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for coupling a device to a heat pipe, wherein a heat transformable material
is placed at the location on the heat pipe at which the device is to be cou-
pled. The device is positioned relative to this location and in contact with
the heat transformable material and subsequent heat is applied to the end
of the heat pipe opposite the coupling location. The external heat which
is applied to the heat pipe is transferred along the heat pipe to the proxim-
ity of the coupling location. The heat transformable material, undergoes
a change due to the application of heat and mates the device with the heat
pipe. Upon the removal of the external heat source the heat transformable
material changes into a substantially solid state thereby coupling the de-
vice to the heat pipe.
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METHOD AND APPARATUS FOR COUPLING AND DECOUPLING
A DEVICE AND A HEAT PIPE

FIELD OF THE INVENTION

[0001] The present invention pertains to the field of connections and in particular to a

method and apparatus for coupling and decoupling a device and a heat pipe.

BACKGROUND

[0002] A heat pipe is a simple device that can quickly transfer heat from one point to
another. A typical heat pipe is formed from a sealed hollow tube, which is typically
manufactured from a thermally conductive material, for example copper, aluminium or
the like. A heat pipe contains a working fluid therein and an internal wick structure
which provide a means for liquid phase working fluid to return from a condenser end of

the heat pipe to an evaporator end thereof.

[0003] As is known, a heat pipe is different from a thermosyphon in that a heat pipe is
capable of heat transfer against the force of gravity through an evaporation-condensation

cycle with the aid of the internal wicking structure.

[0004] The wick structure allows the capillary driving force to return the condensate,
namely the liquid phase working fluid, to the evaporator end. The quality and type of
wick structure usually determines the orientation dependent performance of a heat pipe.
Different types of wick structures are used depending on the application for which the
heat pipe is being used and these wick structures can include sintered, grooved, mesh
structures or the like. In addition, working fluids can range from liquid helium for
extremely low temperature applications to mercury for high temperature conditions, with

various other working fluids like water, ammonia or alcohol therebetween.

[0005] An important consideration during fabrication of systems integrating heat pipes
and during operation of heat pipes, is that when a heat pipe is heated above a certain
temperature, which will depend on the materials from which it is fabricated, all of the

working fluid in the heat pipe will vaporize and the condensation process will cease to
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occur; and under such conditions, the heat pipe becomes substantially ineffective.
Under these conditions, there is also a potential danger of rupture of the heat pipe body,
namely the scaled hollow tube, due to excessive pressure. Alternately, if the condenser
end of the heat pipe becomes too cold, the working fluid may solidify and thus prevent

further operation of the heat pipe.

[0006] Based on the above, the connections between a device and a heat pipe can be
complicated by the thermal transport capabilities of the heat pipe. In addition, the
sensitivity of the device to thermal conditions during the coupling or decoupling process

can further complicate the process.

[0007] Therefore there is a need for a method of coupling and decoupling a device and

a heat pipe which can be performed in an easy and repeatable manner.

[0008] This background information is provided to reveal information believed by the
applicant to be of possible relevance to the present invention. No admission is
necessarily intended, nor should be construed, that any of the preceding information

constitutes prior art against the present invention.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a method and apparatus for
coupling and decoupling a device and a heat pipe. In accordance with an aspect of the
present invention, there is provided a method for coupling a device to a heat pipe, the
method comprising the steps of: placing heat transformable material on a first region of
the heat pipe; positioning the device on the heat transformable material; heating a
second region of the heat pipe with a heat source, wherein the heat pipe transfers heat
from the second region of the heat pipe to the first region of the heat pipe to transform
the heat transformable material into a deformable state; and removing the heat source;
thereby enabling the heat transformable material to phase transform to a substantially

solid format thereby coupling the device to the heat pipe.

