. A cool em for cooling an electrical conponent of a uter -
systen1conp§|gg'?yr?3g (1) a blower; (2) a first opposing bondeﬁcﬁgﬁqag‘ﬁk
§oupl ed to the electrical conponent the first opposing bonded heat sink
conprising (A a first extruded heat sink conprising a first base portion
and a first plurality of fins projecting transverse to the first base
portion; and (B) a second extruded heat sink conprising a second base
portion and a second plurality of fins projecting transverse to the second
base portion, the second extruded heat sink;coupled to the first extruded
heat sink such that the flrst and the second pluralities of fins interlock

Lo rorm one.or mor e ity b AttsiE WIS FiN e PRI BRERY "o

sink, wherein a heat
- P R

BACKGROUND OF THE INVENTION

Field of the I f
The present invention relates to a heat sink cooling system
for an integrated circuit package in an enclosed computer system.

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 located within a computer_ chassis which contains a fan that
removes the heat generated by the IC.

It is 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
pérmanent 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 smk and the heat transfer rate of
the package.

Microprocessors are a type of IC which often requn'e a heat
sink. For high performance microprocessors employed in 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 microprocess’ors; 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



i ncl udi nyao ys1033% Or

first air duct coupling the blower to the one or nore ducts of the

opposi ng bonded heat
t herein, wherein the
per pendi cul ar to the
I s substantially the
cross sectional area

nmore ducts defines a heat sink surfagafsinsR ?d (3) a
i rst

sink, the first air duct providing an air flow path

first air duct has a cross sectional area in a plane

air -2- flow path, wherein the cross sectional area

same t hroughout the first air duct, and wherein the

is substantially the same as the heat sink surface

area. 2. The cooling systemof claim1 ¥herein the electrical conponent

is a

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 systemi fan to move the heated air
dissipated by the fan heat sink and to pfeveltt recirculation of the
heated air back to the fan heat sink. B -

' 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 problems since both a heat sink
and a fan must be attached to each microprocessor.

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

Another approach involves the use of a 11qu1d 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.



‘pr ocessorw(;s%,om@e cooling systemof claim1l wherein the glcgudosagico
conponent '1s an Integrated circuit. 4. The cooling systemof claim1l

Q‘ urther conprising: an intake air duct connecting an air intake of the
of claim1 further conprising: an intake air duct connecting an air intake
- of the blower to the exterior of the conputer system wherein the intake

air duct connects to the exterior of the conputer systemat a base area of
t he conputer system 6. The cooling systeg of daim1 wherein the bl ower
is coupled to provide an air flowin a direction perpendicular to the one -

or nore ducts of the fi [ﬁb”‘gﬁ@o‘?'hﬁg’feb“%%p%%ﬁ téiﬁibvid%néjcﬂ&ﬂf,@aﬂil}'he

blower, the first air d i st ophos] n%ebonﬂed heat sing e
coupled in an L- sbagirdctedridagsink toefficiently dissipate the heat generated by the

microprocessors.

*bl ower to the next exterior of the conputer system 5. The cooling system -



7. Theve o¢pso systemof claim 1l further conprising: C?ﬂ Jsﬂ))m@ second
opposi ng bonded heat sink connected to a second processor, € second

opposi ng bonded heat sink conprising (A a third extruded heat sink
conprising a third base portion and a third plurality of fins projecting
transverse to the third base portion; (B) a fourth extruded heat sink
conprising a fourth base portion and a fourth plurality of fins projecting
transverse to the fourth base portion, the fourth extruded heat sink
coupled to the third extruded heat sink sé«ch that the third and the fourth
pluralities of fins interlock to forma second pIurallty of ducts running
t hrough the second opposi ng bonded heat

A device and method is described herein for cooling an
integrated circuit package—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 microprocéssor 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 soldering, 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. |



si nk; and ( ond air duct connecting the first opposin %S
sink to thgﬁégglgﬁ) gopposi ng heat sink. 8. A cool ing systemp?gr a cg ut er

iyncl uding a processor conprising: (1) a blower; (2) a first opposing bonded
heat. sink coupled to the processor, the first opposing bonded heat sink
conprising (A a first extruded heat sink conprising a first base portion
and a first plurality of fins projecting transverse to the first base
portion; (B) a second extruded heat sink conprising a second base portion
and a second plurality of fins projecting trgnsverse to the second base.
portion, the second extruded heat sink coupled to the first extruded heat
sink such that the first and the second pluralities of fins interlock to

form : : BRIEF DESCRIPTION OF THE DRAWINGS
' - Fig. 1 is a block diagram of the ducted opposmg bonded fin
heat sink cooling system 100.
Fig. 2 is an alternative block diagram of the ducted opposing
bonded fin heat sink cooling 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 opposmg bonded fin
heat sink 300 after attachment.
Fig. 4 is a representation of a cooling des1gn 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.



