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(57) ABSTRACT 

An isotropic thermal conducting material are arranged in a 
heat dissipating device to create directional adiabatic heat 
transfer. In one embodiment, a preferential heat conduction is 
provided between a heat source and an absorption layer, an 
absorption layer and a cooling Substance, and a cooling Sub 
stance and a dissipation layer. Structures are further provided 
to create adiabatic channeling between an absorption and a 
dissipation. 
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Figure 1 a 
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| Figure 1b 

Figure 1c 
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HEAT TRANSFER DEVICE WITH 
ANISOTROPICTHERMAL CONDUCTING 

MCRO STRUCTURES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority of U.S. Pro 
visional Patent Application No. 61/300.442 filed on Feb. 1, 
2010, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a heat transfer 
device useful for removing the heat generated from a heat 
Source. The present invention provides structures comprising 
anisotropic thermal conducting Substance in a heat transfer 
device, thereby directing the heat away from the heat source 
at high efficiency. 
0004 2. Description of the Prior Art 
0005. A typical heat transfer devices such as the heat sink 
for the cooling of an electronic device comprise metal struc 
ture for directing the heat from a heat source to a larger 
distributed area for dissipation. The heat conducting materi 
als are typically isotropic that direct heat in all directions 
according to the temperature gradient. In Such devices and 
structures, the heat transfer is limited by the temperature 
gradient according to the thermal distribution of the isotropic 
thermal material. In a heat transfer device comprising a heat 
pipe, a cooling Substance and an associated structure for 
directing the cooling Substance are provided. Multiple phases 
with phase transitions of the cooling Substance combined 
with capillary action provide a directed heat transfer, thereby 
improving the heat removal and the efficiency to direct the 
heat to a longer distance away from the heat source. In Such 
devices, the coexistence of two phases and the channeling of 
the cooling Substance creates a temperature distribution that 
does not follow the isotropic temperature gradient, and the 
heat transfer efficiency may exceed the isotropic thermal 
conduction. However, various boundaries and interfaces, the 
interaction between the container and the cooling Substance 
are still limited by the isotropic thermal conduction. Such 
limitation is a major obstacle in improving the heat transfer 
efficiency. 
0006. As the technology drives to continue scaling down 
in size and Scaling up in capacity, the advanced CPU, high 
speed mobile transmitters, CPV, high power or high density 
LEDs, are operating at a power density exceeding 100 
W/cm2. In some applications, a thermal management to 
handle a power density exceeding 300 W/cm2 is in critical 
need. The temperature is becoming a critical limiting factor 
for the electronic device to continue to scale down in size or 
scale up in capacity. The present invention provides structures 
and methods to improve the efficiency and rate of heat trans 
fer applicable for the cooling of a heat source. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a thermal transfer 
device having anisotropic thermal conducting Substance dis 
posed at various face to enhance the directional heat transfer 
and provide a high heat exchange efficiency. 
0008. An object of the present invention is a thermal trans 
fer device having anisotropic thermal conducting Substance 
along the surfaces of both sides of a heat absorption layer. On 
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one side, the Surface is in contact with a cooling Substance. On 
the other side, the Surface is made to contact a heat Source. 
0009. The present invention further provides structures 
comprising anisotropic heat conducting Substance on both 
sides of the heat absorption layer. 

