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Method for growing vertically oriented single-walled carbon nanotubes with 

the same electronic properties and for  

reproducing single-walled carbon nanotubes with the same  

electronic properties 

  

 

 

 

The present invention relates to a method for growing vertically oriented 

single-walled carbon nanotubes having the same electronic properties and for 

reproducing single-walled carbon nanotubes having the same electronic 

properties. 

 

Carbon nanotubes are promising candidates for future technical applications 

due to their special properties. Carbon nanotubes can thus be metallic or 

semiconductive in dependence on their diameter and their helicity and/or 

their chirality. Manufacturing methods from the prior art, however, result in a 

mixture of carbon nanotubes of different types, that is multi-walled, single-

walled metallic and semiconductive carbon nanotubes that subsequently have 

to be laboriously separated from one another. It is thus not yet possible to 

directly fix the diameter and the chirality of the manufactured carbon 

nanotubes during the manufacture. 

 

Single-walled carbon nanotubes have previously been obtained by arc 

discharge, laser ablation and catalyst-assisted decomposition of hydrocarbons 

by chemical vapor deposition (CVD). It is, however, common to these methods 

that a control of the electronic properties or of the diameter and of the 

chirality cannot be carried out during a manufacturing process. 

 

It is therefore the underlying object of the present invention to develop a 

method of reproducing carbon nanotubes and to develop corresponding 

carbon nanotubes with which the named disadvantages can be avoided, that 

is, with which carbon nanotubes having the same electronic properties can be 

manufactured. 

 

This object is achieved in accordance with the invention by a method in 
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accordance with claim 1 and by a carrier having carbon nanotubes arranged 

thereon in accordance with claim 15 and by a carrier having carbon nanotubes 

arranged thereon in accordance with claim 16. Advantageous embodiments 

and further developments are described in the dependent claims. 

 

A method of reproducing at least one single-walled carbon nanotube or a 

plurality of single-walled carbon nanotubes having the same electronic 

properties comprises a plurality of steps. First, a dispersion of a liquid and the 

at least one single-walled carbon nanotube or the plurality of single-walled 

carbon nanotubes that have the same electronic properties is prepared. 

Fragments of the at least one single-walled carbon nanotube or of the 

plurality of single-walled nanotubes are formed by an energy input into the 

dispersion, that is these carbon nanotubes are fragmented. The produced 

fragments are applied from the dispersion onto a surface of a carrier and 

serve as a start layer for the reproduction after the application. At the same 

time as this, that is during the application from the dispersion, in particular as 

long as the dispersion is in its liquid phase and has not yet dried, the 

fragments on the surface are oriented such that the surface is intersected by a 

longitudinal axis of the fragments and the fragments are not oriented in 

parallel in a plane with respect to the carrier or more precisely with the 

named surface of the carrier. The carrier with the fragments applied and 

oriented thereon is subsequently introduced into an apparatus for chemical 

vapor deposition. Single-walled carbon nanotubes having the same electronic 

properties are grown by chemical vapor deposition in the apparatus for 

chemical vapor deposition, starting from the fragments serving as a start 

layer, in a gas atmosphere containing carbon in that the fragments are 

extended. 

 

Carbon nanotubes having defined, preset properties can be produced by the 

described method and a subsequent sorting is dispensed with. Since a 

homogeneous plurality of carbon nanotubes are already used and since they 

are reproduced, carbon nanotubes having the same electronic properties, and 

preferably having the same optical properties, are produced. The one single-

walled carbon nanotube or the plurality of single-walled carbon nanotubes 

that is/are used as the starting material for the method can in this respect be 

both metallic and semiconductive. Due to the orientation on the surface, the 
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carbon nanotube can be simply extended in one direction without obstructing 

one another so that single-walled carbon nanotubes that are ideally arranged 

vertically to the surface and in parallel with one another form on the carrier 

and a high packing density of carbon nanotubes per unit of area results. Since 

this orientation on the surface takes place simultaneously with the 

application, the method can be carried out more efficiently and a density of 

the arrangement of carbon nanotubes on the substrate is increased. The 

longitudinal axis of one of the fragments should in this respect designate the 

axis about which the respective fragment of the carbon nanotubes is 

rotationally symmetrically arranged. The method additionally has the 

advantage that typically no catalysts are used as in conventional 

manufacturing methods and the carbon nanotubes are thus present in 

particularly pure form; however, provision can naturally also be made to use 

catalysts in the chemical vapor deposition. The longitudinal axes of the carbon 

nanotubes are typically at an angle different from 0° with respect to a plane 

disposed in parallel with the surface of the carrier after the carrying out of the 

method. 

