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DUCIED OPPQSING BONDED FIN HEAT S1NK BLOWER 
MULTI-MICROPRQCESSOR COOLING SYSIEM 

BACKGROUND OF THE INVENTION 

Field of· the Invention 

.The present invention relates to a heat sink cooling system 

for an integrated circuit package in an enclosed computer system. 

Description of Related Art 

Integrated circuits (ICs) are typically housed within a plastic 

or ceramic package. The packages have leads or surface pads that are 

soldered to a printed circuit board. The circuit board and package are 

often locate<l: within a computer chassis which contains a fan that 

removes the heat generated by the IC. 

It i$ desirable to have a high rate of heat transfer from the IC 

package in order to maintain the junction temperatures of the 

integrated circuit within safe operating limits. Excessive IC junction 

temperatures may affect the performance of the circuit and cause a 

permanent degradation of the IC. Heat sinks are sometimes mounted 

to the top surface of the package housing to increase the thermal 

performance of the package. Conventional heat sinks typically have a 

plurality of fins that extend from a bottom base portion. The fins 

increase the surface area of the heat sink and the heat transfer rate of 

the package. 

Microprocessors are a type of IC which often require a heat 

sink. For high performance microprocessors employed iil an enclosed 

computer system, a high heat transfer rate is particularly important 

since the interior operating environment of typical computers is 10°C 

to 25°C above that of the air exterior to the· enclosed computer system. 

Several methods have been employed for cooling such high 

performance microprocessors. A common method of cooling such a 

microprocessor is by the use of a fan heat sink, in which an axial fan is 

attached to the heat sink atop the microprocessor in order to blow air 
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across the heat sink to remove the heat dissipated by the 
microprocessor. To date, the best fan heat sinks are not thermally 
efficient enough to cool the higher powered new microprocessors. 

One method of increasing the fan heat sink's efficiency, or 
lowering its thermal resistance, is to increase the speed of rotation of 
the fan prop, thereby forcing more air through the heat sink. The 
problem with this method is that at higher speeds of rotation, the fan 
consumes more power, further heating the fan motor bearings. 
Reliability of the fan heat sinks is a key concern for these high 
performance microprocessors. One failure mechanism of these small 
fans is a breakdown of the lubrication used in the bearings,. which 
results at higher operating temperatures. Fan heat sinks have a 
drawback that they often require a system fan to move the heated air 
dissipated by the fa!\ heat sink and to prev~t recirculation of the 
heated air back to the fan heat sink. 

Additionally, fan heat sinks have the drawback of having to 
operate in the elevated-temperature environment of the enclosed 

. computer system. Subsequently, the fan heat sinks can encounter 
reliability problems due to operation at the elevated temperatures. 
Fan heat sinks also pose assembling probleins since both a heat sink 
and a fan must be attached to each microprocessor. 

Another approach is the use of passive heat sinks in 
combination with· an axial system "fan, but the large surface area 
requirements resultin heat sink volumes that are too large for the 
typical computer chassis design. 

Another approach involves the use of a liquid coolant to 
move the dissipated heat away from the microprocessor. Liquid 
cooling, however, is the least desirable and most expensive approach. 

Accordingly, it would be advantageous to provide a reliable 
heat sink cooling system design. It would also be advantageous to 
provide a heat sink. design which. physically decouples the air mover 
(fan) from the heat sink. 

j 
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It would also be advantageous to provide a cheap, easily 

constructed heat sink to efficiently dissipate the heat generated by the 

microprocessors. 
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. SIJMMARY OF THE INYEN'IION 
A device and method is described herein for cooling an 

integrated circuit packag~in particular, a microprocessor. The 
device and method are particularly useful for cooling high 
performance microprocessors, which can dissipate over 30W of heat. 

A microprocessor with a heat sink attached atop operates 
within a computer chassis. A blower, which has an air intake from a 
source external to the computer chassis, provides an air stream at its 
output. A first air duct is coupled to the blower, and a first ducted heat 
sink iS coupled to the first air duct. The air stream flows through the 
first air duct and through the first ducted heat sink, thereby cooling 
the attached microprocessor. 

A second air duct can be connected to the first ducted heat 
sink for directing the air stream to a second ducted heat sink in order 
to cool a second microprocessor attached to the second ducted heat 
sink. Although the air stream is slightly preheated from the heat 
dissipated from the first microprocessor, the air stream is still able -to 
dissipate heat from the second microprocessor. 