[0010] In accordance with another aspect of the present invention, there is provided a
method for decoupling a device from heat pipe, said device coupled to the heat pipe with

a heat transformable material, the method comprising the steps of: heating a second
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region of the heat pipe with a heat source, wherein the heat pipe transfers heat to the first
region of the heat pipe to transform the heat transformable material to a deformable

state; decoupling the device from the heat pipe; and removing the heat source.

[0011] In accordance with another aspect of the present invention there is provided an
apparatus for coupling a device to a heat pipe, the apparatus comprising: an retaining
device for holding the heat pipe in a first position, the first position providing access to a
first region and a second region of the heat pipe, said device being coupled to the first
region using a heat transformable material; an alignment device for aligning the device
relative to the first region; and a heat source configured to cooperate with the retaining
device and configured to heat the second region of the heat pipe; wherein the device is
coupled to the heat pipe upon transformation of the heat transformable material by the

heat supplied by the heat source.

BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1 illustrates a light-emitting element package prior to being coupled to a

heat pipe according to one embodiment of the present invention.

[0013] Figure 2 illustrates a coupling/decoupling apparatus according to one
embodiment of the present invention, which enables alignment and coupling or

decoupling between a heat pipe assembly and a lighting-emitting element assembly.

[0014] Figure 3 illustrates a coupling/decoupling apparatus according to one
embodiment of the present invention, which enables alignment and coupling or

decoupling between a heat pipe assembly and a lighting-emitting element assembly.

[0015] Figure 4 illustrates a coupling/decoupling apparatus according to one
embodiment of the present invention, which enables alignment and coupling or

decoupling between a heat pipe assembly and a lighting-emitting element assembly.

[0016] Figure 5 illustrates a plan view of the coupling/decoupling apparatus of
Figure 4.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0017] The term “device” is used to define a type of component which during its
operation generates an amount of heat and from which heat removal is desired. A
device can define a type of electrical component for example, a processor, light-emitting
element or other electrical, electronic or electro-optical component as would be known
to a worker skilled in the art. In addition, a device can additionally comprise a printed

circuit board (PCB) or other type of board to which it is operatively connected.

[0018] The term “light-emitting element” (LEE) is used to define a device that emits
radiation in a region or combination of regions of the electromagnetic spectrum for
example, the visible region, infrared and/or ultraviolet region, when activated by
applying a potential difference across it or passing a current through it, for example. A
light-emitting element can have monochromatic, quasi-monochromatic, polychromatic
or broadband spectral emission characteristics. Examples of light-emitting elements
include semiconductor, organic, or polymer/polymeric light-emitting diodes, optically
pumped phosphor coated light-emitting diodes, optically pumped nano-crystal light-
emitting diodes or other similar devices as would be readily understood by a worker
skilled in the art. Furthermore, the term light-emitting element is used to define the
specific device that emits the radiation, for example a LED die, and can equally be used
to define a combination of the specific device that emits the radiation together with a

housing or package within which the specific device or devices are placed.

[0019] As used herein, the term “about” refers to a +/-10% variation from the nominal
value. It is to be understood that such a variation is always included in any given value

provided herein, whether or not it is specifically referred to.

[0020] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which

this invention belongs.

[0021] The present invention provides a method and apparatus for coupling a device
to a heat pipe, wherein a heat transformable material is placed at the location on the heat

pipe at which the device is to be coupled. The device is positioned relative to this
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location and in contact with the heat transformable material and subsequent heat is
applied to the end of the heat pipe opposite the coupling location. The external heat
which is applied to the heat pipe is transferred along the heat pipe to the proximity of the
coupling location. The heat transformable material, undergoes a change due to the
application of heat and mates the device with the heat pipe. Upon the removal of the
external heat source, the heat transformable material changes into a substantially solid

state thereby coupling the device to the heat pipe.