 

The carbon nanotubes with which the method can be started can also only 

comprise a specific percentage, typically 80%, preferably 90%, and particularly 

preferably 99%, of single-walled nanotubes having the same electronic 

properties, that is, being metallic or semiconductive and/or having the same 

respective diameter and/or the same respective chirality. It is better to carry 

out the method at a higher proportion of carbon nanotubes having the same 

properties; however a small portion of carbon nanotubes having at least one 

differing property can be tolerated. The carbon nanotubes having the same 

properties that serves as the starting material of the method have typically 

been manufactured using methods known from the prior art and have been 

sorted with respect to their properties by known separation processes, e.g. 

ultracentrifugation, chromatography or by processes based on gels or 

polymers. 

 

Provision can be made that the fragments are formed in the dispersion by an 

introduction of ultrasound. Ultrasound provides a reliable division or cutting 

or breaking open of the carbon nanotubes into individual fractions or 

fragments. The fragments preferably have a length between 30 nm and 100 
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nm. This allows a large aspect ratio, i.e. that a length is typically larger than a 

diameter of one of the carbon nanotubes. Single-walled carbon nanotubes 

usually have a diameter between 0.6 nm and 2 nm. The ultrasound is typically 

used at a power between 30 W and 100 W and at a frequency between 20 

kHz and 40 kHz. 

 

The fragments can be oriented by applying an electrical field on the surface of 

the carrier. This allows a vertical orientation in a particularly simple manner in 

which the forming carbon nanotubes grow directed away from the surface. 

Field lines of the electrical field preferably have an angle with respect to the 

surface of the carrier between 80° and 100° for this purpose to ensure a 

vertical orientation. The carbon nanotubes typically adhere to components of 

the dispersion remaining on the surface, such as surface-actives substances, 

after a drying of the dispersion. The substrate can in particular be used as an 

electrode for this purpose and the electrical field between the substrate and 

an electrode disposed opposite the substrate can support the growth of the 

carbon nanotubes along the field lines. The fragments are, however, also 

already correspondingly oriented during the application onto the substrate by 

the electrical field so that the surface is intersected by the longitudinal axis of 

the fragments and the fragments are not oriented in parallel in a plane with 

respect to the carrier. 

 

Alternatively or additionally, the fragments can be oriented by a self-

organization on a gold layer applied to the surface of the carrier. SH(CH2)nNH2 

molecules, e.g. cysteamines, are preferably used for this purpose that provide 

a vertical orientation of the carbon nanotubes. The described self-

organization can also be combined with the previously described orientation 

by means of the electrical field. 

 

A surface density of the fragments can be monitored on the application and 

orientation of the fragments via the concentration of the fragments in the 

dispersion, i.e. the higher the proportion of the fragments, the larger the 

surface density, that is the number of fragments per unit of area, also is. The 

fragments can, for example, be applied by dipping the carrier into the 

dispersion, with a drying of the carrier together with the coating subsequently 

taking place so that the fragments ultimately adhere to a dry surface. 
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The carrier can be a silicon oxide substrate or a glass substrate since such 

carriers are frequently used in microtechnology and nanotechnology, are 

thermally stable at temperatures up to 1200°C, and are simple to handle.  

 

The longitudinal axis of the fragments applied to the carrier typically has an 

angle with respect to the surface of between 60° and 120°, preferably 

between 75° and 105°, particularly preferably between 80° and 100°. The 

longitudinal axis along which the carbon nanotubes are extended is therefore 

as parallel as possible with a surface normal of the surface of the carrier. Only 

a specific percentage of the growing carbon nanotubes, typically 60%, 

preferably 75%, and particularly preferably 90%, can, also have this angle. The 

carrier itself can be a planar carrier, i.e. the surface on which the fragments 

are deposited is planar. 

 

To extend or to grow the carbon nanotubes, plasma-assisted chemical vapor 

deposition can be used since an improved growth can hereby be achieved. 