one or RipgGeHesé s runni ng through the first opposing bond
wherein a heat sink face including the one or nore ducts %’Bﬁ%zwzégheat

sink surface area; and (3) a first air duct connecting the blower to the ;
one or nore ducts of the first opposing bonded heat sink, the first air

duct providing an air flow path therein, wherein the first air duct has a
cross sectional area in a plane perpendicular to the air flow path at,
wherein the cross sectional area is substantially the same through the

first air duct, wherein the cross sectiongl area is substantially the sane

as the heat sink surface area, and wherein the air flow path is

directionally redirected within the first air duct by apprOX|nater ni nety

degrees. 9. They : g(tj W OF PEE Pt . a
second opposi ng bonded_ hea npected O a seco
PP J Figures 1 throu gh g o? the drawmgs 1sclse 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 apparent to one skilled in

the art that these numbers and quantmes are utilized herein for (
illustrative purposes.

Fig. 1 shows a block dlagram 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
microprocessor 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



ﬁrocesscw,VWiﬁmﬁﬁgond opposi ng bonded heat sink conprising ﬁ@%- %&Qr?
extruded heat sink conprising a third base portion and a thir "%? ap ty of
flins projecting transverse to the third base portion; (B) a fourth extruded
heat sink conprising a fourth base portion and a fourth plurality of fins
projecting transverse to the fourth base portion, the fourth extruded heat
sink coupled to the third extruded heat sink such that the third and the
fourth pluralities of fins interlock to forma second plurality of ducts
funni ng through the second opposi ng bonded lyeat sink;: and (5) a second
air duct connecting the first opposing bonded heat sink to the second

opposing bonded HAgiye: 19 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 microprocessor 170 has proper cooling
since the a1r 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 pressure required to force air from the exterior of the system

- through the air intake duct an'd'éventually through the ducted heat
sinks 130 and 150 on the two microprocessors 160 and 170, which are
cooled in series.' The 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 all 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 sinks. 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



10. A owobéwomasystem for a conputer systemincluding a ppefBssHERs769 :
conprising: (1) a blower neans; (2) a first opposing bonded heat sink neans
coupled to the processor, the first opposing bonded heat sink neans
~conprising two extruded heat sinks, each. of the extruded heat sinks being a
single unit conprising a base portion and a plurality of fins projecting
transverse to the base portion, wherein the plurality of fins of each of

t he extruded heat sinks interlock, wherein a heat sink face including the
one or nore ducts defines a heat sink surBace area; and 11) A cooling
system for a conputer systemincluding a processor conprising: (1) a blower

means: (2) a figegéertpe of Mhe a&n&&d Foes itoughatie ﬁﬁ’&‘l@b@ﬂce%@oﬂ'émeat

processor, the fishs 3pposed o MY dilted filat shﬁﬁagﬁ%%%hw@ aB1ower 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 opposing bonded fin
heat sink 300 is comprised of two 1dent1_cal'_extruded heat sinks 305 and ‘
310. Each of the extruded heat sinks 305 and 310 are comprised of a
base portion 312 and a plurality of fins 314 prbjecting transverse to the
base portion 312.

The extruded heat smk 305 is mverted and rotated 180° from
the extruded heat sink 310. The two extruded heat smks 305 and 310
are then glued together with a thermally conductive epoxy. The
presence of grooves 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 microprocessor. 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 an 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 extruded 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



extruded hephogpfas. each of the extruded heat sinks being aPﬁ,ngs%‘smit
conprising a base portion and a plurality of fins projecting transverse t(')l

tthe base portion, wherein the plurality of fins of each of the extruded
heat sinks interlock, wherein a heat sink face including the one or nore
ducts defines a heat sink surface area; and (3) a first air duct
.coupling the blower neans to the first opposi ng bonded heat sink neans, the
first air duct neans providing an air flow path therein, wherein the first
air duct means has a cross sectional area in9a plane perpendicular to the
air flow path, wherein the cross sectional area is substantially the sane

throughout the fikihediriord er HEARBink. 21l aMBRGH, thbdicompisx RER'dARE 2T ea