[0022] Figure 1 illustrates a light-emitting element package prior to being coupled to
the heat pipe using a method according to one embodiment of the present invention.
The light-emitting element package includes light-emitting element 10 which is coupled
to a substrate 20 and enclosed by lens 15. The heat pipe 30 has a heat transformable
material 35 on one end thereof. Upon the application of heat 40, the light-emitting
element package can be moved towards the heat pipe and a predetermined amount of
pressure 25 can be applied in order to provide a desired level of contact between the heat
transformable material, the light-emitting element package and the heat pipe. The heat
transformable material can substantially conform to a contact surface with light-emitting
element package and upon the removal of heat, the heat transformable material changes
to a substantially solid form thereby forming a bond between the light-emitting element
package and the heat pipe, thus coupling them together. This bond which is formed can
provide for the transfer of heat generated by the light-emitting element 10 from the
substrate 20 to the heat pipe and subsequently potentially to a thermal dissipation

mechanism of environment.

[0023] The heat transformable material can be a type of material which is capable of
change upon the application of heat and which before or after cooling thereof changes
phase into a substantially solid format. The heat transformable material can be used to
form either a permanent joint or a non-permanent joint. For example a heat
transformable material can be a soft or hard solder, thermoplastic elastomer, thermal
activated adhesive, epoxy, thermal epoxy, silicone, methacrylate, PMMA material, or
other type of thermally conductive bonding material as would be known to a worker
skilled in the art. In one embodiment of the present invention, the heat transformable
material may be a thermally curable material for example a heat-curable adhesive, or
other form of thermally curable material as would be readily understood by a worker

skilled in the art.
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[0024] The external heat source which is used to heat the heat pipe during the
coupling or decoupling process can be selected from a wide range of heat sources. For
example the heat source can be air or a heated fluid bath for example water, oil or other
fluid heated bath, heated vapour or the like as would be readily understood. In addition,
the heat source can be a type of heating device for example a torch, iron, radiant electric
heater or other type of heating device as would be readily understood. In one
embodiment of the present invention, the heat source can be in direct contact with the
heat pipe, for example when the heat source is an iron. The selection of the type of heat
source can be determined based on the intended use thereof, which can depend on access
to the heat pipe or proximity of temperature sensitive components or materials to the

heat pipe.

[0025] In one embodiment of the present invention, a hot air gun is used as the heat

source due to the cleanliness, relative safety and ease of use of this type of heat source.
Method Parameters

[0026] In one embodiment of the present invention, the heat transformable material is
selected such that its transformation temperature, namely the temperature at which the
phase change of the heat transformable material occurs, is less than the melting point
temperature of materials which were used in previously formed connections associated
with the device to be coupled. For example, the previously formed connections can
include solder joints which are used to join light-emitting elements and/or other
electronic components to a PCB, which together form the device which is to be coupled

to the heat pipe.

[0027] In one embodiment of the present invention, the time period required for the
coupling of the device and the heat pipe is selected such that the heat transformable
material used has a transformation temperature which is the same or greater than the
melting point temperature of materials which were used for previously formed
connections associated with the device to be coupled. For example, in this embodiment,
if the formation of the connection between the device and a heat pipe can be performed
relatively quickly and subsequently cooled substantially rapidly, the heat transferred to
the previously formed connections may be substantially minimized and previously

formed connections can remain intact. These considerations can enable selection of a
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heat transformable material which may otherwise not have been possible due to potential

thermal impact on previously formed connections during the coupling process.

[0028] In one embodiment, the heat transformable material requires an elevated
temperature for an extended period of time, and therefore the heat transformable
material is selected such that its transformation temperature is lower than the melting
point temperature of materials which were used for previously formed connections

associated with the device or heat pipe.

[0029] In one embodiment of the present invention, low temperature heat
transformable materials or solders are used to help prevent heat pipe rupture due to
excessive heating during the coupling process. In one embodiment of the present
invention, indium tin solder with a melting point of about 118°C is used. In other
embodiments, bismuth tin with a melting point of about 138°C or an epoxy with a cure
profile around about 140°C range can be used to couple a device to a heat pipe. Other

material formats would be readily understood by a worker skilled in the art.