 

Provision can be made that the dispersion is formed from water, preferably 

from distilled water, and from a surface-active substance, preferably a 

surfactant, to generate a homogeneous dispersion that allows a uniform 

coverage of the surface of the carrier. Sodium dodecyl sulfate (SDS) or sodium 

dodecyl benzenesulfonate (SDBS) can be used as the surfactant. The 

surfactant preferably also serves as a binding agent and as a fixing means; 

dried residues of the surfactant can in particular be used for binding and fixing 

the oriented fragments.  

 

The surface-active substance is typically present in the dispersion in a 

concentration of between 0.02 wt.% and 2 wt.%, preferably less than 1 wt.%. 

In addition, however, isopropanol or ethanol can also be added to the 

dispersion of distilled water, the surface-active substance and the at least one 

carbon nanotube. 

 

A surfactant layer typically forms on the carrier on the drying of the dispersion 

mixed with the surfactant and the fragments of the carbon nanotubes are 

applied to the surfactant layer and are oriented. The concentration of the 
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surfactants in the dispersion is selected in this respect such that a desired 

thickness of the surfactant layer is adopted, with the thickness of the 

surfactant layer per surface unit likewise being increased with a higher 

proportion. 

 

Particles that are not fragments are typically removed from the dispersion 

after the generation of the fragments. This preferably takes place by 

ultracentrifugation or by another of the already named techniques. A high 

quality of the deposited fragments without interfering foreign bodies is 

hereby ensured.  

 

The generated carbon nanotubes having the same electronic properties can 

be removed from the carrier material and can serve as a starting material for 

a further carrying out of the method. A yield of carbon nanotubes having the 

same electronic properties can hereby be increased in a cascading manner. 

This allows a scaling up of the method, with a degree of purity, that is a 

proportion of manufactured carbon nanotubes having identical physical 

properties, being able to be systematically increased with every carrying out. 

 

After the growing by chemical vapor deposition, the reproduced carbon 

nanotubes can be measured with respect to their properties. This preferably 

takes place by optical absorption spectroscopy, Raman spectroscopy and/or 

by a photoluminescence measurement. Carbon nanotubes that differ from 

the desired properties are then separated from the remaining carbon 

nanotubes having the same electronic properties. The separation can in turn 

take place by means of centrifugation, in particular ultracentrifugation, 

chromatography or a technique based on gel or polymers. Dirt particles that 

have been produced on the generation of the fragments can also be removed 

from the dispersion by centrifugation in a method step in that the dispersion 

is centrifuged at different accelerations. 

 

A packing density of the carbon nanotubes manufactured on the carrier using 

the described method can amount to up to 10,000 per µm
2
, preferably up to 

20,000 carbon nanotubes per µm
2
, particularly preferably up to 40,000 carbon 

nanotubes per µm
2
. A spacing of the carbon nanotubes from one another on 

the carrier or a spacing of the fragments from one another on the carrier is 
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typically less than 0.5 µm. 

 

Even if the fragments are formed from carbon nanotubes, nanotubes of boron 

nitride, boron or silicon can also grow at the fragments alternatively to the 

carbon nanotubes. For this purpose, the growth takes place correspondingly 

in an atmosphere containing boron, silicon and/or nitrogen in the apparatus 

for chemical vapor deposition. It is also possible to grow doped carbon 

nanotubes in which different atoms are therefore inserted into a frame of the 

nanotube at different sites of carbon atoms. Corresponding impurity atoms 

are in this respect provided in the apparatus for chemical vapor deposition 

during the growth of the nanotubes. 

 

A carrier can be manufactured, typically using the described method and 

having single-walled carbon nanotubes of the same diameter and of the same 

chirality arranged on a surface of the carrier, in which the carbon nanotubes 

are arranged on the surface such that a longitudinal axis of the carbon 

nanotubes intersects the surface and the carbon nanotubes are not oriented 

in parallel in a plane with respect to the carrier. A carrier is thus present 

having carbon nanotubes oriented vertically with respect to the carrier and 

applied to the carrier and that is able to be installed in components. 

 

In addition, a carrier can be manufactured, preferably using the described 

method, having fragments arranged on and oriented on the carrier, but 

having carbon nanotubes not yet growing or already grown thereon. The 

carrier is thus typically present in the state in which it is introduced into the 

apparatus for chemical vapor deposition in accordance with the method 

already described. A carrier prepared in this manner can be stored and can be 

further processed later. 