A ducted heat sink is required for the cooling system 
previously described. An opposing bonded fin heat sink is easily 
constructed using two extruded heat sinks. The two extruded heat 
sinks are attached such that the fins of one of the heat sinks are 
interleaved with the fins of the other heat sink. In the described 
embodiment, the heat sinks are attached by thermally conductive 
epoxy. Other methods of attachment include solderirig, welding, or 
simply friction contact. . 

The cooling system can be employed to cool modular add-in 
cards, motherboards, and other electronic components in addition to 
microprocessors. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the ducted opposing bonded fin 

heat sink cooling system 100. 
Fig. 2 is an alternative block diagram of the ducted opposing 

bonded fin heat sinkcooling system 100. 
Fig. 3A is a diagram of a ducted opposing bonded fin heat 

sink 300 before attachment. 
Fig. 3B is a representation of a ducted opposing bonded fin 

heat sink 300 after attachment. 
Fig. 4 is a representation of a cooling design for channeling 

air to two microprocessors as well as other electronic components. 
Fig. 5 is a representation showing how the· air channel of 

Fig. 4 can be coupled to a blower 510. 
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DETAILED DESCRIPTION OF THE PREF£BRED EMBODIMENT 

Figures 1 through 5 of the drawings. disclose various 
embodiments of the present invention for ·purposes of illustration 
only. One skilled in the art will readily recognize from the following 
discussion that alternative embodiments of the structures and 
methods illustrated herein may be employed :without departing from 
the principles of the invention. The following description may 
include specific numbers and quantities associated with the device 
and methods described herein. It Should be e1pparent to one skilled in 
the art that these numbers and quantities are utilized herein for 
illustrative purposes. 

Fig. 1 shows a block diagram of the ducted opposing bonded 
fin heat sink cooling system 100. The cooling system 100 is comprised 
of three main elements: a blower 110, a first air duct 120, and a first 
ducted heat sink 130. The blower 110 has an air intake 135 which 
allows the blower to receive air from a source external to the 
computer chassis 180. The blower 110 is coupled to the first air duct 
120. The first air duct 120 is coupled.to the first ducted heat sink 130. 
The cooling system can additionally include a second air duct 140 and 
a second ducted heat sink 150. The second air duct _140 couples the· 
first ducted heat sink 130. to the second ducted heat sink 150. 

The first ducted heat sink 130 is· attached to a first 

microprocesso~ 160. The first ducted heat sink 130 dissipates heat 
from the first microprocessor 160. Similarly, the second ducted heat 
sink 150 is attached to a second microprocessor 170. The second 
ducted heat sink 150 dissipates heat from the second microprocessor 
170. 

In the described embodiment, the blower 110 is located in 
the interior of the computer chassis 180. A vent 190 in the computer 
chassis 180 allows air from the exterior of the computer chassis 180 to 
enter the blower 110. Alternatively, referring to Fig. 2, an intake air 
duct 205 can be employed to couple the air intake 135 of the blower 110 
to an air source exterior to the computer chassis 180. Although the 
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blower 110 could also be located exterior to the computer Chassis 180, 
this is less desirable for noise and safety reasons. 

In any case, the blower 110 can receive air from the exterior 
of the computer chassis 180 and provides an air stream which flows 
·through the first air duct 120, through the first ducted heat sink 130, 

through the second air duct 140, and through the second ducted heat 
sink 150. 

It should be noted that the blower 110, the first air duct 120, 
the first ducted heat sink 130, the second air duct 140, and the second 
ducted heat sink 150 may all be detachable as required to meet 
assembly and manufacturing constraints as well as normal consumer 
modifications to the computer system. 

It should also be noted that the cooling system must be 

designed such that the second micropro~essor 170 has proper cooling 
since the air stream used to dissipate the heat of the second 
microprocessor 170 has been slightly preheated from the heat 

dissipated from the first microprocessor 160. 

In the described embodiment, the blower 110 provides the 

static air presslire required to for~ air from ·the exterior of the system 
through the air intake duct and· eventually through the ducted heat 

sinks 130 and 150 on the two microprocessors 160 and 170, which are 
cooled in series. '.fhe static pressure produced by the blower 110 is 
approximately three times that produced by axial fans. The blower 110 
produces enough static pressure to generate high air velocities 
through the narrow heat sink Channels. The resulting cooling system 
is very efficient. The air flow volume from the blower 110 is 

constrained such that au the air from the blower 110 is forced through· 
the ducted heat sinks 130 and 150. 

