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(57) ABSTRACT 

A method of manufacturing carbon cylindrical structures, as 
represented by carbon nanotubes, by growing them on a 
substrate using a chemical vapor deposition (CVD) method, 
comprising the steps of implanting metal ions to the sub 
strate surface and then growing the carbon cylindrical struc 
tures using the metal ions as a catalyst. A method of 
manufacturing carbon nanotubes comprising a step of using 
nano-carbon material as seed material for growing carbon 
nanotubes is also disclosed. Abiopolymer detection device 
comprising vibration inducing means for inducing vibration, 
binding means capable of resonating with the vibration 
induced by the vibration inducing means and capable of 
binding or interacting with a target biopolymer, and detec 
tion means for detecting whether or not the binding means 
have bound or interacted with the target biopolymer, is also 
disclosed. 

13 



Patent Application Publication Jul. 3, 2003 Sheet 1 0f 15 US 2003/0124717 A1 

Fig.1A 3 “2 

13 13 

131111111111? Fig.1B 

15 

. _ - \\\ “L 

F lg. 1 C S \ ~ 12 

13 TA" 

Fig.1D 



Patent Application Publication Jul. 3, 2003 Sheet 2 0f 15 US 2003/0124717 A1 

21. 

\\\\' i \\ - 23 
Fig.2A “'22 

_ #;,22 

H926 W 

26 26 
A / 
’ -1\,22 

FigZD 



Patent Application Publication Jul. 3, 2003 Sheet 3 0f 15 US 2003/0124717 A1 

mhékmmsm mmzoiz zomm? 

55% AU 125: 5556 E; 
Q6 55? ?qww?mw ?ozézm m2 m . : 

E21; 12,52 5555 EH: 

5252 312355 12.52 mzmmmji mzmmmji $356 
if 



Patent Application Publication Jul. 3, 2003 Sheet 4 0f 15 US 2003/0124717 A1 

Fig.4 

9 
5 

S MASS FLOW CONTROLLER / 
H2 MFC 

CHLMFC 1 

PLASMA 
// 

NNAVEGUIDE 

/ 

BIAS SUPPLY F~ 
( O ~2OOV) 

ROTARY PUMP 



Patent Application Publication Jul. 3, 2003 Sheet 5 0f 15 US 2003/0124717 A1 

Fig.5 

CATALYST METAL 
PLASMA CARBON 
ENHANCED NANOTUBE 
CVD 

CATALYST METAL : 
POLYCRYSTALLINE 
SUBSTRATE 

GRAIN BOUNDARY 

plw ' - 

H l I I] l 



Patent Application Publication Jul. 3, 2003 Sheet 6 0f 15 US 2003/0124717 A1 

F |g.6A 
SINGLE wALL 
CARBON 
NANOTUBE 

FULLERENE A ,1 E ,1 E E E COATED WITH “CED / 
CATALYST METAL 

SUBSTRATE 

MULTI-WALL 
CARBON 
NANOTUBE 

FULLERENE B 
COATED WITH 

CATIiYST METAL 
SUBSTRATE 



Patent Application Publication Jul. 3, 2003 Sheet 7 0f 15 US 2003/0124717 A1 

43m: .5355 F53 @5520: ?éoHzmzo mzmmmjam 
mmgozé zomms 

Bi 
12.5: $53.40 1.52 @230: >?<o§mzo mzmmmja 1252 5236 E5 @532 5556 mzw?ji 



Patent Application Publication 

90 

92 

'ID 

30 

1.0 R 

\@ 60b 50 

Jul. 3, 2003 Sheet 8 0f 15 US 2003/0124717 A1 

Fig.8 

100 

3? 

60a 

/1 
80 

Li‘. 

