
(19) United States 
US 20160372238A1 

(12) Patent Application Publication (10) Pub. No.: US 2016/0372238 A1 
ZHANG et al. (43) Pub. Date: Dec. 22, 2016 

(54) HEAT-DISSIPATIONSTRUCTURE AND 
ELECTRONIC DEVICE USING THE SAME 

(71) Applicants: Tsinghua University, Beijing (CN); 
HON HAI PRECISION INDUSTRY 
CO., LTD., New Taipei (TW) 

(72) Inventors: Ling ZHANG, Beijing (CN); 
Chang-Hong LIU. Beijing (CN); 
Shou-Shan FAN, Beijing (CN) 

(21) Appl. No.: 15/252,730 

(22) Filed: Aug. 31, 2016 

Related U.S. Application Data 
(63) Continuation of application No. 13/589.742, filed on 

Aug. 20, 2012. 

(30) Foreign Application Priority Data 

Dec. 21, 2011 (CN) ......................... 2O1110432708.0 

86 
/N/ 

Publication Classification 

(51) Int. Cl. 
HOB II/8 (2006.01) 
HOIB 7/42 (2006.01) 
F28F 2L/02 (2006.01) 
HOIL 23/373 (2006.01) 

(52) U.S. Cl. 
CPC ....... H01B II/1895 (2013.01); HOIL 23/3737 

(2013.01); H0IB 7/428 (2013.01); F28F 
21/02 (2013.01); HOIL 23/3736 (2013.01) 

(57) ABSTRACT 

A heat-dissipation structure includes a first carbon nanotube 
layer and a thermal interface material layer. The first carbon 
nanotube layer and the thermal interface material layer are 
stacked on each other. The first carbon nanotube layer 
includes at least one first carbon nanotube paper, and the 
density of the first carbon nanotube paper ranges from about 
0.3 g/cm to about 1.4 g/cm. An electronic device applying 
the heat-dissipation structure is also disclosed. 
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HEAT DISSIPATION STRUCTURE AND 
ELECTRONIC DEVICE USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 13/589,742, filed on Aug. 
20, 2012, entitled, “HEAT-DISSIPATION STRUCTURE 
AND ELECTRONIC DEVICE USING THE SAME, 
which claims all benefits accruing under 35 U.S.C. S 119 
from Chinese Patent Application No. 201110432708.0, filed 
on Dec. 21, 2011, in the China Intellectual Property Office. 
This application is also related to applications entitled, 
METHOD FOR MAKING CARBON NANOTUBE 

PAPER'', filed on Aug. 20, 2012, with application Ser. No. 
13/589,755 (Atty. Docket No. US43082) and “HEAT-DIS 
SIPATION STRUCTURE AND ELECTRONIC DEVICE 
USING THE SAME, filed on Aug. 20, 2012, with appli 
cation Ser. No. 13/589,733 (Atty. Docket No. US43080). 
The disclosures of the above-identified applications are 
incorporated herein by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. The present disclosure relates to heat-dissipation 
structures and electronic devices using the same and, more 
particularly, to a heat-dissipation structure employing car 
bon nanotube paper and an electronic device using the same. 
0004 2. Description of Related Art 
0005. As high power chips (such as CPU and DRAM) 
used in electronic and microelectronic devices are becoming 
increasingly dense and compact, there is a need for Smaller 
and more efficient heat-dissipation structure due to the 
excessive on-chip heat generation. Take Intel Core i7 860 
processor as example, whose thermal design power is 95W. 
and its power density is higher than 30 W/cm. In compari 
son, a 60 W light bulb's power density is about 0.5 W/cm. 
Such power density leads to highly localized heating of 
chips in areas known as "hot spots.” As the power density of 
chips increases, the number of “hot spots” on the surface of 
chips increases accordingly. Cooling chips are necessary to 
prevent degradation of the electronic and microelectronic 
devices and achieve the best possible device performance. 
0006. Some related art uses a heat-dissipation channel as 
the heat-dissipation solution, which includes heat-dissipa 
tion material film, thermal silicon grease, heat-dissipation 
material pipe and fan. The heat-dissipation material used in 
said heat-dissipation channel is mainly metal. Such as copper 
and aluminum. However, using metal as heat-dissipation 
material in electronic devices has some disadvantages Such 
as high material density and complicated manufacturing 
process. 

