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Abstract 
 

Fluctuation current is a factor that limits the functionality of virtually all electronic devices. Excess noise can be caused 
by parameter fluctuations, in nonlinear elements. Flicker noise has a spectrum of pink noise, so sometimes these two are 
considered synonymous. The I–T (current–time) characteristics of field emission current display trains of pulses with 
characteristics distribution, which appears to change unpredictably from one train to another. Sometimes a train will exhibit a 
totally random noise. The analysis of the behavior of the power spectrum and autocorrelation individual pulses indicates that 
the observed noise is due to diversity of processes, such as adsorption, flip-flop. For the first time, carbon fibers represent a 
field of electron emission source that can work in the pressure range found in commercially made tubes. The studies on carbon 
fibers have shown that they have the ability to become powerful sources of electrons for some technological and microscopy 
applications. Carbon tips also have found other applications. Carbon fibers have a diameter of 6 to 10 μm; they are thinner than 
a human hair.  
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Introduction 

 
In studying the current-field fluctuations of field 

emission, there has been purely scientific interest [1, 2], 
as well as practical interest [3] in the development of 
field electron cathodes. The exponential dependence of 
the auto emission current on the opacity of the 
potential barrier, through which the electrons tunnel 
causes a strong dependence of the current fluctuations 
on the processes. This processes occurring on the 
surface of the cathode and in its near-surface regions  
gives a high sensitivity of the noise measurement 
method for surface investigation. Spectral 
characteristics, especially low-frequency fluctuations, 
carry information about the temporal and static 
parameters of electronic and adsorption-migration 
processes on the surface of auto-cathodes. 

 
1. Flicker noise 

 
The results of work on the field-emission 

fluctuations both in the low-frequency range and in the 
high-frequency range [4, 5] indicate that the types of 

the fluctuation process predominant on the surface of 
the autocathodes is a flicker noise with a characteristic 
dependence of the noise intensity W on the frequency f  
in the form 

 

1 / W f≈ .                                 (1) 
 

However, there have been reports that in a 
number of cases, the field emission current of carbon 
materials fluctuations are purely physical in nature and 
are manifested in the form of pulsed current surges. 
Therefore, an attempt was made to reveal the nature of 
fluctuation processes observed in the selection of the 
field emission current from polyacrylonitrile carbon 
fibers. 

In the course of the experiment, about 104 
implementation was analyzed. The measurements 
showed that the registered implementations for the 
field-emission current fluctuations could be divided 
into five types according to the simplest configuration 
(Fig. 1). 

The remaining forms of the fluctuations can be 
represented as the result of superimposing these 
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Fig. 2. Experimental dependence of the value of α on the average emission current for the dispersion estimates:  

a, b, c – polyacrylonitrile fiber after linear molding with a duration of 80.60.30 min, respectively; 
d – a bundle of polyacrylonitrile fibers after 2 hours of molding 

 
lower. As shown by experiments, the successively 
taken spectra of instability of molded cathodes 
practically do not differ from each other. 

The analysis of the fluctuations in the entire band 
reception measured currents with a minimum of 20 nA 
current to cathodes of carbon materials of different 
structures, namely, a single fiber type febrile HMB-RK 
with the annealing temperature 2000 °C, bundles of 
fibers of type BMH-4 an overall diameter of  
100 microns. The anode-cathode distance was set 
visually at a level of 2 mm for cathodes of the same 
fibers and 0.2–0.5 mm for cathodes from the 
remaining materials. It was found that all the obtained 
spectra obey to the law ∞

grf1 . This law is similar to 
the frequency dependence of the spectral density of 
some low-frequency noise [4, 6]. 

Interesting physical results can be obtained by 
constructing the dependence of the exponent α on the 
average current. By knowing the dependence of the 
current level of instability on one of the frequencies, 
one can fully describe the spectra in the considered 
frequency range and the measurement times, without 
resorting to rather cumbersome graphs. 

Thus, the information is double-compressed; in 
the first stage, when estimating the dispersion of a 

signal from 125 current values, one dispersion value is 
obtained, and in the second stage, from the frequency 
dependence of the dispersion estimates, we obtain, for 
example, its maximum value and exponent. Figure 2 
presents the results of a similar processing of spectra 
for auto cathodes from different carbon fibers. 

The inter-electric effect was detected in the 
analysis of noise by the method of the spectral density 
of the field emission current [7] for carbon fibers. 
 

3. Mechanisms of instability  
of field emission current 

 
When constructing models of noise processes 

accompanied by emission of cathode fieldwork, it is 
necessary to emphasize the role and conditions of 
physical phenomena, leading to fluctuations in the 
emission current. Such phenomena include electronic 
processes in the volume and on the surface of the 
cathode material (conduction fluctuations) of 
adsorption-mitral processes (fluctuations in the 
electronic work), as well as the destruction of the 
radiating surface by ponderomotive forces and ion 
bombardment (fluctuations of the form factor and the 
area of the radiating surface). Conductivity 
fluctuations in the cathode material are too small to 
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cause any noticeable changes in the emission current. 
The resistance of a single fibril fiber used as cathodes 
does not exceed units of a kilo, as well as other 
materials, even less. At a current of 1 mA, the voltage 
drop on the fibril fiber (from the holder to the radiating 
surface) does not exceed 1 V, and its fluctuations are 
much smaller (at least 3 orders of magnitude). 
Consequently, the current-induced fluctuations of the 
“cathode-anode” current cannot lead to the observed 
current stability. 