[0030] In one embodiment of the present invention, the heat transformable material is
selected such that thermal gradients and transients which are applied to electronic
components associated with the device during the coupling process are substantially
minimized in both duration and slope. This can be enabled by selecting a heat
transferable material which has a low activation temperature or transformation
temperature and a transformation time period which requires that the heat transformable

material be kept at this transformation temperature for as short a time as possible.

[0031] In one embodiment of the present invention, upon removal of the heat source,
active cooling is used to cool the heat pipe. In the embodiments wherein the heat
transformable material is a solder or solder paste, it can be desired that this type of
transformation material is not maintained in a molten state for an extended period of
time, thereby substantially preventing oxidation or the formation of undesirable
intermetallics in the solder joint, which may impede the desired functionality of the joint

being formed.

[0032] In one embodiment of the present invention, cooling of the heat pipe can
substantially immediately follow transformation of the heat transformable material,

which can aid in the prevention of oxides and intermetallics forming.
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[0033] In one embodiment of the present invention, the heat transformable material is
selected such that the transformation temperature thereof is above the normal operation

temperature of the device.

[0034] In one embodiment of the present invention, during the coupling process
relative pressure is applied between the heat pipe and the device in order to enhance the
resulting connection between the device and the heat pipe. For example, when applying
pressure to enhance the coupling process, this pressure should be sufficient to ensure
good thermal contact between the heat pipe and the device and sufficient to enable
mechanical seating of the device within the heat transformable material. The pressure
however, should be selected such that during the coupling process sufficient heat
transformable material remains present between the device and the heat pipe before

solidification, in order to provide a desired level of connection there between.

[0035] In one embodiment of the present invention, when simultaneously coupling a
device to a plurality of heat pipes, substantially all mating surfaces between the device
and each of the plurality of heat pipes should join adequately in terms of thermal contact
and mechanical seating. In one embodiment of the present invention, wherein multiple
connection points are present, the apparatus for coupling and decoupling is configured in
order that all of the multiple connection points are heated and cooled at substantially the

same rate.

[0036] In one embodiment of the present invention, the coupling/decoupling apparatus
is configured such that the device and heat pipe do not move relative to each other
during the curing or cooling phase of the coupling process. If relative movement occurs
during this stage, the resulting connection may be compromised or a build up of internal

stress may result in the connection between the coupled device and heat pipe.

[0037] In one embodiment of the present invention, the coupling/decoupling apparatus

is configured such that a desired bond line thickness is achieved.

[0038] In one embodiment of the present invention, the coupling/decoupling apparatus
provides a means to monitor and/or control of the heat pipe and/or the device

temperature.
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[0039] The present invention further provides a method for decoupling a device from a
heat pipe, wherein the device is coupled to a first end region of a heat pipe using a heat
transformable material. In accordance with one embodiment of the present invention,
decoupling a device from a heat pipe comprises heating a second end region of the heat
pipe with a heat source, wherein the heat pipe transfers heat to the first end region of the
heat pipe thereby causing a transition of the heat transformable material, such that the
heat transformable material is in a deformable or fluid state. The device can

subsequently be decoupled from the heat pipe and the heat source can be removed.

[0040] The invention will now be described with reference to specific examples. It
will be understood that the following examples are intended to describe embodiments of

the invention and are not intended to limit the invention in any way.

EXAMPLES

EXAMPLE 1:

[0041] Figure 2 illustrates a coupling/decoupling apparatus according to one
embodiment the present invention, which can be used to perform a method according to

the present invention.

[0042] Initially, a heat pipe/cooling fin assembly 125 is placed in the
coupling/decoupling apparatus 115 which allows heated or cooled air 140 to flow over a
second end of the heat pipe/cooling fin assembly, wherein the exhaust 145 exits at the

opposite side of the coupling/decoupling apparatus.