'S _Su stantiaily twceuliiasr{}nll resql;[ireea s ?cgu over the to%cien 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 within 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 spirif
or essential characteristics, and thus, the described embodiment is not



12) Thewp@gbiddd system of claim 11 further conprising: agﬁﬁk%&.@ r duct
means for coupling an air intake of the blower neans to the exterior of the

conput er system 13) The cooling systemof claim 11l further conprising:.
an intake air duct neans for coupling an air intake of the blower nmeans to
the exterior of the conputer system wherein the intake air .duct nmeans
connects to the exterior of the conputer systemat a base. area of the
conputer system 14) In a cooling systemenclosed in a conputer chassis,
the cooling systemconprising a blower, apg-air duct, and a ducted heat sink
attached to an integrated circuit package, the ducted heat sink having a
plurality of dygk@iciiebhe! Sopadlt fHe indeffiBh! MEhd TIIRRHinGOARIths '@ t he
steps of: (a) enployi ng e wer Lh%_draw,alrM roma-soyrce external to
t he conputer cHBSaSIVEP scopPgrefthe nveption. AMENETEtY ich come

within the meaning and range of equivalency of the claims are to be

embraced within their scope.



-7- (b) prweoissiorogst he air stream through the air duct, wherptfiykdifnsdds” duct
has a cross sectional area in a plane perpendicular to the air stream
wherein the cross sectional area is substantially the same throughout the
air ducts;—wherein the air streamhas a first direction upon entering the
ai r duct @ﬁlﬁsﬁe&%alsdfenaé gamihas a second direction upo

duct wher ei regtion is substantially per pgmml ‘lmamﬁﬂ“ﬁeﬂll
second. dir mmtgm : jow ding the air streaminto the plkurality o
ducts of t -12-

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 R
- 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;
ond . -
a second air duct connecting said first heat sink to said
second heat sink.

10. The cooling system of Claim 1 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
coupled to said first extruded heat sink to create a
ducted heat sink with one or more ducts running
through the ducted heat sink.



"~ -8- perowblog@gesgf the air actually goes through the mcro heat
sinks, as opposed to the ducted heat sink approach using 2&:@{1@\/\%&’&7&%0 wher e

. all the air is forced t hrough the ducted heat sinks 130 and 150 by the
blomer 110. Addit%enaLLy—~Lhe_bLomer 110 may be ther S0 _as

to increase air flow when nore cooling is required and decrease air flow
when | ess cool i jmm’m mmgﬂ ference i s now made ﬁi | eeilm wfﬁc@s a
. diagram of a du jed fin heat sink 300f T ded
fin heat sink 300 is conpri sed 'of two idetmical extrufled and
310. Each of the extruded heat sinks 305 and 310 are conprised of a base
portion 312 and a plurality of fins 31?&5&;0'& I ng transverse to the base
portion 312. The extruded heat sink 305 1s inverted and rotated [err] from

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 cooling 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 toa second microprocessor;
and '
a second air duct connectmg sa1d first heat smk 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



t he extrudeviobeedpssi nk 310. The two extruded heat sinks 305 gRgyskideRne

t hen gl uedWrmﬂl 'y conductive epoxy. The presence o
grooves 315 in .eac ruded heat sinks 305 and 310 allows for the
pl acenen HamBeeﬁh opp03| te extruded heat —sink—Fgure—3B—shows
ext ruded heat 10 attached toget her.

require a to dissipate the heat PBBWBLM]BIHHM m
For high eff|C| ency, r gaps between the fins nu * nd

narrow, as viewed fromthe end of the heat d4nk. An‘aspect ratio is the
ratio of the air gap height to the air gap wwdth for a given heat sink

channel . Typically, tip mélcesulm %psié&nbmlamfzqsvaneﬁmwae&é@«ateéi nk is 4
to 1. The requirenents of %bs %)ower di ssi Batl ng m croprocessor heat sinks

i s about 10 to 1. CEGuitHackas HECTQRIOES$SPided heat sinks 305 and 310 as
descri bed above, an effective aspect ratio of the opposing bonded heat sink

300 i's created of app{é) X THB! B0 Ym%%ygﬂer& 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 Clann 19 wherein said mtegrated
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 microprocessor.

23. The cooling system of Claim 22 further comprising;:



" The oppo ed heat sink 300 has the advant age of being cheap and easy
t o manuf g%?ﬁ‘te%%rrpared to other heat sinks with a corrparalH:tQ%U E ratio.

