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(57) ABSTRACT 

Semiconductor carbon nanotubes functionaliZed by hydro 
gen and a method for fabricating the same, Wherein the 
functional hydrogenated semiconductor carbon nanotubes 
have chemical bonds betWeen carbon and hydrogen atoms. 
The semiconductor carbon nanotube fabricating method 
includes heating carbon nanotubes in a vacuum, dissociating 
hydrogen molecules in hydrogen gas into hydrogen atoms, 
and exposing the carbon nanotubes to the hydrogen gas to 
form chemical bonds betWeen carbon atoms of the carbon 
nanotubes and the hydrogen atoms. The conversion of 
metallic carbon nanotubes into semiconductor nanotubes 
and of semiconductor nanotubes having a relatively narroW 
energy bandgap into semiconductor nanotubes having a 
relative Wide energy bandgap can be achieved using the 
method. The functional hydrogenated semiconductor carbon 
nanotubes may be applied and used in, for example, elec 
tronic devices, optoelectronic devices, and energy storage. 
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SEMICONDUCTOR CARBON NANOTUBES 
FABRICATED BY HYDROGEN 

FUNCTIONALIZATION AND METHOD FOR 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
carbon nanotubes functionaliZed by hydrogen, and more 
particularly, to a method for fabricating the same. 

[0003] 2. Description of the Related Art 

[0004] Carbon nanotubes are cylindrical or tubular forms 
of carbon having diameters ranging from a feW to tens of 
nanometers and lengths of tens of micrometers. 

[0005] FIG. 1 illustrates the con?guration of a conven 
tional carbon nanotube. Carbon nanotubes may be thought 
of as being formed by rolling up sheets of graphite (a 
hexagonal lattice of carbon) into cylinders. The unique 
properties of carbon tubes are determined by the length, 
con?guration and diameter of the carbon tubes as deter 
mined by the angle at Which a sheet of graphite being rolled 
is tWisted, i.e., chirality, and the diameter of the carbon 
nanotubes at the initial stage of rolling. 

[0006] Referring to FIG. 1, vector Ch from an arbitrary 
start point A to an end point A‘, Which meet When the sheet 
is rolled up, is shoWn. If it is assumed that A has coordinates 

(0, 0) and A‘ has coordinates (n, m), then vector Ch can be 
expressed With unit vectors Z1 and 32 as in equation (1) 
beloW. 

[0007] The diameter dt of the carbon nanotube can be 
calculated using equation (2) beloW. 

[0008] Carbon nanotubes feature very high aspect ratios of 
1,000 or greater and have the electrical properties of a metal 
or of a semiconductor depending on their diameters and 
con?gurations. Metallic carbon nanotubes are knoWn to 
have high electrical conductance. 

[0009] FIG. 2A illustrates a special type of a carbon 
nantotube in ZigZag form, Which is obtained When m=0. 
FIG. 2B illustrates a carbon nanotube having an armchair 
con?guration, Which is obtained When n=m. 

[0010] Most carbon nanotubes have chiral con?gurations 
spirally arranged along arbitrary tubular axes. Carbon nano 
tubes formed from a single sheet of graphite rolled up into 
a cylinder are called “single Wall nanotubes” (SWNT), and 
carbon nanotubes formed from multiple sheets of graphite 
rolled up into cylinders inside other cylinders are called 
“multi-Wall nanotubes” (MWNT). 

[0011] Conventionally, carbon nanotubes are manufac 
tured using arc discharging, laser ablation, chemical vapor 
deposition (CVD), and like processes. Such conventional 
techniques, hoWever, cannot control chirality, and lead to a 
mixture of metallic and semiconductor carbon nanotube 

Nov. 6, 2003 

particles, Which cannot be used to manufacture metallic 
nanotransistors. In addition, transistors manufactured from 
semiconductor carbon nanotubes do not Work at an ambient 
temperature due to the small energy bandgap of the semi 
conductor carbon nanotubes. 

[0012] To overcome such draWbacks, a method has been 
developed for converting metallic carbon nanotubes into 
semiconductor carbon nanotubes by separating outer Walls 
of MWNTs to reduce the diameter of the carbon nanotubes. 
HoWever, this method involves placing the metallic carbon 
nanotubes in contact With an electrode and applying a high 
current to them, Which renders the overall process to be 
complex. In addition, the method can be applied neither 
directly to transistors nor to SWNTs having no extra Wall to 
be separated out. 