[0043] In one embodiment of the present invention, a pre-coupling action is
performed. In this embodiment, a desired amount of solder paste is placed on the first
end of each of the heat pipes in the heat pipe/cooling fin assembly 125. Sufficiently hot
air 140 is blown over the second end of the heat pipe/cooling fin assembly 125 to cause
the solder paste to melt. During this process it can be possible to evaluate whether all
the heat pipes are working correctly, because the solder paste on the first end of each of
the heat pipes should melt at approximately the same time. The heat source is
subsequently switched off, allowing the solder to solidify and thereby form solder

bumps.
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[0044] In this embodiment, the next sequence of steps enables the formation of a
connection between the printed circuit board (PCB) 110 and the multiple heat pipes in
the heat pipe/cooling fin assembly 125. The PCB 110 which is pre-assembled with
light-emitting elements and other components coupled thereto using solder with the
same or a higher melting point than that of the solder paste placed on the heat pipes, is
placed in the coupling/decoupling apparatus such that a desired alignment between the
PCB 110 and the heat pipe/cooling fin assembly is realised and contact is made with the
solder bumps which were previously formed on the first end of each of the heat pipes in
the heat pipe/cooling fin assembly. A pressure plate 100 is subsequently connected to
the coupling/decoupling apparatus. The pressure plate 100 comprises holes 155 which
fit over alignment pegs 130 of the coupling/decoupling apparatus and further comprises
smaller diameter holes 150 which fit over the mounting posts 135 on the heat
pipe/cooling fin assembly 125. The holes 155 and 150 are of sufficient diameter in
order to allow for sufficient clearance for nuts to be secured onto the mounting posts 135
and thereby enable the tightening of the PCB 110 to the heat pipe/cooling fin assembly
125. In one embodiment of the present invention, the pressure plate further comprises
an open void 160 in the central bottom region thereof which provides for clearance
between the pressure plate and the light-emitting elements and other components

mounted on the PCB.

[0045] The PCB is held in place with a predetermined force 105 while the heat source
is reapplied to the second end of the heat pipes in the heat pipe/cooling fin assembly.
This predetermined force can be applied by a weighted pressure plate which fits over the
alignment posts on the coupling/decoupling apparatus. When the solder bumps melt, the
predetermined force is increased by tightening the nuts on the mounting posts to
predetermined torque, thereby ensuring a desired solder joint is achieved. The heat

source is subsequently switched off.

[0046] Cool air is then blown over the second end of the heat pipes in the heat
pipe/cooling fin assembly to accelerate the cooling process of the solder joint. During
this cooling process, the heat pipes of the heat pipe/cooling fin assembly will start to
operate in a manner which transfers excess heat away from the first end of the heat pipes

in the heat pipe/cooling fin assembly to the second end thereof.

10
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[0047] Figure 3 illustrates a coupling/decoupling apparatus according to one
embodiment of the present invention. The coupling/decoupling apparatus of Figure 3, is
similar to that illustrated in Figure 2, however the configuration of this apparatus
comprises a modification such that heat can be applied and removed with respect to the
coupling/decoupling apparatus substantially symmetrically. In this embodiment, the hot
air 180 is blown onto the heat pipe/cooling fin assembly 125 from below, in
substantially a symmetrical arrangement. The heat can therefore be applied substantially
evenly to the multiple heat pipes in the heat pipe/cooling fin apparatus, thereby
substantially minimizing temperature differences between the heat pipes during the
heating process. Since the heat pipes are all heated at effectively the same rate, the
duration of the coupling process can thereby be reduced to substantially a minimum
duration. In addition, the heat which may be transferred to the PCB 110 which may be
carrying thermally sensitive components, can be substantially minimized. The hot air
exits 175 the coupling/decoupling apparatus 115 via a symmetrical arrangement of holes
170 defined radially around the heat pipe/cooling fin assembly, which can also prevent
unnecessary heating of the components on PCB 110. As would be readily understood,
other configurations enabling essentially equal heat exposure for all of the coupling
locations of a heat pipe/cooling fin assembly can are possible. For example, the hot air
can be directed towards the heat pipe/cooling fin assembly in a radial fashion, and
exhaust can be ejected out of the bottom of the coupling/decoupling apparatus, wherein
this movement of the air is substantially in the reverse direction of that previously

defined.