Axial fans are not.capable of producing the required static 

pressure for generating such high air flow volumes. In current axial 
fan cooled systems, only a small amount of air from the system fan 
goes through the microprocessor heat siriks. This is .even ·the case 

when the microprocessors are located directly in front of the axial fan 
near the motor. Thus, in the axial fan approach, only a small 
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percentage of the air actually goes through the microprocessor's heat 
sinks, as opposedto the d.ucted heat sink approach using a blower 110 
where all the air is forced through the ducted heat sinks 130 and 150 by 
the blower 110. 

Additionally, the blower 110 may be thermally controlled so 
as to increase air flow when more cooling is required and decrease air 
flow when less cooling is required. 

Reference is now made to Fig. 3A; which is a diagram of a 
ducted opposing bonded fin heat sink 300. The opposm:g bonded & 
heat sink 300 is comprised of two identical extruded heat sinks 305 arid 
310. Each of the extruded heat sinks 305 and 310 are comprised of a 
base portion 312 and a plurality of fins 314 projecting transverse to the 
base portion 312. 

The extruded heat sink 305 is inverted and rotated 180° from 
the extruded heat sink 310. The two ~ded heat sinks 305 and 310 
are then glued· together with a thermally· conductive epoxy. The 

presence of ~ooves 315 in. each of the extruded heat sinks 305 and 310 
allows for the placement of the fins of the opposite extruded heat sink. 
Figure 3B shows extruded heat sinks 305 and 310 attached together. 

Heat sinks typically require a large surface area to dissipate 
the heat from a micropro~r. For high efficiency, the air gaps 
between the fins must be very tall and narrow, as viewed from the 
end of the heat sink. An aspect ratio is the ratio of the air gap height 
to the air gap Width for a given heat sink channel. Typically, the 
maximum aspect ratio for ail extruded heat sink is 4 to 1. The 
requirements of high-power dissipating microprocessor heat sinks is 
about 10 to 1. By attaching the two extrud~d heat sinks 305 and 310 as 
described above, an effective aspect ratio of the opposing bonded heat 
sink 300 is created of approximately 10 to 1. 

The opposing bonded heat sink 300 has. the advantage of 
being cheap and easy to manufacture compared to other heat sinks 
with a comparable aspect ratio. To attain this same aspect ratio using 
conventional heat sink designs would require machining or 
individually gluing fin plates into a base plate at a cost of two to three 
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times more per heat sink. In addition, these complex· heat sinks" 
would still require a shroud over the top in order to duct air flow 
through the heat sink. Conversely, the opposing bonded heat sink 300 · 
has the advantage of automatically providing a duct (or a series of 
ducts) so that air flow from the blower 110 flows through the opposing 
bonded heat sink 300. A side benefit of the opposing bonded heat sink 
300 is that the top surface can be used for labels. 

Reference is now made to Fig. 4, which is a representation of 
a cooling design for channeling air to two microprocessors 415 and 420 
as well as other electronic components. The above described cooling 
system can be employed to cool modular add-in cards, motherboards, 
and other electronic components in addition to microprocessors. 

The connecting duct lengths, cross sectional area, and 
implementation details can vary depending on the system's design 
and microprocessor placement. Many variations of this invention 
can be realized using these basic ingredients of modifying and 
reorienting the air ducts. For example, in some cases, the system's 
axial fan can be directly replaced by the blower, thus minimizing the 
cost of the cooling system. 

Fig. 4 shows the creation of an air channel by using a 
molded plastic cover 410. This molded plastic cover 410 encloses two 
microprocessors 415 and 420 along with two ducted heat sinks 425 and 
430 as well as other electronic componentS. 

Fig. 5 is a representation showing how the air channel of 
Fig. 4 can be coupled to a blower 510 in order to cool the two 
microprocessors 415 and 420 as well as the other electronic 
components w~thin the molded plastic cover 410. 

From the above description, it will be apparent that the 
invention disclosed herein provides a novel and advantageous heat 
sink cooling system. The foregoing discussion discloses and describes 
exemplary methods and embodiments of the present invention. As 
will be understood by those familiar with the art, the invention may 
be embodied in other specific forms without departing from its spirit 
or essential characteristics, and thus, the described embodiment is not 
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restrictive of the scope of thE! invention •. Th.e following claims are 
indicative of the scope of the invention.. All variations which come 
within the meaning and range of equivalency of the claims are to be 
embraced within their scope. 

