreciated that 
other embodiments of the present invention Will become 
apparent to those of ordinary skill in the art upon examina 
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tion of this description. Thus, the present description and 
accompanying drawings are for purposes of illustration and 
are not to be used to construe the invention in a restrictive 
manner. 

[0024] FIG. 1 illustrates one part of a thermal distribution 
assembly in accordance With the teachings of the present 
invention. Aprinted circuit board 102 is coupled to one side 
of a heat conducting frame 106. Another printed circuit 
board 104 is coupled to the other side of heat conducting 
frame 106. Typically, printed circuit boards 102 and 104 
each have heat producing elements attached to them (see 
FIGS. 2C and 2D, for example). The heat producing 
elements can be microprocessors, poWer supplies or any 
other commonly knoWn heat producing elements. Heat sinks 
108a and 108b are coupled to and in conductive communi 
cation With heat producing elements on printed circuit board 
102. Heat sinks 108a and 108b help dissipate heat generated 
by any heat producing components on printed circuit board 
102 Which might heat up printed circuit boards 102 and 104. 

[0025] In one embodiment of the present invention, not all 
of the components are in physical contact With heat con 
ducting frame 106; such components can radiate heat to heat 
conducting frame 106. The heat producing components on 
circuit boards 102 and 104 that are in physical contact With 
heat conducting frame 106 conduct heat to heat conducting 
frame 106; such components can also radiate heat to heat 
conducting frame 106. It is appreciated that heat conducting 
frame 106 can be any suitable conductive material, such as 
metal. Furthermore, although tWo circuit boards are shoWn, 
it is appreciated that the present invention is also applicable 
to electronic systems With only one circuit board. 

[0026] The folloWing discussion is made With reference to 
FIGS. 2A-2F, Which shoW tWo exploded vieWs of the portion 
of the thermal distribution assembly shoWn in FIG. 1. A 
microprocessor 110 is attached to one side of printed circuit 
board 104. ApoWer supply 113 is attached to the other side 
of printed circuit board 104. A local heat conducting frame 
112 coupled to board 104 is disposed around and in con 
ductive communication With poWer supply 113. Local heat 
conducting frame 112 has its oWn thermal Zone because 
much of its surface area is in physical contact With poWer 
supply 113, Which is generating heat that is transferred to 
frame 112. Because much of the heat generated by poWer 
supply 113 is conducted directly to frame 112, a localiZed 
temperature can exist at frame 112. Similarly, the area of 
frame 106 around microprocessor 110 can be considered to 
have its oWn thermal Zone With a particular localiZed tem 
perature. 
[0027] In one embodiment of the present invention, frame 
112 is in conductive communication With frame 106 to help 
remove the heat generated by poWer supply 113. Some of the 
heat generated by microprocessor 110 is removed via con 
duction by a heat sink 114, Which is in direct physical 
contact With microprocessor 110 When circuit board 104 is 
coupled to frame 106. Heat sink 114 is typically coupled to 
frame 106. Alternatively, heat sink 114 is integrally formed 
With frame 106. Heat sink 114 may be formed of a composite 
of materials to offer a desirable mixture of thermal conduc 
tivity and mechanical compliance. In any case, heat sink 114 
helps to spread the heat generated by microprocessor 110 to 
frame 106. 

[0028] FIG. 3 shoWs a side cross-sectional vieW of a part 
of a thermal distribution assembly similar to that Which is 
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shoWn in FIG. 1. Aprinted circuit board 302 is coupled to 
one side of a conductive divider 306. Aprinted circuit board 
304 is coupled to the other side of conductive divider 306. 
Heat sink 308 is coupled to and in conductive communica 
tion With board 302 to help remove heat from board 302. A 
microprocessor 310 is coupled to board 304. Microprocessor 
310 is in direct physical contact With a local heat spreader 
314, similar to heat sink 114, Which is attached to or 
integrally formed With conductive divider 306. Heat 
spreader 314 is made of a conductive material or a com 
posite of materials to offer a desirable mixture of thermal 
conductivity and mechanical compliance. Thus, micropro 
cessor 310 is in conductive communication With conductive 
divider 306. 

[0029] A local heat conducting frame 312 is thermally 
isolated from conductive divider 306 by insulative material 
316. In one embodiment, local heat conducting frame 312 
houses and is in conductive communication With a heat 
generating component such as a DVD drive, CD drive, hard 
drive or other storage media. Thus, frame 312 can act as a 
heat distributor and heat sink to facilitate convective heat 
transfer. In one embodiment of the present invention, heat 
generating components on boards 302 and 304 radiate heat 
to conductive divider 306 as shoWn in area 318 on board 
302. 