EXAMPLE 2:

[0048] In another embodiment of the present invention, an coupling/decoupling
apparatus is shown in Figure 4 with a turntable 4 which can hold multiple heat
pipe/cooling fin assemblies similar to item 125 in Figures 2 and 3. In this embodiment,
four heat pipe/cooling fin assemblies can be supported in the apparatus at any one time,
however other apparatus configurations can enable more or less heat pipe/cooling fin
assemblies to be supported. The turntable 4 can be locked in each of four positions with
retractable plunger 430. The heat pipe/cooling fin assemblies are inverted in this
embodiment such that the coupling surfaces of the heat pipes are at the bottom. Each

heat pipe/cooling fin assembly is aligned with an alignment ring 425 and rests in a

11
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cradle 423. A single hot air gun 402 on mounting plate 427 provides heat from above to
one of the heat pipe/cooling fin assemblies at a time. While one heat pipe/cooling fin
assembly is being heated, two others can be cooled down using fans 407 on mounting
plate 408. During the heating stage the hot air gun 402 and shroud 424 are lowered on a
slider 426 such that the shroud 424 half covers the heat pipe/cooling fin assembly to be
heated. Hot air from the heat gun 402 passes through tube 421 which extends down into
shroud 424. The portion of the tube 421 within the shroud is perforated to allow hot air
from the gun to pass over the multiple heat pipes in the heat pipe/cooling fin assembly.
The hot air escapes from underneath the shroud to avoid unwanted heating of the PCB
110. Movement of the slider 426 is controlled with air cylinder 422, which can be
operated electronically by switch 429. A timer is included in the control system for
controlling the duration of the heating phase. Heat walls 405 divide the turntable 404

into quadrants, separating the cooling and heating regions from each other.

[0049] A plan view of this embodiment is shown in Figure 5. A heat pipe/cooling fin
assembly requiring coupling between the heat pipes and the devices is placed in position
510 of the turntable. The turntable is rotated a quarter of a turn clockwise, bringing the
heat pipe/cooling fin assembly into position 515. In this position the hot air gun and
shroud are lowered over the heat pipe/cooling fin assembly and heat is applied causing
solder between the heat pipes and the components to melt. While this heat pipe/cooling
fin assembly is being heated, another heat pipe/cooling fin assembly can be inserted into
position 510. Following the heating stage, the heat gun and shroud are raised and the
turntable rotated a further quarter turn clockwise. The heat pipe/cooling fin assembly is
brought into position 520 where the heat pipes are cooled with a fan 407. Further
rotation of the turntable will bring the heat pipe/cooling fin assembly into position 525
for continued cooling. Further rotation will bring the heat pipe/cooling fin assembly

back into its starting position 510 from where it can be removed.

[0050] It is obvious that the foregoing embodiments of the invention are examples and
can be varied in many ways. Such present or future variations are not to be regarded as
a departure from the spirit and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be included within the scope of

the following claims.

12
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WE CLAIM:

A method for coupling a device to a heat pipe, the method comprising the steps

of*

a) placing heat transformable material on a first region of the heat pipe;
b) positioning the device on the heat transformable material;
c) heating a second region of the heat pipe with a heat source, wherein the

heat pipe transfers heat from the second region of the heat pipe to the first
region of the heat pipe to transform the heat transformable material into a
deformable state; and

d) removing the heat source;

thereby enabling the heat transformable material to phase transform to a

substantially solid format thereby coupling the device to the heat pipe.