BRIEF DESCRIPTION OF THE DRAWING 

0010 FIG.1a is schematic diagram of a preferred embodi 
ment of the present invention. 
0011 FIG.1b is schematic diagram of a preferred embodi 
ment of the present invention. 
0012 FIG.1c is schematic diagram of a preferred embodi 
ment of the present invention. 
0013 FIG. 2 is a schematic diagram of a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0014. A micro structure in this description refers to a 
structure having features on the order of a micrometer or 
Smaller. Similarly, a nano structure comprises features on the 
order of a nano meter or Smaller. An example of a micro 
structure is micro pores. A nano tube is an example for a nano 
structure, and is also a micro structure. 
0015. An anisotropic heat (or thermal) conducting sub 
stance provides a higher thermal conductance in one direc 
tion, hereinafter referred to as the longitudinal direction, than 
in at least a direction perpendicular to Such direction. The 
direction of higher thermal conductance of an anisotropic 
thermal substance is herein referred to as the longitudinal 
direction, and the directions perpendicular to a longitudinal 
direction is hereinafter referred to as transversal directions. 
An anisotropic thermal conducting Substance may possess a 
single longitudinal direction, Such as in carbon nanotubes 
where the longitudinal direction is along the tube, or multiple 
longitudinal directions, such as in graphite where the direc 
tion of higher thermal conductance may be any direction 
along the graphite plane. 
0016. The present invention is herein described in detail in 
reference to the drawings. 
(0017 FIGS. 1a to 1c illustrate a preferred embodiment of 
the present invention, wherein 100 is a heat transfer device 
comprising an absorption section 110 and a dissipation sec 
tion 120, wherein the absorption section comprises an absorp 
tion layer 101 having a first face 102 and a second face 103 on 
opposite sides of said absorption layer 101; wherein said first 
face is made for contacting aheat source 150. The dissipation 
section 120 is to be maintained in contact with a temperature 
lower than the heat source so that the heat is removed from the 
dissipation section. The first face 102 is so prepared that aheat 
source 150 of which the heat is to be removed by the device 
100 may be attached to the surface of 102, either directly or 
with an intermediate structure or layer between 150 and 102. 
(0018. The heat transfer device 100 provides a means 105 
for directing a cooling Substance to or away from said absorp 
tion layer, and to directed said cooling Substance to or away 
from the dissipation 120; as illustrated in FIG. 1, the open 
space 105 provides a path for the cooling substance to move 
from the absorption section 110 to the dissipation section 120. 
Since the absorption section 110 continues to absorb heat 
from the heat source 150, a distribution and pressure differ 
ence is maintained between the absorption section 110 and 
the dissipation section 120, providing a driving force to move 
the cooling substance away from the absorption section 110. 



US 2011/0186267 A1 

0019. In FIG. 1, 106 is a structure comprising an anisotro 
pic thermal conducting Substance. The anisotropic thermal 
conducting Substance provides a Substantially higher thermal 
conductance in one direction (the longitudinal direction) than 
at least a transversal direction. Structure 106 is placed along 
the surface of second face 103 of the heat absorption layer 
101, and is in contact with the second face 103. A preferred 
embodiment of the anisotropic thermal conducting Substance 
comprises microstructures such as graphite and carbon nano 
structures, or a combination of the micro and nano structures. 
A preferred embodiment for the structure 106 comprises a 
layer of the anisotropic thermal conducting Substance. The 
layer may be fabricated by directly depositing onto the sur 
face of the face 103, or by attaching a preformed film or slab 
onto the surface of 103. Another preferred embodiment of 
structure 106 comprises a plurality of leaves or blades, 
wherein each leave or blade comprises a composite of the 
anisotropic thermal Substance. 
0020. The anisotropic thermal conducting substance pro 
vides a Substantially higher thermal conductance in one direc 
tion (the longitudinal direction) than at least one of the trans 
versal directions. In carbon nano tubes, the thermal 
conductance alone the tube is Substantially higher than all the 
transversal directions. In graphite, the thermal conductance is 
Substantially higher along the graphite plane. In such embodi 
ment comprising graphite, the longitudinal direction may be 
a selected direction parallel to the graphite plane, and the 
thermal conduction is lower in the direction perpendicular to 
the graphite plane. 
0021. In a preferred embodiment, the micro or nano struc 

tures, such as graphite or carbon nanotubes, are preferentially 
arranged to be substantially perpendicular to the Surface of 
the second face 103. 