[0030] FIGS. 4A and 4B illustrate front and rear angled 
vieWs, respectively, of a housing 400 in accordance With the 
teachings of the present invention. Housing 400 encloses a 
number of heat generating components (not shoWn) Which 
form an electronic system. Housing 400 has a top portion 
401a and a bottom portion 401b. In one embodiment, top 
portion 401a and bottom portion 401b are separate pieces of 
housing 400 Which are ?tted together to form housing 400. 
A handle 402 is formed in top portion 401a of housing 400 
to alloW a person to pick up housing 400. A circular outlet 
vent 404 is formed in top portion 401a around handle 402. 
In one embodiment, outlet vent 404 and handle 402 are 
integrally formed With each other to constitute a separate 
piece Which is coupled to top portion 401a. A plurality of 
holes 406 is formed in outlet vent 404 to facilitate the escape 
of heat generated by heat generating components located 
inside housing 400. 

[0031] A concavity 412 is formed in housing 400 to alloW 
a person to place his or her ?ngers around handle 402 and 
comfortably grasp handle 402. Concavity 412 also serves to 
de?ect air flow from Within housing 400 toWard outlet vent 
404. An inlet vent 408 is formed in bottom portion 401b of 
housing 400. Aplurality of holes 410 is formed in inlet vent 
408 to facilitate a convective air path from inlet vent 408 
through the inside of housing 400 to outlet vent 404. In a 
preferred embodiment of the present invention, natural con 
vection provides the How of air from inlet vent 408 through 
the inside of housing 400 to outlet vent 404. HoWever, it is 
appreciated that the present invention can be used in con 
junction With a fan or other cooling device that provides 
forced convection. 

[0032] FIGS. 5A and 5B illustrate a front and top cut 
aWay vieW and a side cut-aWay vieW, respectively, of a 
housing similar to that shoWn in FIGS. 4A and 4B. A 
thermal management system according to the present inven 
tion is shoWn Within the housing. Aprinted circuit board 502 
is coupled to the top of a heat conducting divider 506. A 



US 2001/0014013 A1 

printed circuit board 504 is coupled to the bottom of heat 
conducting divider 506. Heat sinks 508a and 508b are 
coupled to board 502 to help remove heat from board 502. 
A heat spreading frame 510 is coupled to and in conductive 
communication With divider 506. Heat spreading frame 510 
is disposed around the sides and rear of boards 502, 504 and 
506. Aplurality of air vents 511 is formed in frame 510. Air 
vents 511 can be formed at regular intervals in frame 510 or 
in any pattern that facilitates air ?oW around frame 510 and 
Within the spaces betWeen frame 510 and the components 
and heat sinks adjacent to frame 510. In one embodiment, 
frame 510 is made of plastic. In another embodiment, frame 
510 helps form a housing, including loWer housing 512, to 
fully enclose the components of a computer system. Frame 
510 can be one continuous piece or several pieces coupled 
together. 

[0033] A poWer supply 514 is coupled to board 504. A 
local heat conducting frame 516 is disposed around and in 
conductive communication With poWer supply 514. An EMI 
shield 520 further encloses poWer supply 514 and frame 516. 
In one embodiment, frame 516 is coupled to board 504 and 
in conductive communication With divider 506. In a pre 
ferred embodiment of the invention, divider 506 in combi 
nation With frame 516 and frame 510 provide structural 
support for the system. Aconvective air How 518 from inlet 
vents (not shoWn) in the bottom of a loWer housing 512 help 
remove heat from heat generating components, such as 
poWer supply 514, frames 502, 504, 506 and 510, and heat 
sinks 508a and 508b. It should be noted that heat sinks 508a 
and 508b and heat producing elements such as poWer supply 
514 are located near the periphery of the housing to facilitate 
heat removal by being closer to air How 518 ?oWing up, 
around and through frame 510. It should be further noted 
that air How 518 folloWs a generally upWard path because air 
How 518 gradually acquires heat from the heat sources 
located Within the housing. 

[0034] FIG. 6 illustrates a side cross-sectional vieW of a 
top housing 600 that can be used With the embodiments of 
the present invention shoWn in FIGS. 4A, 4B or 5. An outlet 
vent 604 is formed in top housing 600. In one embodiment, 
outlet vent 604 comprises a plurality of holes Which permit 
the escape of air from Within top housing 600. Outlet vent 
604 surrounds a handle 602 formed in top housing 600 in a 
manner similar to that shoWn in FIGS. 4A and 4B. In one 
embodiment, outlet vent 604 is integrally formed With 
handle 602 to form a piece separate from top housing 600; 
the piece is secured to top housing 600 in a manner suitable 
to alloW a person to use handle 602. A concavity 606 is 
formed in top housing 600 beloW handle 602 to alloW a 
person to place his or her ?ngers around handle 602 and 
comfortably grasp handle 602. Concavity 606 also serves to 
direct a convective air How 608 from Within top housing 600 
toWard outlet vent 604. By de?ecting air How 608, Which is 
typically heated, toWard outlet vent 604, concavity 606 
facilitates the removal of heated air via outlet vent 604 and 
prevents heated air from heating handle 602 to uncomfort 
ably high temperatures. 