0007. Other related art has shown to use heat-dissipation 
material film as the heat-dissipation solution. The heat 
dissipation material may be graphite-containing composites. 
However, using graphite-containing composites as heat 
dissipation material in Smart phone has drawbacks such as 
low thermal conductivity and uneven heat-dissipation. 
0008 What is needed, therefore, is to provide a heat 
dissipation structure which has better heat-dissipation prop 
erties, and Suitable for application in Smaller and lighter 
electronic devices. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0009. Many aspects of the present disclosure can be 
better understood with reference to the following drawings. 
The components in the drawings are not necessarily to scale, 
the emphasis instead being placed upon clearly illustrating 
the principles of the present embodiments. 
0010 FIG. 1 is a schematic diagram of a heat-dissipation 
structure according to one embodiment. 
0011 FIG. 2 is a schematic diagram of a first carbon 
nanotube layer having directional heat-dissipation function 
in the heat-dissipation structure of FIG. 1, in one embodi 
ment. 

0012 FIG. 3 is a schematic diagram of a first carbon 
nanotube layer having nondirectional heat-dissipation func 
tion in the heat-dissipation structure of FIG. 1, in another 
embodiment. 
0013 FIG. 4 is a graph showing a relationship between 
thermal conductivity along the axial direction of majority of 
the carbon nanotubes of a first carbon nanotube paper in the 
first carbon nanotube layer in FIG. 2, and density of the first 
carbon nanotube paper. 
0014 FIG. 5 is a graph showing a relationship between 
thermal conductivity along the radial direction of majority of 
the carbon nanotubes of a first carbon nanotube paper in the 
first carbon nanotube layer in FIG. 2, and density of the first 
carbon nanotube paper. 
0015 FIG. 6 is a graph showing a relationship between 
Young’s modulus along both the axial and radial directions 
of majority of the carbon nanotubes of a first carbon nano 
tube paper in the first carbon nanotube layer in FIG. 2, and 
density of the first carbon nanotube paper. 
0016 FIG. 7 is a schematic diagram of a heat-dissipation 
structure according to another embodiment. 
0017 FIG. 8 is a schematic diagram of a heat-dissipation 
structure according to another embodiment. 
0018 FIG. 9 is a schematic diagram of a heat-dissipation 
structure according to another embodiment. 
0019 FIG. 10 is a schematic diagram of a heat-dissipa 
tion structure according to another embodiment. 
0020 FIG. 11 is a schematic diagram of a heat-dissipa 
tion structure according to another embodiment. 
0021 FIG. 12 is a schematic diagram of an electronic 
device having the heat-dissipation structure of FIG. 1 or 
FIG. 7. 

0022 FIG. 13 is a schematic diagram of an electronic 
device having the heat-dissipation structure of FIG. 8 or 
FIG 9 or FIG 10 or FIG 11. 

0023 FIG. 14 is a schematic diagram of cross-section of 
a thermal-conducting structure in the electronic device of 
FIG. 13. 
0024 FIG. 15 is a scanning electron microscope image of 
a first carbon nanotube paper in the first carbon nanotube 
layer in FIG. 2 or FIG. 3. 

