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Field electron emission from a carbon nanotube amino acid composite

layer
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The paper presents a study of the field emission properties of a new nanocomposite material based on a mixture

of carbon nanotubes and organic substance (valine amino acid). On the surface of a thin composite layer covering

an electrically conductive metal cathode there was experimentally revealed a developed network of active electron

emission sites. Valine not only enhanced field emission properties of the composite surface, but also acted as a

binder thus providing high adhesion and strength of the nanocomposite coating.
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Biomolecular functionalization of nanocarbon materials

makes possible their new unique applications in physics,

chemistry, biology, medicine and electronics. The use of car-

bon nanotubes (CNTs) looks promising; their combination

with biological molecules opens up possibilities for devel-

oping new types of biosensors and bioaccumulators [1–5].

Coupling of CNTs with biomolecules may reduce

the non-constructive CNT agglomeration caused by

van-der-Waals forces between them. On the other hand,

covalent bonds between the functional groups and CNT

carbon skeleton can improve the CNT adhesion to the

substrate [5]. Both of these factors together determine the

possibilities of using such substances in vacuum electronics,

among others, in important design solutions for field

electron emitters and cathodes.

CNT based field cathodes are characterized by low

threshold voltages and quite high emission currents arising

due to the current load distribution over a multitude of con-

ductive pointed protrusions above the cathode surface [6].

In connection with the requirement for mechanical stabil-

ity of the emitter material under the impact of ponderomo-

tive forces, various options for fixing CNTs on the cathode

surface are used. These are formation of cluster structures

(e. g. emitters based on cone-shaped CNT agglomerates [7]),
creation of special buffer layers that increase the adhesion

(e. g. adding a Ti layer [8]), and also using various substances

binding CNTs to the substrate (the so-called binders).
Binders are applied prior to placing CNTs on the cathode

surface (e. g. emitters obtained by transferring CNTs from

a homogeneous film to the AuSn and SnAg islands by

direct contact [9]) or after it (e. g., infiltration of vertically

oriented CNTs with polydimethylsiloxane molecules and

their subsequent polymerization [10]); also, binders are

mixed with CNTs thus forming a suspension from which

a nanocomposite coating is then formed (e. g. emitters

created by pneumatic spraying onto the substrate of a

mixture of CNTs and polymethyl-methacrylate polymer

solution [11]). Paper [12] has demonstrated an improvement

in the CNT cathode emission properties due to using

electrochemically controllable coagulation of dispersed CNT

molecular complexes with ribonucleic acid. However, a

wide range of such scientific and technological tests have

not yet provided efficient solutions.

In this study we have developed a nanocomposite mixture

of CNTs with amino acids among which the composition

with valine was distinguished due to its positive properties;

field emission properties of a cathode with such a composite

layer were examined for the first time.

The experimental field cathode was constructed as a

substrate in the form of a round metal plate 10mm in

diameter coated with the CNT/valine nanocomposite. The

coating was created by applying onto the plate a drop of

the composite suspension with subsequent evaporation of

the solvent. The suspension consisted of two components:

CNTs suspended in orthoxylene (0.1mg of CNTs per ml)
and valine solution in orthoxylene (1mg of valine per ml);
they both were treated with ultrasound for several hours.

CNT concentration in the nanocomposite was 10wt.%. As

CNTs, carbon nanotubes Tuball (produced by OCSiAl,

Novosibirsk) were used. Side contacts of CNTs on the

metal substrate provide the contact resistance of about

1 k�, while end CNT contacts may be significantly more

conductive [13,14].

