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1. Background & objective:

Many  forms of nano-dispersed carbon demonstrate good 

FEE properties. Though, in many cases its mechanism remains 

unclear, as some of efficiently emitting material are 

characterized by neither low workfunction nor surface 

morphology providing high field enhancement factor . 

In our report at the previous ACNS conference [1] (you can 

take a copy of the proceedings paper in the folder below) we 

investigated the simplest of such systems – a film comprised 

by carbon nano-dots (islands). We found [2] that the best 

emission properties are demonstrated by:

In this work, we investigated influence of substrate 

properties in emission characteristics of carbon films with this 

“optimal” structure.     

Abstract:

Field-emission properties 

of nano-island carbon films 

(quantum dots) were 

investigated as a function of  

Si  substrate parameters, 

such as dopant   type and 

concentration. In the second 

part of the work, we studied 

field-emission effect of 

voltages and currents 

applied across the substrate 

to verify the hypothesis 

about hot-electron (or two-

barrier) mechanism of field 

emission from 

nanostructured carbon 

emitters with smooth 

surface topography. 

2. Objects of 

investigation:

Samples of carbon nano-island 

films fabricated in the same 

CVD process. The films were 

deposited on silicon substrates of 

different types and conductivity 

(3 samples each):

КЭФ 4,5 (KEF 4.5) – heavily 

doped n-type;

КЭФ 7,5 (KEF 7.5) – lightly 

doped n-type;

КДБ 1 (KDB 1) – heavily doped 

p-type;

КДБ 12 (KDB 12) – lightly 

doped p-type.

Film structure for each substrate 

type is showed in the AFM 

images 

Nickel carbide shells of Ni particles,

1) films of island structure (leaving a part of substrate surface 

uncovered) 

2) with island of optimal size (something like 2-5 nm thick 

and 15-30 nm diam.)

3) formed by carbon in sp2 phase.

KEF 4.5    KEF 7.5 

KDB 1    KDB 12

3. Emission characteristics

4. Emission control via current 
through the substrate  

New experiments demonstrated that 

emission current from the tested C@Si films 

can be controlled by voltages and currents 

applied to the substrate. Such possibility is 

evident in the hot-electron emission model –

injection of additional electrons in the film 

must activate emission.

The experiment’s scheme:

Dependencies of modulation depth 

from dc emission current were non-

linear and different for different 

samples, but insensitive to 

modulation frequency within 100 

Hz-100 kHz. 

If I-V characteristics of a substrate 

were non-linear, the corresponding 

emission current modulation 

waveforms were asymmetrical. 
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All the tested samples demonstrated very 

good  emission properties, with threshold 

field values below 1 V/ m.   

Emission I-V plots had reasonably 

exponential shapes.

Attempts to extract greater currents 

resulted in certain deterioration of 

emission activity, presumably due 

destruction of the most active emission 

centers (see in the bottom plot). Yet, 

emission properties remained good and 

became stable.   

In contrast with our previous results [2], 

the samples deposited on highly doped 

substrates with n-type conductivity 

showed the easiest emission, while 

emission from the samples deposited on 

heavily-doped p-type silicon was the worst 

among others.   

One of possible explanations of this 

difference consists in different size, 

density and presumably structure of 

islands formed on different substrates in 

the same deposition process (see the AFM 

images above).  
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Another explanation: 

In previous experiments, the films were 

deposited directly onto cleaned Si surface. For 

realization of two-barrier (or hot-electron) 

emission mechanism, the C island should be 

ohmically insulated from the substrate. Then, 

under the action of applied field, electrons are 

transferred into the island by tunneling and thus 

yield an additional energy for facilitated 

emission. 

If an island lies directly at a doped Si surface, it 

is insulated only by the depleted layer. In the 

case of p-type Si, the external field of electron 

emission polarity enhances the depletion effect, 

penetrates between the island and substrate 

bulk, and the two-barrier emission mechanism 

can work (see in the figure, left column).  

Yet in n-type Si, the field suppresses the 

depleted layer and establishes ohmic contact to 

the island.

In the reported experiments, the films were 

deposited at oxidized Si surface. In this case, the 

role of depleted layer in emission may be less 

important. Furthermore, its optimal thickness 

(for tunneling transparency) may be achieved 

with heavily doped n-type substrate, where it is 

lower and further reduces under the action of the 

field. (see in the figure, right column).  

Figures: Schematic energy  diagrams of  the substrate-film-vacuum system in the 

absence (top) and in presence (bottom) of external electric field.  

Left: the case of carbon deposited 

directly on p-type silicon..  

Right: the surface of n-type silicon 

is oxidized.

This observation confirms 

applicability of the two-barrier (or 

hot-electron) emission model to the 

films of the studied type. 

We hope that it can also find 

practical applications – for 

instance, for formation of pre-

modulated electron beams, or as a 

method of emitter activation or 

current control. 

With application of ac voltage ~Umod

(with amplitudes up to 30 V), 

modulation appeared in emission 

current (up to 10%). 

The ac emission current component 

depended from the dc voltage applied 

to the field gap, hence it cannot be 

fully attributed to the capacitive current 

to the anode.

Top: Amplitudes of modulation of emission 

current vs static current (controlled via field 

gap voltage U) for two emitter samples. 

Amplitude of the  alternative voltage applied 

to the substrate ~Umod was constant. 

Modulation frequency was 100 Hz and 100 

kHz for the two measurements.

 Left: waveforms of current modulation 

signals for different values of static current 

(controlled via field gap voltage U) and the 

same alternative voltage ~Umod applied to 

the substrate. Capacitive current is excluded.  
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