The presence of residual adsorbed gas atoms on 
the surface of the cathodes results in a change in 
function in comparison with the atomically clean 
surface. At the same time, carbon oxides, unlike metals 
are volatile. Consequently, the fluctuations in the work 
function must be less than, for example, the metal 
AEC. To obtain numerical estimates of this 
mechanism, a quasistatic model of explosive noise can 
be used. It is assumed that the emission current is 
equal to the sum of the currents of N weakly 
interacting centers, with which the current decreases 
exponentially with time. It is assumed that the 
“inclusion” moments are arbitrary points, and the 
relaxation time is distributed over a wide range of 
values for a specific surface of the law g(τ). It is shown 
that if the initial values for all existing emission 
centers are equal, regardless of the relative dispersion 
of the fluctuations, a simple expression is obtained 

 

N2
12 =σ ,                            (2) 

where N is the number of emitting centers. 
The spectral power density of the fluctuations 

varies with frequency as 1/f. The physical nature of the 
fluctuations, according to this model, is as follows. On 
the surface under the AEC adatoms, the film has a high 
technical vacuum, which, under the action of 
mechanical stresses, can be moved by an electric field 
and thereby cause oscillations in the function of work. 
The most probable value of the work function in this 
case is in the range 4–5 eV, that is, its fluctuations are 
no more than 10–15 %. 

Close estimates of the number of emitting centers 
are given by another model of the explosive noise [7]. 

We denote the fluctuation in the work function of 
the output ϕ0  as  χ(φ), i.e.  

( ) 1
0
−

ϕ
ϕ

=ϕχ .                          (3) 
 

Then the Fowler-Nordheim equation for graphite 
(φ = 4.7 eV) can be written in the following simplified 
form 

( )
( ) BxB AI

x
AI −+− ⋅=
+

= 10,10
1 0

1 2/3
,         (4) 

where I0 is the average current, A = 3.28⋅10–7Sβ2U2, 
B = 3.02⋅108/βU, S is the emission area in cm2, β is the 
form factor (cm–1), and U is the voltage in volts. 
Fluctuation of the current can be written in the form 
 

( ) ( ) ( ) 11011 2/3

0
−−=−=σ − Bxx

I
II ,             (5) 

 

( ) ⎟
⎠
⎞

⎜
⎝
⎛ +−=σ 10ln

2
31 BxI                                 (6) 

 

for polyacrylonitrile carbon fiber after 80 min. 
Forming β = 9.2 ⋅ 104 cm–1, i.e. B = 3.33 ⋅ 103

 / U.  
If U = 1 kV, σ(I) = –13χ, and I0 = 60 μA; U = 

= 630 V, σ(I) = –19χ, and I0 = 30 nA. Thus, the 
adsorption instability of the current caused by 
fluctuations in the work function is weakly dependent 
on the average current. If it changes by more than three 
orders of magnitude, the fluctuation level changes by a 
factor of 1.5, decreasing monotonically with increasing 
current. 

The physical conditions in which there is a current 
volatility associated with the destruction of the 
emitting microprotrusions is as follows: 1) the 
ponderomotive loads on these micro-points are close to 
critical; 2) intensive ion bombardment accelerates the 
degradation of the cathode surface. The fact of 
participation in the release of more microprotrusions at 
the same time (N jokes) makes it easy to calculate that 
the current from each of them is the same and equal 

 

N
II 0= ,                                 (7) 

 

where I0 is the total current of the cathode. 
After the microprojection is turned on, its gradual 

destruction by ions and field begins, that is, the current 
from it should decrease with time. The death of 
microscopic can occur either because of its gradual 
shrinkage, or after the separation from the 
microcrystallite of the cathode it is formed. Then this 
leads to the formation and incorporation of a new 
microscopic into the work. Such an instability 
mechanism is associated with fluctuations in the 
microstructure surface, so you can enter the short name 
“microstructural instability” for it. With some 
approximation, this mechanism can be used for 
exchange, the same quantitative models as for the 
work of the fluctuation function. 

The actual current fluctuations caused by changes 
in the work function and microprotrusion degradation 
naturally differ from the model, so the value of the 
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coefficient a (αϕ and αβ, respectively) for each of 
these mechanisms will differ from each other. Thus, 
the change in the physical conditions on the surface 
accompanying the change in the average current from 
the cathode must be accompanied by a transition from 
one to the other of the values of α. This is clearly 
illustrated by the dependencies shown in Figure 3  
(1 – 2) referring to the same material-fibril fiber, the 
values α = 0.38 for them are identical at high currents, 
as well as α = 0.7 at low currents. Thus, the clear 
physical meaning of the graphs in Fig. 3 has been 
revealed. They show some kind of physical 
mechanism that causes the instability problem at 
different current levels. In this transition region, the 
regions of predominance of each of the two 
mechanisms of instability are quantified. 