DETAILED DESCRIPTION 

0025. The disclosure is illustrated by way of example and 
not by way of limitation in the figures of the accompanying 
drawings in which like references indicate similar elements. 
It should be noted that references to “another,” “an,” or 
“one' embodiment in this disclosure are not necessarily to 
the same embodiment, and Such references mean at least 
OC. 
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0026. A heat-dissipation structure 10 according to one 
embodiment is shown in FIG. 1. The heat-dissipation struc 
ture 10 includes a first carbon nanotube layer 14. The first 
carbon nanotube layer 14 has a first Surface 142 and a second 
Surface 144 opposing the first Surface 142. 
0027. Referring to FIG. 2 and FIG. 3, two different 
structures of the first carbon nanotube layer 14 are illus 
trated. The first carbon nanotube layer 14 includes one or a 
plurality of first carbon nanotube papers 146. The first 
carbon nanotube paper 146 includes a plurality of carbon 
nanotubes 148. Adjacent carbon nanotubes 148 are joined 
end to end by van der Waals attractive force therebetween 
along a longitudinal direction of the carbon nanotubes 148. 
The plurality of carbon nanotubes 148 is arranged along a 
direction substantially parallel to the first surface 142 of the 
first carbon nanotube layer 14 in the first carbon nanotube 
paper 146. Thus, the first carbon nanotube paper 146 is an 
oriented carbon nanotube paper. The orientation of the first 
carbon nanotube paper 146 is along the axial direction of 
majority of the carbon nanotubes 148 of the first carbon 
nanotube paper 146. When the first carbon nanotube layer 14 
includes a plurality of first carbon nanotube papers 146 
stacked together closely, the orientations of the plurality of 
first carbon nanotube papers 146 can be same or different. 
Define C. as an angle between the orientations of each two 
stacked first carbon nanotube papers 146 and 0°sos 90°. 
0028. The density of the first carbon nanotube paper 146 
can range from about 0.3 g/cm to about 1.4 g/cm. In one 
embodiment, the density of the first carbon nanotube paper 
146 ranges from about 0.8 g/cm to about 1.4 g/cm. In 
another embodiment, the density of the first carbon nanotube 
paper 146 ranges from about 1.2 g/cm to about 1.3 g/cm. 
The thickness of the first carbon nanotube paper 146 can 
range from about 30 microns to about 120 microns, which 
can be selected according to the predetermined density. 
0029. The mechanical property, electrical property, as 
well as the thermal property of the carbon nanotubes 148 are 
all anisotropic due to its high aspect ratio. Take thermal 
property as example, the thermal conductivity along the 
axial direction of majority of the carbon nanotubes 148 is 
much higher than the thermal conductivity along the radial 
direction of majority of the carbon nanotubes 148. Similarly, 
the Young's modulus along the axial direction of majority of 
the carbon nanotubes 148 is much higher than the Young's 
modulus along radial direction of majority of the carbon 
nanotubes 148. 
0030) Referring to FIG. 4 and FIG. 5, a relationship 
between thermal conductivity and density of the first carbon 
nanotube paper 146 is illustrated. It can be seen that the 
thermal conductivity along the axial direction of majority of 
the carbon nanotubes 148 is more than two times higher than 
the thermal conductivity along the radial direction of major 
ity of the carbon nanotubes 148, under a same density of the 
first carbon nanotube paper 146. The tendency of the thermal 
conductivity in FIG. 4 and the tendency of the thermal 
conductivity in FIG. 5 are similar. In FIG. 4, along the axial 
direction of majority of the carbon nanotubes 148, the 
highest thermal conductivity is about 800 W/mK while the 
density is about 1.3 g/cm. In FIG. 5, along the radial 
direction of majority of the carbon nanotubes 148, the 
highest thermal conductivity is about 400 W/mK while the 
density is about 1.25 g/cm. In comparison, the thermal 
conductivity of copper is 397 W/mK, and the thermal 
conductivity of aluminum is 237 W/mK. 
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0031 Referring to FIG. 6, a relationship between 
Young's modulus and density of the first carbon nanotube 
paper 146 is illustrated. When the density of the first carbon 
nanotube paper 146 is relatively low (about 0.4 g/cm), the 
Young's modulus along the axial direction of majority of the 
carbon nanotubes 148 and the Young's modulus along the 
radial direction of majority of the carbon nanotubes 148 are 
both about 200 MPa. As the density of the first carbon 
nanotube paper 146 increases, both the Young's modulus 
along the axial direction of majority of the carbon nanotubes 
148 and the Young's modulus along the radial direction of 
majority of the carbon nanotubes 148 increase gradually. 
The Young's modulus along the axial direction of majority 
of the carbon nanotubes 148 increases faster than the 
Young's modulus along the radial direction of majority of 
the carbon nanotubes 148. The highest Young's modulus 
along the axial of majority of the carbon nanotubes 148 is 
about 2400 MPa and the highest Young's modulus along 
radial direction of majority of the carbon nanotubes 148 is 
about 1200 MPa, while the density of the first carbon 
nanotube paper 146 is about 1.2 g/cm. In one embodiment, 
the Young's modulus along the axial of majority of the 
carbon nanotubes 148 in the first carbon nanotube paper 146 
ranges from about 800 MPa to about 2400 MPa. 
0032. When the orientations of the plurality of stacked 