 

Provision can be made that a surfactant layer deposited from the dispersion 

mixed with the surfactants is present on the carrier after the drying. The 

fragments are arranged on this surfactant layer and their orientation is 

stabilized by the surfactant layer.  

 

This surfactant layer can have a thickness that is smaller than a length of the 

fragments. This thickness typically amounts to between 0.3 µm and 1 µm, 
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preferably between 0.5 µm and 0.8 µm. The fragments can hereby, on the 

one hand, reliably adhere to the surfactant layer without a subsequent 

growth being impeded. 

 

A surface of the carrier on which the fragments are oriented can be 

completely covered by the surfactant layer after the removal of the carrier 

from the dispersion and after the drying of the carrier in order to allow an 

adhesive bonding of the fragments over a surface that is as large as possible. 

 

Instead of the surfactants, the surface of the carrier can also be provided with 

a gold layer on which the fragments are applied and oriented, with the 

surface preferably being provided with a layer of SH(CH2)nNH2 molecules for 

orienting the surface. 

 

Embodiments of the invention are shown in the drawings and will be 

explained in the following with reference to Figures 1 to 8. 

 

There are shown: 

 

Fig. 1 a dispersion of a liquid and single-walled carbon nanotubes contained 

in a vessel shown in a perspective view;  

 

Fig. 2 an ultrasound treatment of the dispersion shown in Fig. 1 in a view 

corresponding to Fig. 1; 

 

Fig. 3 the fragments of the carbon nanotubes obtained in the ultrasound 

treatment shown in Fig. 2 in a view corresponding to Fig. 1;  

 

Fig. 4 the fragments deposited from the dispersion on a surface of a carrier 

in a perspective view; 

 

Fig. 5 a reactor for chemical vapor deposition in a perspective view in which 

reactor the carrier shown in Fig. 4 has been introduced,  

 

Fig. 6 a view of the carrier corresponding to Fig. 4 with the extended, 

vertically oriented carbon nanotubes; 
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Fig. 7 a plurality of the carriers shown in Fig. 6 with carbon nanotubes 

arranged thereon, and 

 

Fig. 8 a view of the carrier corresponding to Fig. 4 with a surfactant layer and 

with carbon nanotubes applied thereto. 

 

A vessel 1 is shown in Fig. 1 in which a homogeneous dispersion 2 of a liquid 

having a surfactant and a plurality of carbon nanotubes 3 is contained. In 

further embodiments, only a single carbon nanotube having predefined 

electronic properties can also be taken as the starting material for the 

method. The liquid in the embodiment shown is distilled water; deionized 

water can, however, also generally be used. The surfactant, sodium dodecyl 

sulfate, SDS, in the embodiment shown, is present in the dispersion in a 

concentration of 0.1 wt.%. In addition, isopropanol has been admixed in the 

dispersion, but this can also be dispensed with in further embodiments. One 

of the carbon nanotubes 3 is shown in an enlarged representation by way of 

example. At least 90% of the carbon nanotubes 3 contained in the dispersion 

2 have the same electronic properties, are therefore semiconductive in the 

embodiment shown, and preferably have a diameter of the same size and an 

identical chirality. In addition, the carbon nanotubes 3 are all single-walled. In 

further embodiments, the carbon nanotubes 3 can, however, also be metallic. 

It is avoided by the addition of surfactants that the carbon nanotubes 3 are 

attached to one another and form bundles, but are rather present evenly 

distributed in the dispersion 2. In further embodiments, the carbon nanotubes 

3 can also be oxidized by an acid and can thus be hydrophilic instead of 

hydrophobic; or organic solutions such as dimethylformamide (DMF) are used 

for producing a homogeneous dispersion. The carbon nanotubes 3 having 

identical physical properties were produced using a method known from the 

prior art in the example shown and were subsequently sorted. In the 

embodiment shown, 99% of the carbon nanotubes 3 used for the dispersion 2 

have identical properties. 

 

To reproduce the carbon nanotubes 3 contained in the dispersion 2, a 

breaking of the carbon nanotubes 3 into smaller fragments is effected by the 

effect of ultrasound in the vessel 1 having the dispersion 2 of the carbon 
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nanotubes 3. Repeating elements are provided with identical reference 

numerals in this Figure and also in the following Figures. To produce the 

fragments, a tip 4 of an ultrasound sonicator is introduced into the dispersion 

2 and ultrasound of a frequency of 30 kHz and at a power of 30 W to 100 W is 

introduced into the dispersion 2 via the ultrasound device 5.  