. To attain this sane aspect ratio using conventional he&t-&t—nk_des_l_gwd

requi re machi ning or i ndi vi dually gluing fin plates. i tphaS Iate at a
cost of two to three ”‘m per heat sink. e"

conpl ex heat sinks vvou, ""mmm ma shroud over the

duct air flow through the hedt &inR. €onversely, the

sink 300 has the advantage of autonmatical Lyg.providing a duct (or a serl es
of ducts) so that air flow fromthe bl ower 110 flows through the opposing

bonded heat si nk 300 3! GB1RG W okdm ¥ élgﬁnol%p%ﬁéf@nlggﬁjﬁt%gra%eds' nk

circuit package is a microprocessor.

12. The éoolmg 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 cooling.

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 sa1d
enclosed computer system for providing an air flow;

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

an air channel means connectmg sa1d blowing means to said
heat sink means.

16. The cooling system of Claim 15 further comprising 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. '



300 is thatwplhgpi@p surface can be used for |abels. ReferencgcJﬁ
to Fig. 4, which is a representation of a cooliing design for chann |ng alr
to two mcroprocessors 415 and 420 as wel |l as other electronic corrponents
The a g system can be enployed to cool nodular add-in

cards, mgﬁ%%ﬁ@mn% other el ectronic conponents i additiom to

m cropro nNnecti ng duct |engths, cross sect
i mpl eman can vary depending on the system m m H)m Mlﬂ 'w
m cr opro . Many vari ati ons ofl16-hi s inventi en can be real kzed

-usi ng these ba5|c I ngredi ents of nodifying and reorienting the air ducts.
‘For exanple, in sone cases, the systenis axial fan can be directly repl aced

e et I g ol SondsEhed ek e o TL dohone
nol ded plastic cover 410 grifispetrudied 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 sink. |

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 provxdmg 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 m_ethod of Claim 32 further comprising the steps
of: | '

|



m croprq,pga@gﬁﬁ 415 and 420 al ong W|th two ducted heat sinks 425 and 430 as
wel | as other electronic conponents. Fig. 5is a represen{"é’f 8w ng how
the air channel of Fig. 4 Tan-be-coupled to a blower

the two m croprogm nd 420 as well as the ot harhlsg},@ep]t]
conmponents wi thi ﬂﬂ ]m} ﬁ ,uw i‘c. cover 410. From't hej, ?on
it will be apparert fhat nti on discl osed herei n el

and advant ageous heat sink cooI i ng system The foregoi n
di scl oses and descri bes exenpl ary met hodgsand enbodi nents of ‘the present
I nvention. As will be understood by those famliar with the art, the

I nvention may be enbod] i eL 1fic W t hout departing from
its spirit or essenti %g%ﬁﬁ‘aa@%%rsﬁ%ﬁ'i Cﬁ)gn?ﬁ%? totq.@ P21 i bed enbodi nent
is not 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 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.

25. The cooling system of Claim 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. |



-10- restrind é/flosy’ the scope of the invention. The foll ow %%

i ndi cative of the scope of the invention. All-.variations whiC th| n
tihe neani ng and range of equival ency of the claims are to

within their scope. - -12- coupled to said-first extrudedhjgggget@s
create a ducted heatt Immmu;m nore ducts runni ng t
heat .sink. 6. The.coo m,ﬂ“lal m 5 wherein said |

package is a microprocéssbr.t

=17~

b) providing said air stream through a second air duct; and
¢) 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 method 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.

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

of: '

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.




7. The ¢apbdisygssystemof Caim6 further conprising: a s heat sink
connected to a second m croprocessor; and a second air %&qﬂ?ﬁﬁgﬁ?l ng said

first heat sink to.said second heat sink. 8. The cooling systemof Caiml .
wher ei n sai \Lﬂt egrated circuit package is a m Cropr ocessor—9%—Fhe-—cool i ng

syst em of 51‘8:%‘ t-hef..CQ) n_prl sing: a second hea ed to a

second m cffopr econd air duct conne "ﬁmp wm& heat

sink to sa sin 10. The cooling systemo erel n
posi ng bondgg.heat sink conprised of: a first

said first heat sin
extruded heat sink conprising a first base portion and

38. The method of claim 37 wherein the attachment means is
performed by a thermally conductive glue.



v

a pluralityWeor9eioness projecting transverse to said first base ggrtion' and a
second extruded heat sink conprising a second base portion ah ’gs’lﬁ’qﬂ?i’l ity
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 nore ducts running through the ducted heat