[0013] Another conventional method for converting semi 
conductor carbon nanotubes into metallic carbon nanotubes 
by the addition of alkali metal has been suggested. HoWever, 
this method cannot be applied to convert metallic carbon 
nanotubes into semiconductor carbon nanotubes nor to con 
vert narroW bandgap semiconductor carbon nanotubes into 
large bandgap semiconductor carbon nanotubes. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a semiconductor 
carbon nanotube that is fabricated by hydrogen functional 
iZation. 

[0015] The present invention also provides a method for 
converting a metallic carbon nanotube into a semiconductor 
carbon nanotube, and for converting a narroW energy band 
gap semiconductor carbon nanotube into a Wide energy 
bandgap semiconductor carbon nanotube. 

[0016] According to a feature of a preferred embodiment 
of the present invention, there is provided a semiconductor 
carbon nanotube having chemical bonds betWeen carbon and 
hydrogen atoms. It is preferred that the chemical bonds 
betWeen carbon and hydrogen atoms are sp3 hybrid bonds. 

[0017] According to another feature of another preferred 
embodiment of the present invention, there is provided a 
method for fabricating a semiconductor carbon nanotube, 
the method comprising heating a carbon nanotube in a 
vacuum, dissociating hydrogen molecules in hydrogen gas 
into hydrogen atoms, and exposing the carbon nanotube to 
the hydrogen atoms in the hydrogen gas to form chemical 
bonds betWeen carbon atoms of the carbon nanotube and 
hydrogen atoms. 

[0018] In accordance With an aspect of the present inven 
tion, heating of the carbon nanotube in a vacuum may be 
performed at a temperature of 100° C. or greater for 2 hours 
or longer. 

[0019] In accordance With another aspect of the present 
invention, dissociation of hydrogen molecules into hydrogen 
atoms may be performed by heating the hydrogen molecules 
at a temperature of 1500° C. or greater. The dissociation of 
the hydrogen molecules into the hydrogen atoms may be 
accomplished by applying an RF or DC bias voltage or using 
arc discharging. 

[0020] According to another feature of an embodiment of 
the present invention, When forming the chemical bonds 
betWeen the carbon atoms and hydrogen atoms, the energy 
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bandgap of the carbon nanotube may be controlled by 
varying the length of time the carbon nanotube is exposed to 
the hydrogen gas containing hydrogen atoms. Alternatively, 
the energy bandgap of the carbon nanotube may be con 
trolled by varying the level of pressure under Which the 
carbon nanotube is exposed to the hydrogen gas containing 
hydrogen atoms. The chemical bonds betWeen the carbon 
and hydrogen atoms in the carbon nanotube fabricated 
according to an embodiment of the present inventive method 
may be sp3 hybrid bonds. 

[0021] According to the present invention, metallic carbon 
nanotubes can be converted into semiconductor carbon 
nanotubes, and narroW energy bandgap semiconductor car 
bon nanotubes can be converted into Wide energy bandgap 
semiconductor carbon nanotubes by hydrogenation. The 
functional hydrogenated semiconductor carbon nanotubes 
have a Wide range of applications, including use in elec 
tronic devices such as transistors, electro-optic devices, 
energy storage devices, and other electronic devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above and other features and advantages of the 
present invention Will become more apparent to those of 
ordinary skill in the art by describing in detail preferred 
embodiments thereof With reference to the attached draW 
ings in Which: 

[0023] FIG. 1 illustrates a con?guration of a conventional 
carbon nanotube; 

[0024] FIG. 2A illustrates a ZigZag con?guration of a 
carbon nanotube; 

[0025] FIG. 2B illustrates an armchair con?guration of a 
carbon nanotube; 

[0026] FIG. 3 illustrates a functional hydrogenated carbon 
nanotube according to an embodiment of the present inven 
tion; 
[0027] FIG. 4 illustrates the con?guration of an intermo 
lecular junction device manufactured using tWo kinds of 
carbon nanotubes, according to an embodiment of the 
present invention; 

[0028] FIG. 5 illustrates a sectional vieW of a ?eld emitter 
device using functional hydrogenated carbon nanotubes 
according to an embodiment of the present invention; 