first carbon nanotube papers 146 in the first carbon nanotube 
layer 14 are same, the first carbon nanotube layer 14 have a 
directional heat-dissipation and heat-conducting function 
along the axial of majority of the carbon nanotubes 148. 
When the orientations of the plurality of stacked first carbon 
nanotube papers 146 are different, the first carbon nanotube 
layer 14 have a nondirectional heat-dissipation and heat 
conducting function. 
0033. The first carbon nanotube paper 146 in one 
embodiment can be made by a method including: 

0034 (S1), providing a first roller and a second roller, 
wherein each roller has an axis, the first roller and the 
second roller are separately configured, the axis of the 
first roller and the axis of the second roller are parallel 
to each other; 

0035 (S2), providing at least one first carbon nanotube 
array and at least one second carbon nanotube array; 

0036 (S3), forming at least one first carbon nanotube 
film structure by drawing a plurality of carbon nanotubes 
from the at least one first carbon nanotube array and forming 
at least one second carbon nanotube film structure by 
drawing a plurality of carbon nanotubes from the at least one 
second carbon nanotube array; 
0037 (S4), winding the at least one first carbon nanotube 
film structure to the first roller and winding the at least one 
second carbon nanotube film structure to the second roller; 
and 

0038 (S5), pressing the at least one first carbon nanotube 
film structure and the at least one second carbon nanotube 
film structure with each other, and forming two first carbon 
nanotube papers 146, one on the first roller and the other on 
the second roller. 