$70 6i 



Patent Application Publication Jul. 3, 2003 Sheet 9 0f 15 US 2003/0124717 A1 

Fig.9 



Patent Application Publication Jul. 3, 2003 Sheet 10 0f 15 US 2003/0124717 A1 

Fig.10 



Patent Application Publication 

92 

9O 

Ob 

QUE‘ 

Jul. 3, 2003 Sheet 11 0f 15 US 2003/0124717 A1 

Fig.11 

20 

$0 
30~f 

LOW 

'1 00 

60a 

80 



Patent Application Publication 

90 

92 

EN 
10 

__ LU 

:‘U \\ \ 

Fig.12 

W7 
DD 50 My 60a 

Jul. 3, 2003 Sheet 12 0f 15 US 2003/0124717 A1 

82 



Patent Application Publication Jul. 3, 2003 Sheet 13 0f 15 US 2003/0124717 A1 

Fig.13 



Patent Application Publication Jul. 3, 2003 Sheet 14 0f 15 US 2003/0124717 Al 

F l g .1 4 

208 w 

206 

207 w 

M 202 
w“ W 

207D 207a % 
20l."'\-/ 

203 "w 

' P.’ 21 O 



Patent Application Publication Jul. 3, 2003 Sheet 15 0f 15 US 2003/0124717 A1 

Fig.15 

208 

207 

205 

20L 

203 

209 

210 

207D 207a 

202 



US 2003/0124717 A1 

METHOD OF MANUFACTURING CARBON 
CYLINDRICAL STRUCTURES AND BIOPOLYMER 

DETECTION DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from each of prior Japanese Patent Appli 
cations No. 2001-359661, ?led on Nov. 26, 2001, No. 
2001-387831, ?led on Dec. 20, 2001, and No. 2002-77036, 
?led on Mar. 19, 2002, the entire contents thereof being 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method of manu 
facturing carbon cylindrical structures as represented by 
carbon nanotubes and, more particularly, to a method of 
manufacturing carbon cylindrical structures using a clean 
technology that is applicable to semiconductor electronics. 

[0004] The present invention also relates to a method of 
ef?ciently manufacturing carbon nanotubes With controlled 
diameter and/or number of Walls, and to single Wall or 
multi-Wall carbon nanotubes Which are obtained by such a 
manufacturing method and Which have uniform diameter 
and/or number of Walls and thereby have uniform electrical 
properties. 
[0005] The present invention further relates to a biopoly 
mer detection device, and a biopolymer detection method, 
carbon nanotube structures used for same, and a disease 
diagnostic apparatus, Which is capable of easily and reliably 
detecting a target biopolymer contained in a sample and 
Which thereby permits diagnosis of a disease to be carried 
out ef?ciently. 

[0006] 2. Description of the Related Art 

[0007] As a neW carbon material, carbon nanotubes have 
attracted Wide attention because of their unique physical 
properties. A carbon nanotube has a cylindrical structure of 
rolled-up graphite sheet in Which hexagonal-shaped (six 
membered ring) units of carbon atoms are bound to each 
other by sp2+ bond, very strong bond betWeen carbon atoms. 
Carbon nanotubes are nano-structures formed by carbon 
atoms in a self-organiZing fashion, With the minimum diam 
eter of 0.4 nm, and the length ranging as long as several 
hundreds pm and are characteriZed by extremely small 
dimensional ?uctuation. Electrical conductivity of a carbon 
nanotube varies Widely from that of a semiconductor to that 
of a metal depending upon the chirality (the manner in Which 
the graphite sheet is rolled up). In nanotubes eXhibiting 
electrical conductivity of a metal, conduction by non-scat 
tered charge carriers (ballistic conduction) is seen. In this 
case, the resistance value becomes independent of length, 
and the so-called quantum resistance (6.5 k9) is observed. 

[0008] Possible application to various ?elds is envisaged 
for carbon nanotubes having such numerous characteristics. 
As an eXample, application to semiconductor electronics are 
being considered. 

[0009] Several methods for manufacturing carbon nano 
tubes are knoWn such as, for eXample, an arc discharge 
method, a laser ablation method, a thermal CVD method, a 
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plasma enhanced CVD method, etc. In above-mentioned arc 
discharge method and laser ablation method, obtained car 
bon nanotubes include single Wall carbon nanotubes 
(SWNT: Single Wall Nano Tube) that consists of a single 
graphite sheet, and multi-Wall carbon nanotubes (MWNT: 
Multi Wall Nano Tube) that consists of a plurality of 
graphite sheets. 