0022. A preferred embodiment of the anisotropic thermal 
conducting Substance comprises one of the group of graphite, 
carbon nano tube, graphene, charcoal layer, charcoal sheet, 
similar tubular or layered, or sheet of carbon structures, or 
aforementioned substance containing partial Substitutes for 
carbon. 
0023 The anisotropic thermal conducting substance may 
have one direction of higher thermal conductance as in carbon 
nanotubes. In Such case, a structure arranged to having the 
longitudinal direction Substantially perpendicular to the Sur 
face of contact is represented by 106 in both FIGS. 1a and 1b. 
Where the anisotropic thermal substance has more than one 
direction of higher thermal conductance, such as in graphite 
where the thermal conductance is higher along the graphite 
plane, FIGS. 1b and 1c represent a preferred embodiment of 
the structure 106, wherein the graphite plane is arranged 
parallel to the direction of the path connecting the absorption 
section and the dissipation section. 
0024. The directional thermal conduction resulted from 
the design of the anisotropic thermal conduction structure at 
the internal wall of the heat transfer device enhances the 
adiabatic transfer of the cooling substance back to the heat 
absorption region and toward the dissipation region, thereby 
enhancing the cooling and dissipation efficiency. 
0025 FIG. 2 illustrates another preferred embodiment of 
the present invention wherein a structure 212 comprising an 
anisotropic thermal conducting Substance is placed along the 
first face 102 of the heat absorption layer 101. The anisotropic 
thermal Substance provides a thermal conductance Substan 
tially higher in one direction (longitudinal) than in at least a 
transversal direction. In a preferred embodiment, the aniso 
tropic thermal conducting Substance in the structure 212 is 
arranged in a manner that the longitudinal direction with 
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Substantially higher thermal conductance is Substantially per 
pendicular to the surface of said first face 102. 
0026. Another embodiment of the present invention pro 
vides structure or layer in contact with at least one of the two 
faces 102 and 103 of the absorption layer, wherein the struc 
ture or layer contains carbon nano-structures or graphite. 
0027. The structure or layer comprising anisotropic ther 
mal conducting Substance may be formed directly onto the 
surface of the faces 102 and 103. The method of formation 
includes gas or liquid phase chemical deposition, such as 
CVD, electrolytic coating, and MOCVD. In one embodiment 
of the direct formation embodiments, the section of the layer 
forming the absorption or dissipation section, or the entire 
absorption or dissipation section is placed in a chemical 
ambient for direct deposition to the designated Surfaces. 
Examples of direct deposition to the designated Surface 
include the deposition of carbon nano tubes in MOCVD. 
0028. In another embodiment, the anisotropic thermal 
substance is provided in a layer of pre-form, wherein the 
pre-form is attached to the surface where needed to provide a 
highly directional thermal conduction or insulation which 
ever is preferred. 
0029. In one preferred embodiment, the structure com 
prising an anisotropic thermal conduction Substance is a layer 
of high carbon-containing Substance such as graphite and 
carbon nanotubes. It is conceivable that the present invention 
applies to similar structures and Substance wherein some of 
the carbon atoms are replaced by other elements such as 
metals. 
0030. Another embodiment of the present invention pro 
vides a heat transfer device comprising a heat absorption 
layer wherein both sides of such layers comprise a plurality of 
micro or nano-structure attached thereto; said micro or nano 
structure having a dimension Substantially greater in one 
direction (longitudinal) than in a transversal direction, and 
wherein the thermal conductance is substantially higher 
along the longitudinal direction than a transversal direction. 
0031. A preferred embodiment of the heat transfer device 
according to the previous paragraph provides an arrangement 
wherein the longitudinal direction is Substantially perpen 
dicular to the surface of the absorption layer or dissipation 
layer. 
0032. Another preferred embodiment provides a heat 
transfer device according to above description wherein the 
micro or nano-structure comprises a composite containing 
more than fifty percent of carbon. The carbon-containing 
Substance may have part of the carbons replaced by Substi 
tutes such as metallic atoms. 
0033 Although various embodiments utilizing the prin 
ciples of the present invention have been shown and described 
in detail, it is perceivable those skilled in the art can readily 
devise many other variances, modifications, and extensions 
that still incorporate the principles disclosed in the present 
invention. The scope of the present invention embraces all 
Such variances, and shall not be construed as limited by the 
number of elements, specific arrangement of groups as to 
rows and column, and specific circuit embodiment to achieve 
the architecture and functional definition of the present inven 
tion. 