 

The vessel 1 with the dispersion 2 and the produced fragments 6 is shown in 

Fig. 3. The fragments 6 have a length of 30 nm to 100 nm with a diameter of 

approximately 1 nm. Since further particles such as bundles of carbon 

nanotubes 3, amorphous carbon or residues of catalysts can also have formed 

due to the ultrasound input, these particles can be removed from the 

dispersion 2 in a further method step by centrifugation; for example, the 

dispersion 2 is centrifuged for 8 hours at 20,000 times gravitational 

acceleration, that is at 20,000 g. 

 

The dispersion 2 shown in Fig. 3 is applied to a planar carrier 7 by a pipette, 

for example, and the liquid is removed, for example by heating. The planar 

carrier 7 is a silicon wafer that is introduced into an electrical field during or 

after the drying for the removal of liquid components of the dispersion 2 and 

also withstands a subsequent further treatment without damage due to its 

temperature resistance up to 1200°C. Field lines of the electrical field in this 

respect stand perpendicular on a planar surface 8 of the carrier 7 so that the 

fragments 6 are oriented in parallel with the field lines on the surface 8, that 

is a longitudinal axis of the fragments 6 is likewise at a right angle to the 

surface 8. A layer is thus produced of fragments 6 oriented vertically on the 

carrier 7. It may, however, also occur that only a certain percentage of the 

fragments 6 have the same orientation. For example, in the embodiment 

shown, 80% of the fragments 6 are oriented in parallel with a surface normal, 

whereas the remainder has an angular offset of up to 20° from the surface 

normal.  

 

In a further embodiment, a gold layer is applied areally to the surface 8 and 

the fragments 6 are oriented on said gold layer by self-organization assisted 

by cysteamines, namely SH(CH2)2NH2, such that the longitudinal axis intersects 

the surface 8, that is the fragments 6 stand at a right angle on the surface 8. 

The application of the dispersion 2 onto the carrier takes place by dipping the 
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carrier 7 into the dispersion. The cysteamines used are in this respect 

contained in the dispersion 2 or are applied to the gold layer in a preceding 

method step, for example by dipping into a liquid mixed with the cysteamines.  

 

The carrier 7 prepared in this manner having the fragments 6 of the single-

walled carbon nanotubes having the same electronic properties oriented on 

the surface 8 can be temporarily stored in this form and can only 

subsequently be further processed in a further step. 

 

The carrier 7 shown in Fig. 4 having fragments 6 of the single-walled carbon 

nanotubes 3 having the same electronic properties oriented on the surface 8 

is introduced, as shown in Fig. 5, into a reactor 9 that is suitable for chemical 

vapor deposition (CVD). In this reactor 9, tips of the fragments 6 are first 

chemically activated in an atmosphere containing hydrogen and carbon 

nanotubes 3 having the same electronic properties and, provided that carbon 

nanotubes 3 having the same diameter and the same chirality were used as 

the starting material, also having the same diameter and the same chirality, 

are then grown epitaxially by chemical vapor deposition, starting from the 

fragments 6, in an atmosphere containing carbon until the desired length is 

reached. In further embodiments, plasma-assisted chemical gas vapor 

deposition can also be used for this purpose. The atomic structure of the 

fragments 6, that is in particular their diameter and their chirality, is not 

changed by the epitaxial growth. In addition, doped carbon nanotubes, boron 

nitride nanotubes, boron nanotubes or silicon nanotubes can also be grown in 

a corresponding atmosphere. 

 

After the end of the chemical vapor deposition, the carbon nanotubes 3 are 

grown on the surface 8 of the carrier 7, starting from the fragments 6 used as 

the starting layer, as shown in Fig. 6. These carbon nanotubes in the 

embodiment shown are single-walled, semiconductive, and typically have the 

same respective diameter and the same chirality when carbon nanotubes 

having the same diameter and the same chirality were used as the starting 

material. In addition, they are all arranged vertically to the surface 8, i.e. are 

grown along a longitudinal axis of the fragments 6 and form a layer of 

vertically arranged carbon nanotubes 3. A packing density amounts in the 

embodiment shown to 10,000 carbon nanotubes per µm
2
, while a spacing of 
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the carbon nanotubes from one another is smaller than 0.5 µm. 