0039. The thermal contact resistance between the first 
carbon nanotube paper 146 and heat source will be very low 
due to the smooth surface of the first carbon nanotube paper 
146. Additionally, the first carbon nanotube paper 146 is 
flexible and can be directly pasted to the surface of the heat 
source without adhesives. 
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0040. Referring to FIG. 7, a heat-dissipation structure 20 
according to another embodiment is shown. The heat-dissi 
pation structure 20 includes a thermal interface material 
layer 12 and a first carbon nanotube layer 14. The thermal 
interface material layer 12 and the first carbon nanotube 
layer 14 are stacked together. The thermal interface material 
layer 12 contacts a heat source while the heat-dissipation 
structure 20 works. 
0041. The function of the thermal interface material layer 
12 is to transfer heat from the heat source to the first carbon 
nanotube layer 14. The thermal interface material layer 12 
can be a thermal silicon grease layer, a thermal silicone 
layer, a thermal glue layer, a thermal conductive tape or a 
carbon nanotube array. The thermal interface material layer 
12 can also be a composite layer which includes a carbon 
nanotube array and thermal silicon grease located between 
the gaps of the carbon nanotubes in the carbon nanotube 
array. The carbon nanotubes in the carbon nanotube array 
are arranged along a direction parallel to the first Surface 142 
of the first carbon nanotube layer 14. In one embodiment, the 
thermal interface material layer 12 is a double-sided thermal 
conductive tape. When the heat-dissipation structure 20 is to 
be used, one side of the double-sided thermal conductive 
tape is fixed to the first surface 142 of the first carbon 
nanotube layer 14 and another side of the double-sided 
thermal conductive tape is fixed to the surface of the heat 
Source. Thus, the heat-dissipation structure 20 can be con 
veniently applied in electronic devices. 
0042. The thickness of the thermal interface material 
layer 12 can be determined by the types of the thermal 
interface material. In one embodiment, the thickness of the 
thermal interface material layer 12 ranges from about 1 
micron to about 300 microns. If the thermal interface 
material layer 12 includes a carbon nanotube array, the 
thickness can range from about 50 microns to about 150 
microns. 
0043 Referring to FIG. 8, a heat-dissipation structure 30 
according to another embodiment is shown. The heat-dissi 
pation structure 30 includes a metal mesh layer 16 and a first 
carbon nanotube layer 14. The metal mesh layer 16 and the 
first carbon nanotube layer 14 are stacked together. 
0044) The metal mesh layer 16 has a bottom surface 162 
and a top surface 164 opposite to the bottom surface 162. 
The metal mesh layer 16 includes a plurality of crossed 
metal wires 166 to form a grid. The metal mesh layer 16 can 
be made by weaving a plurality of metal wires 166, or by 
screen printing, spraying, pattern coating, etc. The line 
density of the metal mesh layer 16 can range from 5 lines per 
centimeter to 20 lines per centimeter. The diameter of the 
metal wire 166 can range from about 10 microns to about 50 
microns. The metal wire 166 should be highly thermal 
conductive and Supportive, Such as copper and aluminum. 
The thickness of the metal mesh layer 16 can range from 
about 10 microns to about 100 microns. 
0045. The major function of the metal mesh layer 16 in 
the heat-dissipation structure 30 is to fix and support the first 
carbon nanotube layer 14. While disassembling and replac 
ing the heat-dissipation structure 30, the metal mesh layer 16 
can protect the first carbon nanotube layer 14 from damage. 
0046. The grid in the metal mesh layer 16 can be filled 
with thermal silicon grease. The grid can also be filled with 
a composite composed of a carbon nanotube array and 
thermal silicon grease located between the gaps of the 
carbon nanotubes in the carbon nanotube array. 
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0047. In application, the first surface 142 of the first 
carbon nanotube layer 14 can be in contact with the metal 
mesh layer 16, and the second surface 144 of the first carbon 
nanotube layer 14 can be in contact with at least one heat 
SOUC. 