si nk. CLAIMS WHAT IS CLAIMED IS: {741 n an enclosed conputer system which
has an integrated.circuit package, a cooling system conpri sing:
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a bl owner  wyid, ir intake fromthe exterior of said enclosed conputer
system f or proa{?}jiigiﬁng an air flow, a first heat sink at t ache &CTSe§(PGT69

i Ategrated circuit package; and a first air duct coupling said blower to
~said heat sink. 2. The cooling systemof Caim1 further conprising an
-intake air duct, one end of which i /&ﬁupl ed to the exterior of said.
conputer system and the other end Which is coupled to said blower for
providing said air intake fromthe exterior of said conputer system 3. The
cooling systemof Claim2 wherein said integrated circuit package is a

m croprocessor. 4. The cool i ngGR@OMWENn of Claim 3 further conprising: a
second heaB08i nk cofRQOVE t o a 3tEoNGROOVEpP' ocessorEXTRUDEDsecond air

duct connectN\ng said R1Pst heat sfink to3sid HEAT SINK
. 305

—

~ FIN FIN &N
314 314 344 | EXTRUDED
HEAT SINK
310

—

i o

BASE PORTION

*2 " FIGURE 3A

FIGURE 3B



Second he ' 5. The cooling systemof Caim2 wherein ' | heat
sink is an 8ppo§?ﬁg bonded heat sink conprised of: a first gé??ﬁ%%ﬁﬁ%eat
sink conprising a first base portion and a plurality of fins projecting
.transverse to said first base portion; and a second extruded heat sink
conprising a second base portion and a plurality of fins projecting
transverse to said second base portion, said second extruded heat sink
-14- 17. The cooling systemof Claim16 wherein said integrated circuit
package is a m croprocessor. '
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18. The cowbigaipsystem of Claim 17 further conprising: a sef&qﬁ J%g’ 69si nk
means connected to a second m croprocessor; and a second ai o % means

eonnecting said first heat sink neans to said second heat sink neans. 19.
The cooling systemof C aim16 wherein said heat sink nmeans is an opposing
bonded heat sink neans conprised of: a first extruded heat sink nmeans
conprising a first base portion and a plurality of fins projecting
transverse to said first base portion;, and a second extruded heat sink
means conprising a second base portiqﬂ4and a plurality of fins projecting
transverse.to said second base portion, said second extruded heat sink
means coupled to said first extruded heat sink nmeans to create a ducted
heat sink nmeans with one or nore ducts ‘

FIGURE 5




runni ng through the ducted heat sink means. 20. The cool I ng system of CI aim
19 wherein said integrated circuit package is a m crofjrocessor:
cooling systemof Claim?20 further conprising: a secofd EMC%VWT%%E

connected to a-second—wretroprocessor; and a second ai chan Eg@m

_cl_gnnecuI ng said first @em E ans to said second e'a@tesrrr 22
he cooling SySt E erein said integrated Clrcui-—package—+s—f
m croprocessor. *syst em of Claim 22 fEﬁP%@EM@HﬂJ;'?@@ q"g\
- 13- O escrntlon paged ..... to paged ...
CLAIM LN n(s\ : paged i to paged ...
3 03 Prawing(s) : paged ..... to paged .7,
WHAT IS-CLAIMED IS: Abstract  : paged .. to paged .7

DATE OF RECEPT.S-7-91..

1. A cooling system for cooling an elgc_:trical component of a computer
- system comprising:
(1) a blower;
(2) a first opposing bonded heat sink coupled to the electrical
component, the first opposing bonded heat sink comprising
(A) a first extruded heat sink comprising a first base
portion and a first plurality of fins projecting
transverse to the first base portion; and
(B) a second extruded heat sink comprising a second base
portion and a second plurality of fins projecting
| transverse to the second base portion, the second
extruded heat sink coupled to the first extruded heat sink
such that the first and the second pluralities of fins
interlock to form one or more ducts running through
the first opposing bonded heat sink, wherein a heat sink face
including the one or more ducts defiﬁes a heat sink
surface area; and
(3) a first air duct coupling the blower to the one or more
ducts of the first opposing bonded heat sink, the first air duct
providing an air flow path therein, wherein the first air duct