[0010] In thermal CVD methods and plasma enhanced 
CVD methods, MWNTs are produced predominantly. The 
above-mentioned SWNT has the structure in Which a single 
graphen sheet of heXagonally linked carbon atoms bound via 
a strong bond called sp2+ bond betWeen carbon atoms is 
rolled up in the form of a tube. The carbon nanotube thus 
formed may have a diameter of 0.4 nm and length as long 
as several hundreds pm. 

[0011] Regardless of the methods employed for manufac 
turing carbon nanotubes, control of chirality, control of 
diameter and control of length of the carbon nanotubes are 
problems remaining to be solved. Especially if these mate 
rials are to be applied to the ?eld of semiconductor elec 
tronics, these problems have to be solved by using a clean 
technology. 

[0012] Methods using arc discharge or laser ablation are 
not suited to mass production or to the manufacture of 
integrated circuits. In contrast, it can be said that methods 
using CVD for manufacturing carbon nanotubes may be 
applicable to semiconductor electronic device such as inte 
grated circuits. 

[0013] In CVD methods, a catalyst metal is considered to 
be necessary for groWing carbon nanotubes. It has been 
reported that the diameter of the groWn carbon nanotubes 
may be controlled by using the catalyst metal in the form of 
micro-particles and varying the siZe of the micro-particles. 
HoWever, it has been found very dif?cult to fabricate the 
micro-particles of a catalyst metal With diameter controlled 
in the range of nanometers in accordance With the diameter 
of the carbon nanotubes. Thus, an alternative method is 
currently employed in Which a catalyst metal ?lm is formed 
on the groWth substrate by sputtering or the like, and the 
surface of the metal ?lm is bombarded With a high speed ion 
beam to produce a rugged structure of nanometer siZe on the 
surface, and the produced rugged structure is used in place 
of micro-particles of the catalyst metal. It can be easily 
surmised that it is dif?cult to form the rugged structure 
uniformly on the surface of the metal ?lm so as to replace 
the micro-particles of the catalyst metal, especially When the 
diameter is small. 

[0014] Another method is also attempted in Which micro 
particles are directly deposited on the surface of the sub 
strate. In this method, coalescence of micro-particles takes 
place by collision of micro-particles With each other before 
they reach the substrate surface, or by diffusion of micro 
particles on the substrate surface, and tends to produce 
secondary particles With larger diameters, so that it is 
dif?cult to produce smaller micro-particles. 

[0015] In CVD methods, on the other hand, groWth tem 
perature of about 600 to 700° C. is usually employed. If a 
substrate having micro-particles of catalyst metal deposited 
thereon is heated to such a high temperature, the micro 
particles may move, by rotation or the like, While the carbon 
nanotubes are groWing so that it may tWist the groWing 



US 2003/0124717 A1 

nanotubes or otherwise affect the chirality. Therefore, it is 
highly probable that the nanotubes having desired charac 
teristics are extremely difficult to obtain. 

[0016] On the other hand, the above-mentioned carbon 
nanotubes are nano-structures in Which carbon atoms groW 
in self-organiZing fashion, and as such, are characteriZed by 
extremely small dimensional ?uctuation. It is also knoWn 
that the electrical conductivity of the carbon nanotubes 
varies Widely depending upon the difference of the manner 
of rolling-up of the tube (chirality) from that of a semicon 
ductor to that of a metal. It is also knoWn that, in the case of 
carbon nanotubes having the electrical conductivity of a 
metal, if there is no lattice defect, conduction of non 
scattered charge carriers (ballistic conduction) is seen, and 
resistance value is the quantum resistance (6.5 kQ) that is 
independent of length. 

[0017] HoWever, SWNTs groWn in arc discharge method 
or laser ablation method are in the form of soot and contain 
a large amount of impurities so that re?ning to high purity 
is dif?cult and selective groWth on a patterned substrate is 
impossible. On the other hand, selective groWth on a pat 
terned substrate is possible in a thermal CVD method or a 
plasma enhanced CVD method, and transition metals (for 
eXample, Ni, Co, Fe, etc.) are used in the form of a vapor 
deposition ?lm, a sputtered ?lm or ultra-?ne particles as 
catalyst metals for carbon nanotubes. 