0048 Referring to FIG. 9, a heat-dissipation structure 40 
according to another embodiment is shown. The heat-dissi 
pation structure 40 includes a thermal interface material 
layer 12, a first carbon nanotube layer 14 and a metal mesh 
layer 16. The thermal interface material layer 12, first carbon 
nanotube layer 14 and metal mesh layer 16 are stacked 
together in series. Thus, the first carbon nanotube layer 14 is 
located between the thermal interface material layer 12 and 
the metal mesh layer 16. 
0049 Referring to FIG. 10, a heat-dissipation structure 
50 according to another embodiment is shown. The heat 
dissipation structure 50 includes a thermal interface material 
layer 12, a first carbon nanotube layer 14, a metal mesh layer 
16, and a second carbon nanotube layer 18. The thermal 
interface material layer 12, first carbon nanotube layer 14, 
metal mesh layer 16, and second carbon nanotube layer 18 
are stacked together in series. 
0050. The second carbon nanotube layer 18 includes one 
or a plurality of second carbon nanotube papers. If the 
second carbon nanotube layer 18 includes a plurality of 
second carbon nanotube papers, the plurality of second 
carbon nanotube papers are stacked on each other closely. 
The orientations of the plurality of second carbon nanotube 
papers can be same or different. Define C. as an angle 
between the orientations of each two stacked second carbon 
nanotube papers and 0°sCs 90°. 
0051. The second carbon nanotube paper includes a plu 
rality of carbon nanotubes 148. Adjacent carbon nanotubes 
148 are joined end to end by van der Waals attractive force 
therebetween along a longitudinal direction of the carbon 
nanotubes 148. The plurality of carbon nanotubes 148 in the 
second carbon nanotube paper is arranged along a direction 
substantially parallel to the surface of the second carbon 
nanotube layer 18. Thus, the second carbon nanotube paper 
is an oriented carbon nanotube paper. 
0052. In application, the structures of the second carbon 
nanotube layer 18 and the first carbon nanotube layer 14 can 
be same or different. 
0053. When the orientations of the plurality of first 
carbon nanotube papers 146 in the first carbon nanotube 
layer 14 and the orientations of the plurality of second 
carbon nanotube papers in the second carbon nanotube layer 
18 are the same, the heat-dissipation structure 50 has a 
directional heat-dissipation and heat-conducting function 
along the axial direction of majority of the carbon nanotubes 
148 in the first carbon nanotube paper 146. 
0054 The first function of the second carbon nanotube 
layer 18 is to improve the heat-dissipation property and 
mechanical property of the heat-dissipation structure 50. 
The second function of the second carbon nanotube layer 18 
is to coat the metal mesh layer 16, thus strengthens the 
Supporting function of the metal mesh layer 16. 
0055 To further improve the supporting and the heat 
conducting effects of the metal mesh layer 16, the metal 
mesh layer 16 can be filled with thermal silicon grease or a 
carbon nanotube array. The metal mesh layer 16 can also be 
filled with a composite comprising a carbon nanotube array 
and thermal silicon grease located between the gaps of the 
carbon nanotubes in the carbon nanotube array. The carbon 
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nanotubes in the carbon nanotube array Substantially per 
pendicular to the first surface 142 of the first carbon nano 
tube layer 14 and can directly contact with the first carbon 
nanotube layer 14 and the second carbon nanotube layer 18 
simultaneously. While conducting heat from the first carbon 
nanotube layer 14 to the second carbon nanotube layer 18, 
the heat can conduct very fast along the axial of the carbon 
nanotubes in the carbon nanotube array. 
0056 Referring to FIG. 11, a heat-dissipation structure 60 
according to another embodiment is shown. The heat-dissi 
pation structure 60 includes a thermal interface material 
layer 12, a metal mesh layer 16, and a first carbon nanotube 
layer 14. The thermal interface material layer 12, metal mesh 
layer 16 and first carbon nanotube layer 14 are stacked 
together in series. Thus, the metal mesh layer 16 is located 
between the thermal interface material layer 12 and the first 
carbon nanotube layer 14. 
0057 Referring to FIG. 12, an electronic device 70 
having the heat-dissipation structure 10 or 20 according to 
one embodiment is shown. The electronic device 70 can be 
smartphones, tablet PCs or other handheld devices. In one 
embodiment, the electronic device 70 includes a heat-dissi 
pation structure 10, a CPU 72 and a memory chip 74. The 
heat-dissipation structure 10 contacts with the CPU 72 and 
the memory chip 74. While working, the heat generated by 
the CPU 72 and the memory chip 74 is firstly transferred to 
the first carbon nanotube layer 14 of the heat-dissipation 
structure 10 and then evenly dissipated to the whole body of 
the electronic device 70. 