has a cross sectional area in a plane perpendicular to the air

|_AMENDED sper




11. The cooling systemof Caim10 wherein said _int egrat ed ci rcw t package
is a mcroprocessot system of O a| “ti-further conprising:
a second heat sink BMEE@W%EEEE ond m cropr and a second air
duct connecting saild|first heat singkjto said sec %’wﬂﬂ”jm . The
lled to

cooling systemof d di ng5 BER 8% daild bl ower is thet
I ncrease the air fljow when said intleqrated circuit package réquitres nore

cool ing and decreas te—air 11 ow whgn said integrated circuit package
requires less coolipg. 14. The cgolidg SArstem of Claim 1 wherein said first
heat sink is a ducted heggwshith; Htvéreth ﬁ(@u%s SRR Al akén fsubat th T

to flow through the ducted heat sink. 15. In an enclosed conputer s stem
which has an integrated same throughout the first air duct, and wherein the cross

sectional area is substantially the same as the heat sink surface
R * area.

2. The cooling system of claim 1 wherein the electrical component is a

processor.

3. The cooling system of claim 1 wherein the electrical component is an

integrated circuit.

4. The cooling system of claim 1 further comprising:

an intake air duct connecting an air intake of the blower to the
next exterior of the computer system.
5. The cooling system of claim 1 further comprising:

an intake air duct connecting an air intake of the blower to the
exterior of the computer system, wherein the intake air duct connects to the

exterior of the computer system at a base area of the computer system.

6.  The cooling system of Claim 1 wherein the blower is coupled to
provide an air flow in a direction perpendicular to the one or more ducts of
the first opposing bonded heat sink, and wherein the blower, the first air
duct and the first opposing bonded heat sink are coupled in an L-shaped
configuration.

7. The cooling system of claim 1 further comprising:

” AMENDED SHEET




circuit package, a cool 'R'E_gi 3VE I\E,“ 8 E‘{IJ ng: a bl owing neans with an air

| ntiake‘fromthe exteri conput er System for providing an

air flow, a first heat S|nk ans, ahdto said i

package; and an air chdnrje tqkn cting said bl Mmmmlmm Ml d
heat sink nmeans. 16. THe cool | nq syst f Oaim15 further Lcohprisi’ng an
I ntake air channel nearls, one end of whig¢h is coupled to the exterior of
sai d conmputer system a d which is coupled to said bl ow ng
means for providing said air intake fromthe-3xterior of said conputer
system (4) a second opposing bonded heat sink connected to a second

processor, the second opposing bonded heat sink comprising

(A) a third extruded heat sink comprising a third base
portion and a third plurality of fins projecting transverse to the third base
portion; - | .

(B) a fourth extruded heat sink comprising a fourth base
portion and a fourth plurality of fins projecﬁng transverse to the fourth base
portion, the fourth extruded heat sink coupled to the third extruded heat
sink such that the third and the fourth pluralities of fins interlock to form a
second plurality of ducts running through the second opposing bonded heat
sink; and

(5) a second air duct connecting the first opposing bonded heat
sink to the second opposing heat sink.
8. A cooling system for a computer including a processor comprising;:
(1) a blower;
_ (2) a first opposing bonded heat sink coupled to the processor,
the first opposing bonded heat sink comprising

(A) afirst extruded heat sink comprising a first base
portion and a first plurality of fins projecting transverse to the first base
portion;

(B) a second extruded heat sink comprising a second base
portion and a second plurality of fins projecting transverse to the second
base portion, the second extruded heat sink coupled to the first extruded heat

sink such that the first and the second pluralities of fins interlock to form

| AMENDED SHEET
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29. An opposi ng bonded_heat He—e:
conprising a first bajREPPACEMENANSH
transverse to said finfst

conprising a second bgs ti
transverse to said sedo dqg séﬁggﬁp?o
coupled to said first |e t Nk
one or nore ducts runnj ng through the du
bonded heat sink of C ‘a=#29—werein sal

ed of:" a first extruded heat sink
rst plurattTty of fins projecting

cconaptor IR EINNRA cct  no
sai d second=ext ruded heéat*sink

to create a ducted heat sink with
cted heat sink. 30. The opposing
d fi+dst base portion of the first

extruded heatos¢ ok o duets mufring tthpoughathie firsfoppasing bonded heat sink,

plurality of grooves providing a rece

plurality of wheseinfa hieet sinkofade éx¢lndireg

portion of the second extruded heat sink
surface area; and

pt acl e for a portion of the second

thecane or mioreaddcts alefines @ohehtixinle

- (3) a first air duct connecting the blower to the one or more

ducts of the first opposing bonded heat sink, the first air duct providing an

air flow path therein, wherein the first air duct has a cross sectional area in a

plane perpendicular to the air flow path at, wherein the cross sectional area.