[0018] When carbon nanotubes are groWn on such a 
catalyst metal by a thermal CVD method or a plasma 
enhanced CVD method, the diameter of the groWn nanotube 
is in?uenced by the grain boundaries, ?lm thickness, or the 
like, of the thin ?lm of the catalyst metal. Therefore, the 
diameter of the carbon nanotubes has been controlled by 
annealing of the catalyst metal to obtain ?ner particles. 
HoWever, this method for obtaining ?ner particles of a 
catalyst metal has a draWback that the diameter of the 
catalyst metal cannot be made smaller than about several 
nm. 

[0019] The Human Genome Project is a World-Wide 
project in Which various countries in the World have par 
ticipated to analyZe and determine the sequence of human 
genome (human DNA). It Was started in 1990s, and in 
summer in the year 2000, a draft version Was published 
containing complete sequencing information of human 
genome (DNA). If any part of this human genome (DNA) is 
correlated With some biological function of human body, it 
Would bring about a neW development in technology related 
to life science including disease diagnostics, disease therapy, 
etc. 

[0020] For eXample, in conventional diagnosis of diabetes, 
only a broad classi?cation into type I and type II diabetes has 
been done based on the insulin production capability of the 
patient’s body. In the case of above-mentioned diabetes, the 
disease occurs as a result of inadequate regulation of blood 
sugar due to an imbalance of the function and amount of a 
plurality of proteins interacting With each other in compli 
cated Way, such as receptors of blood sugar and enZymes 
that synthesiZe or decompose insulin in accordance With the 
value of blood sugar. In conventional diagnosis of diabetes, 
hoWever, there is a problem that the direct cause of the 
diabetes cannot be knoWn. But, the sequencing information 
of human genome (DNA) obtained by the Human Genome 
Project offers us the complete information about the genes 
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(DNA) encoding amino acid sequence of various proteins 
such as the receptors and enZymes involved in the regulation 
of the blood sugar value. Thus, by analyZing the gene (DNA) 
information, We can knoW the protein directly responsible to 
the anomalous regulation of the blood sugar value, so that, 
instead of the broad classi?cation of the diabetes into 
diabetes of type I and type II, diabetes can be classi?ed more 
speci?cally into subtypes, and more suitable diagnosis and 
therapy of the diabetes Would become thereby possible. It is 
expected that, in the near future, diagnosis and therapy of a 
disease can be carried out in more suitable manner by 
analyZing the function and amount of a plurality of proteins 
in close functional relation With each other. 

[0021] At present, no established method capable of 
quickly determining the amount of a plurality of proteins in 
close functional relation With each other, as described above, 
is knoWn eXcept for the method that combines tWo dimen 
sional electrophoresis With mass spectroscopy. HoWever, 
even With this method, there are problems that effective 
information for diagnosis and therapy of a disease cannot be 
obtained suf?ciently and measurement cannot be carried out 
quickly. 

[0022] On the other hand, as regards DNA, a DNA chip 
has been provided that is capable of quickly quantifying the 
amount of DNA in a sample. This is done by introducing in 
advance a ?uorescent labeling dye during the ampli?cation 
(increase of amount) by PCR (polymerase chain reaction) of 
the DNA to be measured, and by measuring the ?uorescent 
light intensity based on the DNA in the sample bound to the 
complementary DNA arranged in an array. HoWever, as for 
proteins, there is no ampli?cation method for proteins cor 
responding to the PCR method for DNA, and in addition, 
reactivity With a ?uorescent labeling dye is different for 
different proteins so that it is dif?cult to introduce a ?uo 
rescent labeling dye uniformly to various proteins. For these 
reasons, a chip capable of quantifying the amount of proteins 
in a sample has not been provided until noW. Therefore, it is 
desired to develop an array chip and associated technology 
capable of quickly quantifying the amount of a speci?c 
protein Without using a ?uorescent labeling dye. 

SUMMARY OF THE INVENTION 

[0023] It is an object of the present invention to provide a 
method of manufacturing carbon cylindrical structures as 
represented by carbon nanotubes using a substrate having 
deposited thereon micro-particles of a catalyst metal for 
CVD groWth of carbon cylindrical structures Without form 
ing secondary particles of larger diameter, and using a clean 
dust-free technology that is capable of being applied to a 
semiconductor electronic device. 