What is claimed is: 
1. A heat transfer device comprising 
an absorption section comprising an absorption layer hav 

ing a first face and a second face on opposite sides of said 
absorption layer; wherein said first face is made for 
contacting a heat Source; 

a dissipation section for removing heat from said device; 
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a means for directing a cooling Substance to or away from 
said absorption layer; and a means to move said cooling 
Substance to or away from said dissipation section; 

wherein for both said first face and second face, a layer or 
a structure comprising an anisotropic thermal conduct 
ing Substance is placed on or in close contact to the 
surfaces thereof; 

wherein said anisotropic thermal conducting Substance has 
athermal conductance Substantially higher in one direc 
tion (the longitudinal direction) than in a direction per 
pendicular to said longitudinal direction. 

2. The device according to claim 1 wherein said structure 
comprising an anisotropic heat conducting Substance com 
prises a plurality of micro or nano structures. 

3. The device according to claim 1 wherein said anisotropic 
thermal conducting Substance is arranged preferentially to 
have the longitudinal direction of higher thermal conductance 
Substantially perpendicular to the Surface of said second face. 

4. The device according to claim 1 wherein said anisotropic 
heat conducting Substance provides a thermal conductance 
Substantially higher in one direction (longitudinal) than the 
transversal directions. 

5. The device according to claim 1 wherein said anisotropic 
thermal conducting Substance comprises one of the group of 
graphite, carbon nano tube, graphene, charcoal layer, char 
coal sheet, similar tubular or layered structures, or sheet of 
carbon structures, or similar structures containing metal Sub 
stitutes for carbon. 

6. The device according to claim 1 wherein said anisotropic 
thermal conducting Substance is arranged in a manner that the 
longitudinal direction of the second anisotropic Substance is 
substantially perpendicular to the surface of said first face. 

7. A heat transfer device comprising: 
an absorption section comprising an absorption layer hav 

ing a first face and a second face on opposite sides of said 
absorption layer; wherein said first face is made for 
contacting a heat Source, and said second face is made 
for contacting a cooling Substance; 

a dissipation section for removing heat from said device; 
a means for directing a cooling Substance between said 

absorption section and said dissipation section; 
wherein a structure or a layer, comprising an anisotropic 

heat conducting Substance, is placed on or in close con 
tact with said first face; 

wherein said anisotropic thermal conducting Substance has 
athermal conductance Substantially higher in one direc 
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tion (the longitudinal direction) than in a direction per 
pendicular to said longitudinal direction. 

8. The device according to claim 7 wherein said structure or 
layer, comprising an anisotropic heat conducting Substance, 
comprises a plurality of micro or nano structures. 

9. The device according to claim 7 wherein said anisotropic 
thermal conducting Substance is arranged preferentially to 
have the longitudinal direction of higher thermal conductance 
substantially perpendicular to the surface of said first face. 

10. A heat transfer device comprising: 
aheat absorption layer having a first face and a second face 

on opposite sides of the layer; wherein said first face is 
made for contacting a heat source; 

a means for directing a cooling Substance to or away from 
said second face; 

wherein for both said first face and second face, a layer or 
a structure comprising an anisotropic thermal conduct 
ing Substance is placed on or in close contact to the 
surfaces thereof. 

11. The heat transfer device according to claim 10 wherein 
said first face comprises a structure comprising carbon-con 
taining Substance having more than 50% carbon content. 

12. The device according to claim 10 wherein said carbon 
nanostructures are formed directly on the surface of said first 
and second faces in a gas-phase or liquid-phase chemical 
deposition. 

13. A heat transfer device comprising: 
aheat absorption layer having a first face and a second face 

on opposite sides of the layer; wherein said first face is 
made for contacting a heat source: 

a means for directing a cooling Substance to or away from 
said second face; 

wherein for both said first face and second face, a layer or 
a structure comprising an anisotropic thermal conduct 
ing Substance is placed on or in close contact to the 
surfaces thereof. 

14. The device according to claim 13 wherein both said first 
and second faces comprise anisotropic thermal conducting 
substance formed directly onto the surface of the faces in a 
gas-phase or liquid-phase chemical deposition process. 

15. The device according to claim 13 wherein said aniso 
tropic thermal conducting Substance comprises a plurality of 
micro or nano structures having Substantially greater dimen 
sion in one direction (the longitudinal direction) than one of 
the transversal directions. 

c c c c c 