is substantially the same through the first air duct, wherein the cross

sectional area is substantially the same as the heat sink surface area, and

wherein the air flow path is dire_ectionally redirected within the first air duct

by approximately ninety degrees.
9..  The cooling system of claim

(4) a second opposing

8 further comprising:

bonded heat sink connected to a second

processor, the second opposing bonded heat sink comprising

(A) a third extruded heat sink comprising a third base

portion and a third plurality of fins projecting transverse to the third base

portion;

(B) a fourth extruded heat sink comprising a fourth base

portion and a fourth plurality of fins projecting transveérse to the fourth base

portion, the fourth extruded heat sink coupled to the third extruded heat

sink such that the third and the fourth pluralities of fins interlock to form a

second plurality of ducts funning through the second opposing bonded heat

sink; and
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I ncl udes a second plur
of the first plurality
conmput er system encl os¢d
including a blower, a fi
or nore integrated cird
of : a) enploying said Rl
source external to said

pert ﬁgswﬁmt EAFEF

| r§st | E»@L

wi c afe
. for

conputer chassi s

viac

nr f\\ll

rovi di Ng—a—reeceptacle for
st extr

for a portion
heat sink. 31. In a
chassi s

jaf.rsﬂi&ummum

hed to one
bol i ng net hod conprl inNg the step

ifig an air streamoriginating froma

through said first air duct to

hod=8f claim 31 wherein the first

said first heat sink. &
heat sink is a ducted

F2we=Hre—cootiTgTTe

heg@) assebbnilayd Adcidispinecting the Gritvppising bonded Hele

air streamflows through said ducted heat sink. 33. The cooling nethod of
Caim 32 furt Bk ¢6'TRé s8tdiil bppoSingMoriied heat sink.

10.

comprising:

’

(1) a blower means;

A cooling system for a computer system including a processor

(2) a first opposing bonded heat sink means coupled to the

processor, the first opposing bonded heat sink means comprising two

extruded heat sinks, each of the extruded heat sinks being a single unit

comprising a base portion and a plurality of fins projecting transverse to the

base portion, wherein the plurality of fins of each of the extruded heat sinks

interlock, wherein a heat sink face including the one or more ducts defines a

heat sink surface area; and

11)

comprising:

(1) a blower means:

A cooling system for a computer system including a processor

(2) a first opposing bonded heat sink means coupled to the

processor, the first opposing bonded heat sink means comprising two

extruded heat sinks; each of the extruded heat sinks being a single unit

comprising a base portion and a plurality of fins projecting transverse to the

base portion, wherein the plurality of fins of each of the extruded heat sinks

interlock, wherein a heat sink face including the one or more ducts defines a

heat sink surface area; and

| AMENDED SHEET




-15- a second heat sink nmeans connected to a second microprocessor;

second air channel nea
second heat sink neansj'

heat sink neans is an

p)OSII’lg bgn g
extruded heat sink neaps
fins projecting transv rse to sai d f|r

extruded heat sink nmeags conprising a s

of fins projecting trapsyerse tao

extruded heat sink

— —

and a
first heat _sink nmeans to said
system of C aim 15 wherein said

St SLQEe”EﬂIﬂlﬁtﬂﬂElllﬁmJﬁll ity of

ality of
base porti én; and a sécond
ond base portion and a plurality
ong base portion, said second

(3) a first air duct coupling the blower means to the first

opposing bonded heat sink means, the first air duct means providing an air

flow path therein, wherein the first air duct means has a cross sectional area

in a plane petrpendicular to the air flow path, wherein the cross sectional

area is substantially the same throughout the first air duct means, and

wherein the cross sectional area is substantially the same as the heat sink

surface area.

12)  The cooling system of claim 11 further comprising:

an intake air duct means for coupling an air intake of the

blower means to the exterior of the computer system.

13)  The cooling system of claim 11 further comprising:

an intake air duct means for coupling an air intake of the blower

means to the exterior of the computer system, wherein the intake air duct

means connects to the exterior of the computer system at a base area of the

computer system.