[0029] FIG. 6 illustrates a perspective vieW of a nan 
otransistor using functional hydrogenated carbon nanotubes 
according to an embodiment of the present invention; 

[0030] FIG. 7 illustrates a ?oWchart shoWing a method for 
manufacturing functional hydrogenated carbon nanotubes 
according to an embodiment of the present invention; 

[0031] FIG. 8 illustrates an apparatus for carbon nanotube 
hydrogenation applied in the manufacture of functional 
hydrogenated carbon nanotubes, according to an embodi 
ment of the present invention; 

[0032] FIG. 9A is a scanning electron microscopic (SEM) 
photograph shoWing the hydrogenation of carbon nanotubes 
to form hydrogenated semiconductor carbon nanotubes 
according to the present invention; 

[0033] FIG. 9B-1 is a graph of current versus voltage for 
metallic carbon nanotubes (MS) and semiconductor carbon 
nanotubes (SS) at 288K after hydrogenation; 
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[0034] FIG. 9B-2 is a graph of current versus voltage for 
the MS and SS before hydrogenation; 

[0035] FIG. 9C-1 is a graph plotting a curve for MC 
shoWing differential conductance (dl/dV) at 4.2K With 
respect to source-drain voltage after hydrogenation; 

[0036] FIG. 9C-2 is a graph plotting a curve for the MC 
shoWing differential conductance (dl/dV) at 7.6K With 
respect to source-drain voltage before hydrogenation; 

[0037] FIG. 9D-1 is a graph plotting a curve for SS 
shoWing differential conductance at 4.2K With respect to 
source-drain voltage after hydrogenation; 

[0038] FIG. 9D-2 is a graph plotting a curve for the SS 
shoWing differential conductance (dl/dV) at 6.5K With 
respect to source-drain voltage before hydrogenation; 

[0039] FIGS. 10A through 10D illustrate the conversion 
of MS into SS by hydrogenation according to the present 
invention, and in particular, FIG. 10A shoWs the con?gu 
ration of an MS, FIG. 10B shoWs the con?guration of an SS, 
FIG. 10C shoWs the energy band of the MS shoWn in FIG. 
10A, and FIG. 10D shoWs the energy band of the SS shoWn 
in FIG. 10B; 

[0040] FIGS. 11A through 11D illustrate the conversion 
of SS having a narroW energy bandgap into SS having a 
Wide energy bandgap by hydrogenation according to the 
present invention, and in particular, FIG. 11A shoWs the 
con?guration of one SS, FIG. 11B shoWs the con?guration 
of another SS, FIG. 11C shoWs the energy level of the SS 
shoWn in FIG. 11A having a narroW energy bandgap, and 
FIG. 11D shoWs the energy level of the SS shoWn in FIG. 
11B having a relatively Wide energy bandgap. 

[0041] FIG. 12A illustrates a con?guration of a heteroge 
neous junction betWeen an MS and a functional hydroge 
nated SS, according to an embodiment of the present inven 
tion; 

[0042] FIG. 12B is a diagram shoWing the height and 
energy bandgap of a M-S Schottky junction barrier betWeen 
the MS and the SS shoWn FIG. 12A; 

[0043] FIG. 13A illustrates a con?guration of a heteroge 
neous junction betWeen a general SS and a functional 
hydrogenated SS, according to an embodiment of the 
present invention; 

[0044] FIG. 13B is a diagram shoWing the height and 
energy bandgap of an S-S Schottky junction barrier betWeen 
the tWo SSs shoWn in FIG. 13A; 

[0045] FIG. 14A is a graph plotting a curve of current 
versus voltage for metallic and semiconductor carbon nano 
tubes having a narroW bandgap before hydrogenation; 

[0046] FIG. 14B-1 is a graph plotting a curve of current 
versus voltage for metallic and semiconductor carbon nano 
tubes having a narroW bandgap after hydrogenation; 

[0047] FIG. 14B-2 is an enlarged graph of a portion of the 
graph of FIG. 14B-1 in Which VSd varies from —0.5V to 
+0.5V; 
[0048] FIGS. 15A and 15B are graphs plotting a curve of 
current versus voltage for ?eld effect transistors (FETs) 
using non-hydrogenated and hydrogenated SSs, respec 
tively, according to an embodiment of the present invention; 