4 
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coupled to said first extruded heat sink to create a 

ducted heat sink with one or more ducts running 

through the ducted heat sink. 

6. The cooling system of Claim 5 wherein said integrated circuit 

package is a microprocessor. 

7. The cooling system of Claim 6 further comprising: 

a second heat sink connected to a second microprocessor; 

and 

a second air· duct connecting said first heat sink to .said 

second heat sink. 

8. The cooling system of Claim 1 wherein said integrated circuit 

package is a microprocessor. 

9. The cooling system of Claim 8 further comprising: 

a second heat sink connected to a second microprocessor; 
and 

a second air duct connecting said first heat sink to said 

second heat sink. 

10. The cooling system of Claim 1 w~erein said first heat sink is 
an opposing bonded heat sink comprised of: 

a first extruded heat. sink comprising a first base portion and 

a plurality of fins projecting transverse to said first base 

portion; and 

a second extruded heat sink comprising a second base 

portion_ and a plurality of fins projecting transverse to 

said second base portion, said second extruded heat sink 

coupled to said first extruded_heat sink to create a 

ducted heat sink with one or more ducts running 

through the ducted heat sink. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. In an enclosed computer system which has an integrated 
circuit package, a cooling system comprising:· 

a blower with an air intake from the exterior of said 
enclosed computer system for providing an air flow; 

a first heat sink attached to said integrated circuit package; 
and 

a first air duct coupling said blower to said heat sink. 

2. The cooliltg system of Claim 1 further comprising an intake 
air duct, one end of which is coupled to the. exterior of said computer 
system and the other end of which. is coupled to .said blower for 
providing said air intake from the exterior of said computer system. 

3. The cooling system of Claim 2 wherein said integrated circuit 
package is a microprocessor. 

4. The cooling system of Claim 3. further comprising: 
a second heat sink connected to a second microprocessor; 

and 
a second air duct connecting said first heat sink to said 

second heat sink. 

5. The cooling system of Claim 2 wherein said first heat sink is 

an opposing bonded heat sink comprised of: 
a first extruded heat sink comprising a first base portion and 

a plurality of fins projecting transverse to said first base 
portion; and 

a second extruded heat sink comprising a second base 
portion and a plurality of fins projecting transverse to 
said second base portion, said second extruded heat sink 
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17. The cooling system of Claim 16 wherein said integrated 
circuit package is a microprocessor. 

18. The cooling system of Claim 17 further comprising: 
a second heat sink means connected to a second 

microprocessor; and 
a second air channel means connecting said first heat sink 

means to said second heat sink means. 

19. The cooling system of Claim 16 wherein said heat sink means ( 
is an opposing bonded heat sink means comprised of: 

a first extruded heat sink means comprising a first base 
portion and a plurality of fins projecting transverse to 
said first base portion; and 

a second extruded heat sink means comprising a second base 
portion and a plurality of fins projecting transverse to 
said second base portion, said second extruded heat sink 
means coupled to said first extruded heat sink means to 
create a ducted heat sink means with one or more ducts 
running through the ducted heat sink means. 

20. The cooling system of Qaim. 19 wherein said integrated 
circuit package is a microprocessor. 

21. The cooling system of Claim 20 further comprising: 
a second heat sink means connected to a second 

microprocessor; and 
a second air channel means connecting said first heat sink 

means to said second heat sink means. 

22. The cooling system of Claim 15 wherein said integrated 
circuit package is a microl'rocessor. 

23. The cooling system of Claim 22 further comprising: 
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11. The cooling system of Claim 10 wherein said integrated 
circuit package is a microprocessor. 

12. The cooling system of Claim 11 further comprising: 
a second heat sink connected to a second microprocessor; 

and 
a second air duct connecting said first heat sink to said 

second heat sink. 

13. The cooling system of Claim 1 wherein said blower is 
thermally controlled to increase the air flow when said integrated 
circuit package requires more cooling and decrease the air flow when 
said integrated circuit package requires less ~oo1:ifig. 

14. The cooling system of Claim 1 wherein said first heat sink is a 
ducted heat sink having one or more ducts for allowing air to flow 
through the ducted heat sink. 