[0024] It is another object of the present invention to 
provide a method of manufacturing carbon nanotubes, 
Which permits carbon nanotubes With controlled diameter 
and/or controlled number of Walls to be manufactured 
ef?ciently, and to provide single Wall or multi-Wall carbon 
nanotubes obtained by the above-mentioned manufacturing 
method, and having a uniform diameter and/or a uniform 
number of Walls. 

[0025] It is a further object of the present invention to 
provide a biopolymer detection device and a biopolymer 
detection method Which is capable of easily, reliably and 
quickly detecting the amount of a plurality of target biopoly 
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mers present in a sample in close functional relation With 
each other and Which is capable of being applied to an array 
chip technology, and to provide carbon nanotube structures 
used for same, and a disease diagnosis apparatus using same. 

[0026] In accordance With a ?rst aspect of the present 
invention, there is provided a method of manufacturing 
carbon cylindrical structures using chemical vapor deposi 
tion (CVD) process to groW and manufacture the carbon 
cylindrical structures on a substrate, characteriZed in that 
metal ions are implanted to the substrate and then the carbon 
cylindrical structures are caused to groW using the metal 
ions as a catalyst. 

[0027] In accordance With a second aspect of the present 
invention, there is provided a method of manufacturing 
carbon nanotubes as described beloW. 

[0028] (1) A method of manufacturing carbon nanotubes, 
characteriZed in that nano-carbon material is used as the 
seed material for groWing carbon nanotubes. In the method 
of manufacturing carbon nanotubes as described in (1), 
nano-carbon material With uniform diameter is used as seed 
material. It is possible to efficiently manufacture carbon 
nanotubes having uniform diameter and/or uniform number 
of Walls by groWing carbon nanotubes from this seed 
material. The carbon nanotubes With uniform diameter and/ 
or uniform number of Walls have uniform electrical charac 
teristics so that they can be used in various ?elds, for 
eXample, in electronics material such as a ?eld emission type 
display, ?uorescent display lamp, etc., in energy material 
such as a fuel cell, a lithium ion battery, etc., in composite 
material such as reinforced plastic, anti-static agent, rein 
forced plastic, etc., in nano-technology material such as a 
nano-device, a probe in a scanning probe microscope, a 
DNA chip, etc. 

[0029] (2) A method of manufacturing carbon nanotubes 
according to the method (1), Wherein nano-carbon material 
is disposed on the substrate and the carbon nanotubes are 
selectively groWn in a direction generally perpendicular to 
the substrate. According to the method of manufacturing 
carbon nanotubes as described in (2), carbon nanotubes With 
uniform diameter and/or uniform number of Walls can be 
directly formed on the substrate, and need for operations 
such as re?ning can be eliminated. The carbon nanotubes 
can be formed on the substrate as aligned in a direction 
perpendicular to the substrate. Further, the carbon nanotubes 
can be formed in high density and in high precision selec 
tively at an optional position on the substrate. 

[0030] (3) A method of manufacturing carbon nanotubes 
according to the method (1) or (2), Wherein selective groWth 
is carried out by a CVD method. In the method of manu 
facturing carbon nanotubes as described in (3), the carbon 
nanotubes can be selectively groWn at an arbitrary position 
on the substrate in a direction perpendicular to the substrate. 

[0031] (4) A method of manufacturing carbon nanotubes 
according to any one of the methods (1) to (3), Wherein the 
nano-carbon material consists of a coating With a catalyst 
metal. In the method of manufacturing carbon nanotubes as 
described in (4), the nano-carbon material as seed material 
is chemically modi?ed or coated With a metal so that groWth 
of the carbon nanotubes may be carried out ef?ciently by 
catalytic action of the metal. 

[0032] (5) A method of manufacturing carbon nanotubes 
according to the method (4), Wherein the catalyst metal is at 
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least one of a transition metal and a transition metal com 
pound. In the method of manufacturing carbon nanotubes as 
described in (5), When the metal of the nano-carbon material 
that is chemically modi?ed or coated With a catalyst metal 
is a transition metal or transition metal compound, groWth of 
the carbon nanotubes may be carried out ef?ciently by 
catalytic action of the metal using the nano-carbon material 
containing the metal as seed material. 