 

Provision can be made in further embodiments that the grown carbon 

nanotubes 3 are measured by Raman spectroscopy or by another measuring 

process with respect to their electrical and optical properties. Carbon 

nanotubes 3 whose physical properties differ from the majority can 

subsequently be removed from the bundle of obtained carbon nanotubes 3, 

for example by ultracentrifugation, chromatography or a process based on 

gels or polymers. 

 

The carbon nanotubes 3 can be removed from the carrier 7 and can be 

installed in applications, for example in transistors, for example field effect 

transistors, or in other components such as sensors, photon detectors, optical 

modulators, light sources, solar cells or thermoelectric components. 

 

Alternatively, the carbon nanotubes 3 can be removed from the carrier 7 and 

a further dispersion 2 can be formed, as shown in Fig. 1. The method can then 

be repeated for the cascading reproduction of the carbon nanotubes 3, that is 

fragments 6 can likewise be produced by ultrasound and these fragments 6 

can be deposited and extended on a further carrier 7. The configuration 

shown in Fig. 7 hereby results of a plurality of carriers 7 on which respective 

carbon nanotubes 3 having defined physical properties are deposited. 

 

Fig. 8 shows in a view corresponding to Figure 4 the carrier 7 having a 

surfactant layer 9 of SDS that is deposited on, that is shown hatched, that has 

a thickness of 200 nm and that, as an intermediate layer, covers a surface 8 of 

the carrier 7 on which the fragments 6 are deposited completely, that is 

without cut-outs or holes. The fragments 6 have a length that is larger than 

the thickness of the surfactant layer 9 so that the fragments 6 are deposited 

and are oriented on the surfactant layer 9 and are stabilized in their 

orientation by the dried surfactant layer 9. 

 

Features of the different embodiment only disclosed in the embodiment 

examples can be combined with one another and claimed individually. 
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Claims 

 

1. A method of reproducing at least one single-walled carbon nanotube 

(3) having predefined electronic properties or a plurality of single-

walled carbon nanotubes (3) having the same electronic properties, 5 

the method comprising the steps: 

a) preparing a dispersion (2) from a liquid and from the at least 

one single-walled carbon nanotube (3) having predefined electronic 

properties or from the plurality of single-walled carbon nanotubes (3) 

having the same electronic properties; 10 

b) forming fragments (6) of the at least one single-walled carbon 

nanotube (3) or of the plurality of single-walled carbon nanotubes (3) 

by an energy input into the dispersion (2); 

c) applying the fragments (6) of the at least one single-walled car-

bon nanotube (3) or of the plurality of single-walled carbon nanotubes 15 

(3) from the dispersion (2) onto a surface (8) of a carrier (7) as a start-

ing layer for reproducing and orienting the fragments (6) on the sur-

face (8) during the application from the dispersion (2) so that the sur-

face (8) is intersected by a longitudinal axis of the fragments (6) and 

the fragments (6) are not oriented in parallel in a plane with respect to 20 

the surface (8) of the carrier (7), wherein the fragments (6) are orient-

ed by a self-organization on a gold layer which is applied to the surface 

(8) of the carrier (7) or a surfactant layer (9), which is formed by a sur-

factant comprised in the dispersion (2), the surfactant layer (9) having 

a thickness that is less than a length of the fragments (6) and is applied 25 

and dried on the surface (8) of the carrier (7) so that the fragments (6) 

of the at least one single-walled carbon nanotube (3) are applied and 

oriented on the dried surfactant layer (9) as well as fixed to the carrier 

(7) via the surfactant layer (9);  and 

d) introducing the fragments (6) applied to and oriented on the 30 

carrier (7) into an apparatus for chemical vapor deposition (9), with 

single-walled carbon nanotubes (3) having the same electronic proper-

ties being extended in the apparatus for chemical vapor deposition (9), 

starting from the fragments (6) serving as the starting layer, in a gas 

atmosphere containing carbon by means of chemical vapor deposition. 35 
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2. A method in accordance with claim 1, characterized in that the frag-

ments (6) are formed by introduction of ultrasound into the dispersion 

(2), with fragments (6) having a length between 30 nm and 100 nm 

preferably being obtained. 

3. A method in accordance with claim 2, characterized in that ultrasound 5 

is used having a power of 30 W to 100 W at a frequency between 20 

kHz and 40 kHz. 