The method for coupling a device to a heat pipe according to claim 1, further

comprising the step of cooling the second end region of the heat pipe.

The method for coupling a device to a heat pipe according to claim 1, further

comprising the step of applying relative pressure between the device and the heat

pipe.

The method for coupling a device to a heat pipe according to claim 1, wherein
the heat transformable material is selected from the group comprising: solder,
thermoplastic ~ elastomer, thermal activated adhesive, epoxy, silicone

methacrylate and PMMA material.

The method for coupling a device to a heat pipe according to claim 1, wherein

the heat transformable material is indium tin solder.

The method for coupling a device to a heat pipe according to claim 1, wherein

the heat transformable material is bismuth tin solder.

The method for coupling a device to a heat pipe according to claim 1, wherein
the heat transformable material is a thermally curable adhesive or thermally

curable material.

13
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10.

11.

12.

13.

The method for coupling a device to a heat pipe according to claim 1, wherein
the device includes connections formed using a material having a melting point
temperature, wherein the heat transformable material is selected to have a heat

transformation temperature less than the melting point temperature.

The method for coupling a device to a heat pipe according to claim 1, wherein
the heat source is selected from the group comprising heated fluid bath and

heated vapour.

The method for coupling a device to a heat pipe according to claim 9, wherein

the heated fluid is a fluid selected from the group comprising water and oil.

The method for coupling a device to a heat pipe according to claim 1, wherein

the heat source is a hot air gun or iron.

A method for decoupling a device from heat pipe, said device coupled to the heat

pipe with a heat transformable material, the method comprising the steps of:

a) heating a second region of the heat pipe with a heat source, wherein the
heat pipe transfers heat to the first region of the heat pipe to transform the
heat transformable material to a deformable state;

b) decoupling the device from the heat pipe; and

c) removing the heat source.

An apparatus for coupling a device to a heat pipe, the apparatus comprising:

a) an retaining device for holding the heat pipe in a first position, the first
position providing access to a first region and a second end region of the
heat pipe, said device being coupled to the first region using a heat

transtormable material;

b) an alignment device for aligning the device relative to the first region;
and
) a heat source configured to cooperate with the retaining device and

configured to heat the second region of the heat pipe;
wherein the device is coupled to the heat pipe upon transformation of the heat

transformable material by the heat supplied by the heat source.
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14.

15.

16.

17.

18.

19.

20.

The apparatus for coupling a device to a heat pipe according to claim 13,
wherein the retaining structure is configured to retain a heat pipe assembly

comprising two or more heat pipes in the first position.

The apparatus for coupling a device to a heat pipe according to claim 14,
wherein the retaining structure includes a heat transfer chamber, wherein the heat
transfer chamber is configured to transfer heat to each of the two or more heat

pipes at substantially similar rates.

The apparatus for coupling a device to a heat pipe according to claim 15,
wherein the heat transfer chamber is configured to enable radial transfer of heat

towards the heat pipe assembly.

The apparatus for coupling a device to a heat pipe according to claim 15,
wherein the heat transfer chamber is configured enable radial extraction of heat

from the heat pipe assembly.

The apparatus for coupling a device to a heat pipe according to claim 13,
wherein the retaining structure is configured to retain a first heat pipe in the first
position and retain a second heat pipe in a second position, and further
configured to enable movement of the first heat pipe and second heat pipe

between the first position and the second position.

The apparatus for coupling a device to a heat pipe according to claim 18,

wherein the movement is a rotational movement.

The apparatus for coupling a device and a heat pipe according to claim 18,
wherein the first position is a heating position and the second position is a

cooling position.