[0035] In the foregoing detailed description, the apparatus 
and method of the present invention have been described 
With reference to speci?c exemplary embodiments. HoW 
ever, it Will be evident that various modi?cations and 
changes may be made Without departing from the broader 
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scope and spirit of the present invention. The present speci 
?cation and ?gures are accordingly to be regarded as illus 
trative rather than restrictive. 

What is claimed is: 
1. A thermal management system comprising: 

a thermal distribution assembly in at least one of conduc 
tive and radiative communication With at least one heat 
producing element, the heat produced by said at least 
one heat producing element passing to said thermal 
distribution assembly, said thermal distribution assem 
bly comprising a plurality of thermal Zones. 

2. A system as in claim 1 further comprising a main body 
having an outlet to facilitate removal of heat from said 
thermal distribution assembly. 

3. A system as in claim 2 Wherein said main body has an 
inlet. 

4. Asystem as in claim 2 Wherein said thermal distribution 
assembly is part of said main body. 

5. A system as in claim 1 Wherein the heat produced by 
said at least one heat producing element is removed from 
said thermal distribution assembly by natural convection. 

6. A system as in claim 1 Wherein one of said plurality of 
thermal Zones is in thermal isolation from another of said 
plurality of thermal Zones. 

7. A system as in claim 1 Wherein one of said plurality of 
thermal Zones includes said at least one heat producing 
element. 

8. Asystem as in claim 1 Wherein said thermal distribution 
assembly comprises: 

a heat spreading frame; 

a heat conducting frame coupled to said heat spreading 
frame, said heat conducting frame in said at least one 
of conductive and radiative communication With said at 
least one heat producing element, said heat conducting 
frame having at least one of said plurality of thermal 
Zones. 

9. A system as in claim 8 Wherein said heat spreading 
frame comprises a plurality of air vents. 

10. A thermal management system for a plurality of heat 
producing elements, said system comprising: 

a heat spreading assembly; 

a heat conducting assembly coupled to said heat spreading 
assembly, said heat conducting assembly comprising a 
plurality of thermal Zones, each of said thermal Zones 
including one of said plurality of heat producing ele 
ments. 

11. Asystem as in claim 10 Wherein a ?rst heat producing 
element is in conductive communication With said heat 
conducting assembly, and Wherein a second heat producing 
element is in radiative communication With said heat con 
ducting assembly. 

12. A system as in claim 11 Wherein the heat produced by 
said ?rst and second heat producing elements is passed to 
said heat spreading assembly, the heat removed from said 
heat spreading assembly by natural convection. 

13. A system as in claim 10 further comprising a housing 
enclosing said plurality of heat producing elements, said 
housing having an inlet and an outlet, said housing coupled 
to said heat spreading assembly. 

14. A system as in claim 13 Wherein said housing com 
prises a handle, said outlet disposed adjacent to said handle, 
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said housing having a concavity below said handle such that 
an air How is directed aWay from said handle and toward 
said outlet. 

15. A system as in claim 14 Wherein said air How is 
provided by natural convection. 

16. Asystem as in claim 13 Wherein said plurality of heat 
producing elements is disposed adjacent to a peripheral edge 
of said housing such that a thermal air path is facilitated 
from said inlet to said outlet. 

17. A system as in claim 10 Wherein the heat produced by 
said plurality of heat producing elements is not removed by 
forced convection. 

18. A system as in claim 10 Wherein said heat spreading 
assembly comprises a plurality of openings. 

19. A system as in claim 10 Wherein said heat spreading 
assembly and said heat conducting assembly coupled to each 
other provide structural support for said system. 

20. A thermal management apparatus for an electronic 
system, said apparatus comprising: 

a main body substantially enclosing said electronic sys 
tem, said main body having an inlet and an outlet; 

a heat spreading frame forming a portion of said main 
body; 
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a ?rst heat conducting frame in conductive communica 
tion With said heat spreading frame, said ?rst heat 
conducting frame in conductive and radiative commu 
nication With a ?rst plurality of heat producing ele 
ments; 

a second heat conducting frame in conductive communi 
cation With said ?rst heat conducting frame, said sec 
ond heat conducting frame in conductive communica 
tion With a second heat producing element; 

a third heat conducting frame in thermal isolation from 
said ?rst and second heat conducting frames, said third 
heat conducting frame in conductive communication 
With a third heat producing element. 

21. An apparatus as in claim 20 Wherein said ?rst plurality 
of heat producing elements includes a microprocessor. 

22. An apparatus as in claim 20 Wherein the heat produced 
by said ?rst plurality of heat producing elements and said 
second heat producing element is passed to said heat spread 
ing frame and removed by natural convection from said heat 
spreading frame, said inlet and said outlet providing a path 
for natural convection. 