15. In an enclosed computer system which has an integrated 
circuit package, a cooling system comprising: 

a blowing means with an air intake from the exterior of said 
enclosed computer· system for providing an air flow; 

a first heat sink means attached to said integrated circuit 
· package; and 

an air channel means connecting said blowing means to said 
heat sink means. 

16. ~·cooling system of Qaim 15 ·further compri~ing an intake 
air channel means, one end of which is coupled to the exterior of said 
computer system and the other end of which is coupled to said 
blowing means for providing said air intake from the exterior of said 
computer system. 
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29. An opposing bonded heat sink comprised of: 
a first extruded heat sink comprising a first base portion and 

a first plurality of fins projecting transverse to said first 
base portion; and · 

a second extruded heat sink comprising a second base 
portion and a second plurality of fins projecting 
transverse to said second base portion, said second 
extruded heat sink coupled to said first extruded heat 
sink to create a· ducted heat sink with one or more ducts 
running through the ducted heat sin~. 

30. The opposing bonded heat sink of Claim 29 wherein said first 
base portion of the first extruded heat sink includes a first plurality of 
grooves, said first plurality of grooves providing a receptacle for a 
portion of the second plurality of fins of the second extruded heat 
sink, and said second base portion of the second extruded heat sink 
includes a second plurality of grooves providing a receptacle for a 
portion of the first plurality of fins of the first extruded heat -sink. 

31. In a computer system enclosed in a computer chassis, said 
computer system including a blower, a first air duct, and a first heat 
sink attached to one or more integrated circuit packages, a cooling 
method comprising the step of: 

a) employing said blower for providing an air stream 
originating from a source external to said computer 
chassis through said first air duct to said first heat sink. 

32. The cooling method of claim 31 wherein the first heat sink is 
a ducted heat sink having ducts running through it, and the air 
stream flows through said ducted heat sink. 

33. The cooling method of Claim 32 further comprising the steps 
of: 
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a second heat sink means connected to a second 
microprocessor; and 

a second air channel means connecting said first heat sink 
means to said second heat sink means .. 

24. The cooling system of Claim 15 wherein said heat sink means 
is an opposingbonded·heat sink means-comprised of: 

a first extruded heat sink means comprising a first base 
portion and a plurality of fins projecting transverse to 
said first base portion; and 

a second extruded heat sink means comprising a second base 
portion and a plurality of fins projecting transverse to 
said second base portion, said second extruded heat sink 
means coupled to said first extruded heat sink means to 
create a ducted heat sink means with one or more ducts 
running through the ducted heat sink means. 

25. The cooling system of Qaim 24 wherein said integrated 
circuit package is a microprocessor. 

26. The cooling system of Claim 25 further comprising: 
a second heat sink means connected to a second 

microprocessor; and 
a second air channel means connecting said first heat sink 

means to said second heat sink means. 

27. The cooling system of Claim 15 wherein said blowing means 
is thermally controlled to increase the air flow when said integrated 
circuit package requires more cooling and decrease the air flow when 
said integrated circuit package requires less cooling. 

28. The cooling system of Claim 15 wherein said first heat sink 
means is a ducted heat sink means having one or more ducts for 
allowing air to flow through the ducted heat sink means. 
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b) providing said air stream through a second air duct; and 
c) providing said air stream through a second ducted heat 

sink. 

34. In a computer system enclosed in a computer chassis, said 
computer system including a blowing means, a first air channel 
means, and a first heat sink means attached to one or more integrated 

circuit packages, a cooling inethod comprising the step of: 
a) employing said blowing means for providing an air 

stream originating from a source external to said 

computer chassis through said first air channel means 
to said first heat sink means. 

35. The cooling method of claim 34 wherein the first heat sink 
means is a ducted heat sink means having ducts running through it, 

and the air stream flows through said ducted heat sink means. 

of: 

36. The cooling method of Claim 35 further comprising the steps · 

b) providing said air stream through a second air channel 
means; and 

c) providing said air stream through a second ducted heat 
sink means. 

37. A method of combining a first extruded heat sink having a 
plurality of fins projecting from a base portion and a second extruded 

heat sink having a plurality of fins projecting from a different base 

portion, said method comprising the step of: 
using an attachment means to attach the first extruded heat 

sink to the second extruded heat sink to form a 
combined heat sink such that one or more ducts are 
created running through the combined heat sink. 
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38. The method of claim 37. wherein the attachment means is 
performed.by a thermally conductive glue. 