4. A method in accordance with one of the preceding claims, character-

ized in that the fragments (6) are oriented on the surface (8) by appli-

cation of an electrical field. 10 

5. A method in accordance with one of the preceding claims 1 to 3, char-

acterized in that SH(CH2)nNH2 molecules are used for the orientation of 

the fragments (6) on the gold layer applied to the surface (8) of the 

carrier (7). 

6. A method in accordance with one of the preceding claims, character-15 

ized in that the longitudinal axis of the applied fragments (6) has an 

angle with respect to the surface between 60° and 120°, preferably be-

tween 75° and 105°, particularly preferably between 80° and 100°, 

with the carrier (7) preferably being a silicon oxide substrate. 

7. A method in accordance with one of the preceding claims, character-20 

ized in that plasma-assisted chemical vapor deposition is used to ex-

tend the carbon nanotubes (6). 

8. A method in accordance with one of the preceding claims, character-

ized in that the carbon nanotubes (3) used for reproduction have the 

same diameter and the same chirality. 25 

9. A method in accordance with one of the preceding claims, character-

ized in that the dispersion (2) is prepared from water, preferably from 

distilled water, and from a surface-active substance, preferably a sur-

factant, for producing a homogeneous dispersion. 
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10. A method in accordance with one of the preceding claims, character-

ized in that the produced carbon nanotubes (3) having the same elec-

tronic properties are removed from the carrier (7) and the method is 

carried out again using these removed carbon nanotubes (3) for a fur-

ther reproduction of the carbon nanotubes (3). 5 

11. A method in accordance with one of the preceding claims, character-

ized in that the single-walled carbon nanotubes are formed with a di-

ameter between 0.6 nm and 2 nm. 

12. A method in accordance with one of the preceding claims, character-

ized in that the reproduced carbon nanotubes (3) are measured with 10 

respect to their properties by optical absorption spectroscopy, Raman 

spectroscopy and/or a photoluminescence measurement after the 

growing by chemical vapor deposition and carbon nanotubes (3) differ-

ing from the desired properties are separated. 

13. A method in accordance with one of the preceding claims, character-15 

ized in that the carbon nanotubes (3) are manufactured with a packing 

density of up to 10,000 carbon nanotubes per µm
2
, preferably of up to 

20.000 carbon nanotubes per µm
2
, and particularly preferably of up to 

40,000 carbon nanotubes per µm
2
. 

14. A method in accordance with one of the preceding claims, character-20 

ized in that the carbon nanotubes (3) and/or the fragments (6) of the 

carbon nanotubes (3) are arranged on the carrier (7) with a spacing 

from one another of less than 0.5 µm. 

15. A carrier (7) having a surface (8) on which single-walled carbon nano-

tubes (3) having the same electronic properties are applied such that a 25 

longitudinal axis of the carbon nanotubes (3) intersects the surface (8) 

and the carbon nanotubes (3) are not oriented in parallel in a plane 

with respect to the surface (8) of the carrier (7) and 

a dried surfactant layer (9) having a thickness that is less than a length 

of the fragments (6) is applied to the surface (8) and the fragments (6) 30 

of the at least one single-walled carbon nanotube (3) are applied to, 
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oriented on and fixed with it or 

the surface (8) of the carrier (7) is provided with a gold layer and the 

fragments (6) of the at least one single-walled carbon nanotube (3) are 

applied to and oriented on it. 

16. A carrier (7) having a surface (8) on which fragments (6) of the at least 5 

one single-walled carbon nanotube (3) are applied and are oriented 

such that a longitudinal axis of the fragments (6) of the at least one 

carbon nanotube (3) intersects the surface (8) and the fragments (6) of 

the at least one carbon nanotube (3) are not oriented in parallel in a 

plane with respect to the surface (8) of the carrier (7) and 10 

a dried surfactant layer (9) having a thickness that is less than a length 

of the fragments (6) is applied to the surface (8) and the fragments (6) 

of the at least one single-walled carbon nanotube (3) are applied to, 

oriented on and fixed with it or 

the surface (8) of the carrier (7) is provided with a gold layer and the 15 

fragments (6) of the at least one single-walled carbon nanotube (3) are 

applied to and oriented on it. 

17. A carrier (7) in accordance with claim 15, characterized in that the sur-

face (8) of the carrier (7) being provided with the gold layer is provided 

with a layer of SH(CH2)nNH2 molecules for the orientation. 20 