15



WO 2008/019508

e

35

30

<:40

FIGURE 1

1/5

PCT/CA2007/001461



WO 2008/019508 PCT/CA2007/001461
/ ‘/A} 155
o [ 105
160
s 110
130
| - -
135
125 [ ] |e——— 115
N L
\L\v 4
N v =
140 'ﬁ\/ _ 145

FIGURE 2

2/5



WO 2008/019508 PCT/CA2007/001461

/ﬁ/' 105
160
I 110
130
| -
135
125 L ' e— 115
\
175 \E\/ — | 175

~
/
A\ <‘\ A

|

FIGURE 3

3/5



WO 2008/019508 PCT/CA2007/001461

402

427

426

407

’ / o

430 423 425

FIGURE 4

4/5



WO 2008/019508 PCT/CA2007/001461

520

407

— 525

FIGURE 5§

5/5



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2007/001461

A. CLASSIFICATION OF SUBJECT MATTER

IPC: B29C 65/02 (2006.01) , B23P 11/00 (2006.01) , B23P 19/00 (2006.01) , F28D 15/02 (2006.01)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: B29C 65/02 (2006.01) , B23P 11/00 (2006.01) , B23P 19/00 (2006.01) , F28D 15/02 (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Qpat, QWeb

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2006105638 A1 (SCHICK, P.) 12 October 2006 (12-

* Whole Document *

A US 6725517 B1 (POLVL, V. etal.) 27 April 2004 (27-04-

* Whole Document *

10-2006) 1-20

2004) 1-20

A US 2006150387 Al (KOBAYASHL K. etal.) 13 July 2006 (13-07-2006) 1-20

* Whole Document *

A US 2006037994 A1 (ROGERS, C.J.) 23 February 2006 (23-02-2006) 1-20

* Whole Document *

[ 1 Further documents are listed in the continuation of Box C.

[X] See patent family annex.

* Special categories of cited documents :
“A” document defining the general state of the art which is not considered
to be of particular relevance
“BE” earlier application or patent but published on or after the international
filing date
“L” document which may throw doubts on priorig claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)
document referring to an oral disclosure, use, exhibition or other means

“p” document published prior to the international filing date but later than
the priority date claime

“T” later document published after the international filing date or priority
date and not in conflict with the ap]fllic_ation but citec? to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

19 October 2007 (19-10-2007)

Date of mailing of the international search report

4 December 2007 (04-12-2007)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 001-819-953-2476

Authorized officer

Valérie Dub¢é 819- 934-4261

Form PCT/ISA/210 (second sheet ) (April 2007)

Page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/CA2007/001461
Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date
WO 2006105638 Al 12-10-2006 US2006261470 Al 23-11-2006
US 6725517 B1 27-04-2004 AT266494 T 15-05-2004
AU775369 B2 29-07-2004
AU5225500 A 30-01-2001
BG64352 Bl 30-11-2004
BG106268 A 30-08-2002
BR0O011939 A 05-03-2002
CA2377689 Al 18-01-2001
CN1163400 C 08-09-2004
DE60010730 D1 17-06-2004
DE60010730 T2 07-10-2004
EA3035 Bl 26-12-2002
EP1218137 Al 03-07-2002
ES2218169 T3 16-11-2004
FI114855 B1 14-01-2005
JP2003504209 T 04-02-2003
MXPA02000229 A 10-09-2003
PL193792 B1 30-03-2007
PT1218137 T 30-09-2004
RO121096 B1 29-12-2006
TR200200024 T2 21-05-2002
WO00103873 Al 18-01-2001
ZA200110446 A 23-08-2002
US 2006150387 Al 13-07-2006 JP2006175502 A 06-07-2006
JP2006198678 A 03-08-2006
JP2006198679 A 03-08-2006
US 2006037994 Al 23-02-2006 CN1790645 A 21-06-2006
DE102005039336 Al 20-04-2006
FR2874457 Al 24-02-2006
JP2006058000 A 02-03-2006
KR20060053104 A 19-05-2006
Form PCT/ISA/210 (patent family annex ) (April 2007) Page 3 of 3




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