0058. In another embodiment, the electronic device 70 
includes a heat-dissipation structure 20, a CPU 72, and a 
memory chip 74. The heat-dissipation structure 20 contacts 
the CPU 72 and the memory chip 74. While working, the 
heat generated by the CPU 72 and the memory chip 74 is 
firstly conducted to the thermal interface material layer 12 of 
the heat-dissipation structure 20, then conducted to the first 
carbon nanotube layer 14 of the heat-dissipation structure 
20, and finally dissipated to the whole body of the electronic 
device 70 evenly. 
0059 Referring to FIG. 13, an electronic device 80 
having the heat-dissipation structure 30, 40, 50 or 60 accord 
ing to one embodiment is shown. The electronic device 80 
can be notebook PCs or desktop PCs. The electronic device 
80 includes a heat-dissipation structure 30, 40, 50 or 60, a 
CPU 82, a memory chip 84, a heat-conducting structure 86. 
and a fan 88. The heat-dissipation structure 30, 40, 50, or 60 
contacts the CPU 82 and the memory chip 84. The heat 
conducting structure 86 has a first end 862 and a second end 
864 opposing the first end 862. The first end 862 is con 
nected with the heat-dissipation structure 30, 40, 50, or 60 
while the second end 864 is connected with the fan 88. 
0060. During operation, the heat generated by the CPU 
82 or memory chip 84 is firstly transferred to the heat 
dissipation structure 30. The heat absorbed by the heat 
dissipation structure 30 is then transferred to the fan 88 via 
the heat-conducting structure 86. The fan 88 dissipates the 
heat out of the electronic device 80. 
0061 Referring to FIG. 14, a cross-section of the heat 
conducting structure 86 in FIG. 13 is illustrated. The heat 
conducting structure 86 is a coaxial cable which includes a 
metal core 866 and a third carbon nanotube layer 868 coated 
on the metal core 866. The metal core 866 can be made of 
copper, aluminum, copper alloys or aluminum alloys. The 
third carbon nanotube layer 868 is formed by rolling a third 
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carbon nanotube paper, or by rolling a plurality of Stacked 
third carbon nanotube papers. The third carbon nanotube 
paper includes a plurality of carbon nanotubes 148. Adjacent 
carbon nanotubes 148 are joined end to end by van der Waals 
attractive force therebetween along a longitudinal direction 
of the carbon nanotubes 148. The plurality of carbon nano 
tubes 148 in the third carbon nanotube paper is arranged 
along a direction substantially parallel to the surface of the 
third carbon nanotube layer. Thus, the third carbon nanotube 
paper is an oriented carbon nanotube paper. The axial 
direction of the heat-conducting structure 86 is same as the 
axial direction of majority of the carbon nanotubes 148 in 
the third carbon nanotube paper. Therefore, the heat-con 
ducting structure 86 has a directional heat-conducting func 
tion along its axial direction. 
0062 Referring to FIG. 15, a SEM image of the first 
carbon nanotube paper 146 used in the heat-dissipation 
structures 10, 20, 30, 40, 50 and 60 is shown. 
0063. The heat-dissipation structure in current disclosure 
has advantages as follows: (a) the heat-dissipation structure 
is lightweight compared with metal-based heat-dissipation 
structures due to the low density of the carbon nanotube; (b) 
the heat-dissipation structure has improved heat-dissipation 
property compared with metal-based heat-dissipation struc 
tures due to the high thermal conductivity of the first carbon 
nanotube paper; (c) the heat-dissipation structure is Small 
sized and flexible, which is suitable to be used in various 
complex situation; (d) the heat-dissipation structure can be 
conveniently fixed to random surfaces of the heat source by 
thermal glue or thermal conductive tape; (e) the heat 
dissipation structure has directional heat-dissipation and 
heat-conducting functions, which can significantly improve 
the heat-dissipation effect of the heat-dissipation structure. 
0064. It is to be understood that the above-described 
embodiment is intended to illustrate rather than limit the 
disclosure. Variations may be made to the embodiment 
without departing from the spirit of the disclosure as 
claimed. The above-described embodiments are intended to 
illustrate the scope of the disclosure and not restricted to the 
Scope of the disclosure. 
0065. It is also to be understood that the above descrip 
tion and the claims drawn to a method may include some 
indication in reference to certain steps. However, the indi 
cation used is only to be viewed for identification purposes 
and not as a suggestion as to an order for the steps. 