14) In a cooling system enclosed in a computer chassis, the cooling system

comprising a blower, an air duct, and a ducted heat sink attached to an

integrated circuit package, the ducted heat sink having a plurality of ducts

running through it, a cooling method comprising the steps of:

(a) employing the blower to draw air in from a source external

to the computer chassis to create an air stream;

AMENDED SHEET




means coupled to said first extruded heat sink neans to create a ducted
heat sink neans wi th one_or_nmore -duets—runni ng through the ducted heat sink
means. 25. The cooling- '%{E}.%?ﬁﬁ@?ﬁ&ﬁ 24 wherein said integrated circuit
package is a micropro¢esser—-26—TFheopl i ng system of O aim25 further
conprising: a second heat sink.preaRs fohnected to a second m croprocessor;
and a second air chanfell & nﬁLbO‘H;}Jéc ihg said first r‘ Iﬁ“l““!m!HmE
sai d second heat sink ans. 27 ..The—£o0bling system ofm [

sai d blowing neans is{thermally control ked to increase Yhé air flow when
said integrated circui ' nore cooling and decrease the air
flow when said integrated circuit package kequires |less cooling. 28. The

cooling systemof Claim215 wherein said first heat sink .
(b) providing the air stream through the air duct, wherein the

air duct has d cross sectional area in a plane perpendicular to the air stream,
~ wherein the cross sectional area is substantially the same throughout the air
ducts, wherein the air stream has a first direction upon entering the air duct
and the air stream has a second direction upon exiting the air duct wherein
the first direction is substantially perpendicular to the second direction; and
(c) providing the air stream into the plurality of ducts of the

ducted heat sink.

| ” AMENDED SHEET




nmeans i s a ducted heat sink means having one or nore ducts for allowng air
to flow through the ducted heat sink neans. -17- b) providing said air
stream t hrough a second air duct; and c) providing said air streamthrough
a second ducted heat sink. 34. In a conputer system enclosed in a conputer
chassis, said conputer systemincluding a8bl owi ng neans, a first air

channel means, and jtinea HAROSINCIRCRASDIRAHRICE SR GUER! ¢

i ntegrated circuit “packages, a coofrng thod co ep of: a)

enpl oyi ng sai d bl owi ng %-M@@ﬁbéb@goﬁ‘c@dmé%ﬁmg' nating froma
source external to sai 5\_@1___________—

ABSTRACT OF THE DISCLOSURE

A device and method for cooling an integrated circuit package—in
particular, a microprocessor—within an enclosed computer s-ystem. The
device comprises a blower, a first heat sink attached to the microprocessor,
and a first air duct coupling the blower to the first heat sink. The blower has
an air intake from the exterior of the computer system. The blower generates
an air stream which flows through the first air duct to the first heat sink for
cooling the first microprocessor. A second air duct connected to the first heat
sink may be used to subsequently. direct the air stream to a second heat sink
for cooling a second microprocessor. An efficient ducted heat sink for use in
this cooling system can be easily constructed by attaching two extruded heat

sinks.
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ceonput er fchmssis through said first air channel neans to said heat + !
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(57) Abstract ' - .

A device and mcthod for cooling an integrated circuit package - i in particular, § mxcrop@ce,ssor - within an enclosed computer system.
. The device comprises a blower (110), 2 first heat sink (130) attached to Wsor, and a first air duct (120) coupling the blower
(110) to the first heat sink (130). The blower (110) has an air intake (135) from the exterior of the computer system. The blower (110)
generates an air stream which flows through the first air duct (120) to the first heat sink (130) for cooling the first microprocessor (160). A
second air duct (140) connecmedtotheﬁrsthmsmk(BO)maybeusedtosubsequentlydnecttheaustreamtoasecondheatsmk (150)
for cooling a second microprocessor (170). An efficient duct heat sink for use in this cooling system (100) can be easlly constructed by
attachmg two extruded heat sinks.
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using an attachment neans to attach the first extruded heat sink te the
second extruded heat sink to forma conbined heat sink such that one or
nore ducts are created running through the conbined heat sink.
The nmethod of claim 37 wherein the attachment neans is perforned by a

thermal |y conductive glue
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" United Kingdom

Georgia
Guinea

" Greece

Hungary

Ireland

Taly

Japan

Kenya

Kyrgystan
DemocchPeoplesRepubhc

Republic of Mokiova
Madagascar

Mali

Mongolia
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Malawi

Niger
Netherlands
Norway

New Zealand
Poland '
Portugal
Romania
Russian Federation
Sudan

Sweden
Slovenia
Slovakia
Senegal

Chad

Togo

" Tajikistan

Trinidad and Tobago
Ukraine

United States of America

Uzbekistan
‘Viet Nam
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