In the experiments, valine (HO2CCH(NH2)CH(CH3)2,
EMD Millipore Corporation, Japan) was used without

additional purification. Valine belongs to the group of simple

aliphatic non-polar α-amino acids having the major alkyl

side chain Cα and existing in various conformers. Electron
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Results of the field emission experiment with the CNT/valine nanocomposite layer on the cathode. a — IV characteristic (the inset

presents the glow pattern); b — Fowler-Nordheim IV characteristic (FN IV) (the inset illustrates statistics of the effective field gain).

transfer through the polypeptide matrices of such proteins

is a key process in biological systems responsible for energy

conversion and signal transduction. The charge transfer

process is sensitive to the sequence of amino acids making

up the protein and to their conformation; therefore, it may

serve as a tool for controlling the conductivity of such

nanocomposites. Studies [15,16] have shown that the self-

organizing polypeptide matrix is electronically conductive

not only in solution, but also in the dry state over hundreds

of nanometers. Thus, we assumed that high electrical

conductivity of amino acid polypeptides, e. g. valine, is

expected to improve the CNT nanocomposite conductive

properties and enhance the field emission.

The emission properties were studied using a computer-

aided method of multichannel detection and recording of

field emission data [17]. The parameters to be measured

were the measuring chamber vacuum, applied voltage and

emission current, as well as the pattern of emission activity

distribution over the cathode surface (the so-called glow

pattern). Glow patterns were formed on the phosphor

coating of the transparent anode (glass with the transparent

conductive ITO-coating). IV characteristics were recorded

in the pulse voltage mode with high-speed signal recording

(a single IV curve was measured during 20ms, this value

being equal to the high voltage pulse period); this allowed

achieving higher voltages than in the constant power supply

mode. The voltage and emission current levels are further

used to designate pulse amplitudes of the applied voltage

and corresponding emission current.

A special program for the data recording and online

processing allowed construction of the I-V curves in the

Fowler−Nordheim coordinates, estimation of the effective

field enhancement factor and emission area, and also

construction of their statistics at a relatively stable level

of emission current [18]. Another possibility was online

conduction of the test for cold field emission (the so-called

Forbes test) [19].

The experiments showed that the threshold voltage of

the cathode under consideration was ∼ 300V (necessary
to achieve the preset current level of 1.5 µA). Recording
of the glow patterns started at the voltage of ∼ 400V

and current of ∼ 20µA. Knowing the established inter-

electrode distance between flat surfaces of the emitter

and anode (dsep = 370 µm), it is possible to estimate the

threshold emission onset field which appeared to be as low

as 0.81V/µm.

The maximum current obtained in the experiments

amounted up 1.6mA at the voltage of ∼ 920V. The voltage

was not raised higher because of the risk of damaging the

ITO-coating.

The Figure presents the IV characteristic with the maxi-

mum current of ∼ 1.5mA; the curve is constructed in the

linear and semi-logarithmic Fowler −Nordheim coordinates

(FN IV characteristic). The insets demonstrate the glow

pattern and statistics of the effective field enhancement

factor. The obtained statistics exhibits an anomalous effect,

namely, the presence of three peaks at once, which get

formed simultaneously in the process of data acquisition.

Probably, three independent areas of the emitting surface

were active; they differed in the parameters of local

enhancement of the microscopic electric field strength

and provided different partial field emission fluxes in the

vacuum gap between the composite layer and anode. This

assumption is supported by both the field gain statistics and

glow pattern of the anode’s phosphor coating (see Fig. a).

Local properties of the composite layer surface were

determined by the fact that electrons might be emitted

into vacuum not only from the energy level corresponding

to pure CNT (∼ 4.6 eV [20]) but also from the level

corresponding to the highest occupied molecular orbital of

valine which was about 8.72 eV (the effective gas phase

valine work function, the potential of ionization potential

from NH3 HOMO) [21].
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Along with this, it seems possible that just the polymer

islands of valine molecules covering CNTs provided the

nanocomposite coating with high electron energy levels

and parameters of local field enhancement and release of

electrons into vacuum.-

When the measured emission current was ∼ 1.5mA, all

the recorded I-V characteristics passed the test for cold

field emission. At the given CNT work function (4.6 eV),
the emission proceeded in the range of dimensionless

local fields f of 0.36 to 0.45, which, according to the

test, does not go beyond the mode of
”
classical cold

field emission“ [19]. This evidences that the developed

composite cathode is quite promising to be used in vacuum

microelectronics.
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