What is claimed is: 

1. A heat-dissipation structure comprising: 
a carbon nanotube layer comprising a carbon nanotube 

paper comprising a plurality of carbon nanotubes, the 
plurality of carbon nanotubes are parallel to each other, 
and a density of the carbon nanotube paper ranges from 
about 0.3 g/cm to about 1.4 g/cm. 

2. The heat-dissipation structure as claimed in claim 1, 
wherein the carbon nanotube paper is attached to a heat 
SOUC. 

3. The heat-dissipation structure as claimed in claim 1, 
further comprising a metal mesh layer, and the metal mesh 
layer and the carbon nanotube layer are stacked together. 

4. The heat-dissipation structure as claimed in claim 1, 
wherein the plurality of carbon nanotubes are joined end to 
end by van der Waals attractive force. 
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5. The heat-dissipation structure as claimed in claim 1, 
wherein an extending direction of the plurality of carbon 
nanotubes is parallel to a top Surface of the carbon nanotube 
layer. 

6. The heat-dissipation structure as claimed in claim 1, 
wherein the carbon nanotube layer comprises a plurality of 
carbon nanotube papers stacked to each other. 

7. The heat-dissipation structure as claimed in claim 1, 
wherein the density of the carbon nanotube paper ranges 
from 1.2 g/cm to about 1.3 g/cm. 

8. The heat-dissipation structure as claimed in claim 1, 
wherein a thickness of the carbon nanotube paper ranges 
from about 30 microns to about 120 microns. 

9. The heat-dissipation structure as claimed in claim 1, 
wherein a Young's modulus of the carbon nanotube paper 
ranges from about 200 MPa to about 2400 MPa. 

10. The heat-dissipation structure as claimed in claim 1, 
wherein a Young's modulus of the carbon nanotube paper 
ranges from about 800 MPa to about 2400 MPa. 

11. The heat-dissipation structure as claimed in claim 1, 
further comprising a thermal interface material layer located 
on the carbon nanotube layer. 

12. The heat-dissipation structure as claimed in claim 11, 
wherein the thermal interface material layer comprises a 
material selected from the group consisting of thermal 
silicon grease layer, thermal silicone layer, thermal glue 
layer, thermal conductive tape and carbon nanotube array. 

13. The heat-dissipation structure as claimed in claim 11, 
wherein the thermal interface material layer is a composite 
layer comprising thermal silicon grease and a carbon nano 
tube array comprising a plurality of gaps, and the thermal 
silicon grease is located in the plurality of gaps. 
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14. A heat-dissipation structure comprising: 
a metal core; and 
a plurality of carbon nanotube papers located on the metal 

core, wherein each of the plurality of carbon nanotube 
papers comprises a plurality of carbon nanotubes 
extending along an axial direction of the metal core, 
and a density of each of the plurality of carbon nano 
tube papers ranges from about 0.3 g/cm to about 1.4 
g/cm. 

15. The heat-dissipation structure as claimed in claim 14, 
wherein the heat-dissipation structure is a coaxial cable 
having a first end connected to a fan and a second end 
connected to a heat source. 

16. The heat-dissipation structure as claimed in claim 14, 
wherein the plurality of carbon nanotubes are joined end to 
end by van der Waals attractive force. 

17. The heat-dissipation structure as claimed in claim 14, 
wherein the plurality of carbon nanotubes are parallel to 
each other. 

18. The heat-dissipation structure as claimed in claim 17, 
wherein the density of each of the plurality of carbon 
nanotube papers ranges from 1.2 g/cm to about 1.3 g/cm. 

19. The heat-dissipation structure as claimed in claim 14, 
wherein the plurality of carbon nanotube papers are stacked 
to each other. 

20. The heat-dissipation structure as claimed in claim 14, 
wherein a Young's modulus of each of the plurality of 
carbon nanotube papers ranges from about 200 MPa to about 
2400 MPa. 