[0033] (6) A method of manufacturing carbon nanotubes 
according to any one of the methods (1) to (5), Wherein 
diameter of the carbon nanotube is controlled by controlling 
the diameter of the nano-carbon material. In the method of 
manufacturing carbon nanotubes as described in (6), by 
controlling diameter of the nano-carbon material as seed 
material, the diameter and/or number of Walls of the carbon 
nanotubes groWn from the seed material can be controlled. 

[0034] (7) A method of manufacturing carbon nanotubes 
according to any one of the methods (1) to (6), Wherein the 
number of Walls of the multi-Wall carbon nanotubes is 
controlled by controlling the thickness of the catalyst metal 
layer of the nano-carbon material coated With the catalyst 
metal. In the method of manufacturing carbon nanotubes as 
described in (7), the nano-carbon material as seed material 
is arranged periodically on the substrate and the carbon 
nanotubes are groWn from the periodically arranged seed 
material so that the carbon nanotubes having uniform diam 
eter and/or uniform number of Walls and arranged periodi 
cally in high precision can be obtained. 

[0035] (8) A method of manufacturing carbon nanotubes 
according to any one of the methods (1) to (7), Wherein the 
nano-carbon material is fullerene. In the method of manu 
facturing carbon nanotubes as described in (8), fullerene is 
used as the nano-carbon material. As fullerene is higher in 
purity and smaller in diameter among various nano-carbon 
materials, it is suited to the manufacture of carbon nanotubes 
of uniform diameter and/or uniform number of Walls. 

[0036] (9) Carbon nanotubes obtained by any one of the 
manufacturing methods (1) to (8), characteriZed in that the 
carbon nanotubes have single Wall structure. The single Wall 
carbon nanotubes, as described in (9), are uniform in diam 
eter, and hence uniform in electrical characteristics. 

[0037] (10) Carbon nanotubes obtained by any one of the 
manufacturing methods (1) to (8), characteriZed in that the 
carbon nanotubes have multi-Wall structure. The multi-Wall 
carbon nanotubes as described in (10), are uniform in 
diameter and/or number of Walls, and hence uniform in 
electrical characteristics. 

[0038] On the other hand, a biopolymer detection device 
according to the present invention is as described beloW. 

[0039] (a) A biopolymer detection device comprising 
vibration inducing means for inducing vibration, binding 
means capable of resonating With the vibration induced by 
the vibration inducing means and capable of binding or 
interacting With target biopolymers, and detection means for 
detecting Whether or not the binding means binds or interact 
With the target biopolymers. 

[0040] In the biopolymer detection device as described in 
(a), the vibration inducing means induce vibration. The 
binding means resonate With the vibration induced by the 
vibration inducing means. The binding means are capable of 



US 2003/0124717 A1 

binding or interacting With a target biopolymer, so that, if the 
target biopolymer is contained in a sample, the binding 
means bind or interact With the target biopolymer. Content 
of the target biopolymer can be quickly quanti?ed by the 
detection means that detect Whether or not the binding 
means bind or interact With the target biopolymer. 

[0041] (b) Abiopolymer detection device according to (a), 
Wherein the vibration inducing means comprise a base 
electrode provided at one end of the binding means, a 
vibration inducing electrode disposed near the binding 
means, and an alternating current (AC) poWer source con 
nected conductively to the base electrode and the vibration 
inducing electrode and capable of applying an AC voltage. 

[0042] In the biopolymer detection device as described in 
(b), the base electrode is provided at one end of the binding 
means and the vibration inducing electrode is disposed near 
the binding means With the tWo electrodes not connected in 
complete electrical conduction With each other, so that, 
When the AC poWer source applies an AC voltage, an AC 
electric ?eld is produced betWeen the binding means and the 
vibration inducing electrode and the binding means thereby 
vibrate due to its electrical conduction in accordance With 
the frequency of applied AC voltage. 

[0043] (c) Abiopolymer detection device according to (a) 
or (b), Wherein a pieZoelectric element is used as the 
vibration inducing means. In the biopolymer detection 
device according to (c), When the pieZoelectric element is 
driven, the binding means resonate With the vibration 
induced by the pieZoelectric element. 

[0044] (d) Abiopolymer detection device according to any 
one of (a) to (c), Wherein the binding means comprise a 
responding part capable of resonating With the vibration 
applied by the vibration inducing means, and a binding part 
capable of binding and/or interacting With the target 
biopolymer. In the biopolymer detection device according to 
(d), the responding part resonates With the vibration induced 
by the vibration inducing means. When the target biopoly 
mer is contained in the sample, the binding part binds or 
interacts With the target biopolymer. 

[0045] (e) Abiopolymer detection device according to (d) 
above, Wherein the responding part is a carbon nanotube. In 
the biopolymer detection device according to (e), the carbon 
nanotube resonates With the vibration induced by the vibra 
tion inducing means. 

[0046] Abiopolymer detection device according to any 
one of (c) to (e), Wherein the binding means comprise a 
binding part bound to the tip of the carbon nanotube manu 
factured by reacting and binding the material Which forms 
binding part With dangling bond at the tip of the carbon 
nanotube produced by processing the carbon nanotube. In 
the biopolymer detection device according to (f), the carbon 
nanotube resonates With the vibration induced by the vibra 
tion inducing means. The binding part that is bound to the tip 
of the carbon nanotube by reacting the material Which forms 
the binding part With the dangling bond produced by pro 
cessing under oxygen plasma atmosphere, binds or interacts 
With the target biopolymer When the target biopolymer is 
contained in the sample 

[0047] (g) Abiopolymer detection device according to any 
one of (d) to (f), Wherein the binding part is selected as at 
least one of substances, antibodies and fragments of anti 
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bodies capable of binding or interacting With the target 
biopolymer under physiological conditions. In the biopoly 
mer detection device according to (g), the binding part is 
capable of speci?cally binding or interacting With a target 
biopolymer so that a speci?c target biopolymer can be 
quickly quanti?ed. 
[0048] A biopolymer detection method according to the 
present invention is a biopolymer detection method com 
prising the steps of a vibration inducing step of inducing 
vibration in binding means capable of binding or interacting 
With a target biopolymer, and a detection step of detecting 
the change of vibration in the binding means When the 
binding means are bound With the target biopolymer. 

[0049] In this biopolymer detection method, vibration is 
induced in the binding means in the vibration inducing step. 
The binding means are capable of binding or interacting 
With a target biopolymer so that, When the target biopolymer 
is contained in the sample, the binding means bind or 
interact With the target biopolymer. In the detection step, it 
is detected Whether or not the binding means bind or interact 
With the target polymer. As a result, the amount of the target 
biopolymer is quickly quanti?ed. 

[0050] A carbon nanotube structure according to the 
present invention is a carbon nanotube structure comprising 
a binding part capable of binding or interacting With a target 
biopolymer at the tip of the carbon nanotube, and manufac 
tured by reacting and binding the material Which forms the 
binding part With dangling bond at the tip of the carbon 
nanotube produced by processing the carbon nanotube. This 
carbon nanotube can be advantageously used for above 
mentioned biopolymer detection device, in above-men 
tioned biopolymer detection method, etc. 

[0051] A disease diagnosis apparatus according to the 
present invention is a disease diagnosis apparatus compris 
ing the biopolymer detection device according to any one of 
(1) to (7) above. Since this disease diagnosis apparatus 
comprises the above-mentioned biopolymer detection 
device, the content of a protein responsible for a disease in 
a sample as the above-mentioned target biopolymer can be 
quanti?ed in a short time and the disease can be thereby 
diagnosed easily and speci?cally. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIGS. 1A to ID are vieWs useful for explaining a 
method of manufacturing carbon cylindrical structures 
according to a ?rst aspect of the present invention; 

[0053] FIGS. 2A to 2D are vieWs useful for explaining a 
method of manufacturing carbon cylindrical structures 
according to a second aspect of the present invention; 

[0054] FIG. 3 is a schematic explanatory vieW shoWing an 
example of the method of manufacturing carbon nanotubes 
step by step according to example 3; 

[0055] FIG. 4 is a schematic vieW shoWing an example of 
the plasma enhanced CVD apparatus used in example 3; 

[0056] FIG. 5 is a schematic explanatory vieW shoWing a 
conventional method of manufacturing carbon nanotubes 
according to comparative example 1; 

[0057] FIGS. 6A and 6B are a schematic explanatory 
vieW shoWing a method of manufacturing carbon nanotubes 
according to example 4; 




