As it is also shown on the graphs in Fig. 3, the 
threshold molding current is determined, at which the 
distribution completes the cathode skeleton structure 
and the microstructure regime becomes the fluctuation, 
i.e., the current threshold value corresponds to low-
current boundary microstructural fluctuations. For 
example, it is possible to determine the threshold 
current for the formation of individual fibers and 
beams, such as 1 and 30 mA, respectively. Due to the 
increase in the rate of current rise during molding from 
0.75 to 2 mA/min the threshold current from 1 to 10 mA 
increases. This increase in the threshold current of 
reduction during molding is natural because the degree 
of destruction of the radiating surface is determined 
not only by the time of the selected emission current. 

Although this method measures not only the 
spectral density S, but the actual dispersion of the 
current, it is easy to obtain that S also depends on the 
frequency according to the law 1/f ∞: 

( ) ( )1
2 11

+≈⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
≈σ= aa ffdf

d
df
dfS .                (8)  

 

That is a = α + 1. The values of a made up 1.4–1.8 for 
the materials considered. From the analysis of the 
model used, it is possible to obtain another important 
physical inference in a wide range of currents (more 
than two orders of magnitude) when the voltage 
increases, the current increases in proportion to the 
number of emitting microprotrusions. As already 
mentioned, 

N2
12 =σ , i. e. 22

1
a

N = .                    (9) 
 

Measurements of instability directly confirm that 
with more “soft” molding modes, the number of 
emitting microprotrusions increases (Fig.  3). 
Summarizing the above results, it can be concluded 
that the formation of autocathodes from fibril fibers 
results in the release of a large number of 
microprotrusions of the skeletal structure made of 
fibers; emitting area with the most “soft” molding is 
reduced to 8 ⋅ 10–12 cm, and the number of workers 
reaches microprotrusions of 800 pieces, i.e. an area of 
one order of 100 A. Such dimensions may be 
characteristic for microprotrusions consisting of one 
fibril. The decrease in the coefficient γ for casting 
shows that it promotes the release of a microprojection 
having a more uniform distribution of the emission 
parameters. The study of the emission-current spectra 
of the instability can be summarized as follows.  
The instability has a frequency dependence of the 
widespread type 1/f ∞ caused by two main causes –  
for small currents this oscillation of the work function 
is weakly dependent on the average current value.  

 

 
 

Fig. 3. Dependence of the emissivity of the emitting centers on the average current: 
a – fibril fiber: 1 – after molding 80 min; 2 – after forming 30 min; b – bundle of fibers 
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At high currents, these are fluctuations in the 
microstructure of the emitting surface, caused by 
ponderomotive loads and ion bombardment. This 
process is characterized by a rapid decrease in 
instability with increasing current for AEC from the 
studied carbon materials. Quantitatively, the regions of 
predominance of each current growth are associated 
with an almost proportional increase in the number of 
emission centers. It has been experimentally proved 
that in the process of forming an increase in the 
number of microprotrusions close to the emission 
parameters and a decrease in the current instability 
level occur. 
 

4. Methods for reducing the fluctuation  
of the emission current 

 
Stability of field emission current, in particular, 

fluctuations in the emission current, is one of the main 
problems in the practical use of autocathodes. This 
problem is common for auto cathodes from any 
materials, rather than how many auto-cathodes of 
carbon materials. 

Stability of field emission current, all other things 
being equal, depends on the vacuum conditions. Thus, 
it is shown that at a pressure of the residual gases 
about 1014 mm Hg. the lifetime of even a tungsten tip 
is practically unlimited [8]. Under ordinary vacuum 
conditions p ≈ 106–107 mm Hg, autoemitters adsorb 
residual gases and are bombarded by positive ions, 
which increases the change in the work function of the 
electrons. The simplest way to reduce the fluctuations 
of the field emission current is to heat the autocathode 
[9]; thermal desorption of molecules of residual gases. 
Such heating can be carried out both in the regime of 
constant heating [10] and in the regime of pulsed 
heating [11]. 

The opposite method is deep cooling (at least to 
the temperature of liquid nitrogen). However, this 
method leads to significant complications in the design 
of the device and its operation, which makes sense 
only for expensive and unique devices. 

For some types, more stability of the electron 
beam and a smaller value of current fluctuations can be 
obtained if the anode surface, which is bombarded 
with electrons by the material, for example, by 
zirconium, titanium, thorium, barium [12]. Prior to the 
operation of the electron gun with the autocathode, 
they are evacuated to an ultrahigh vacuum 10–8– 
10–9 mm Hg. After that, the anode is heated to a 
temperature of 1070 K for continuous evacuation. 

At the same time, the molecules of the residual 
gas adsorbed on the anode surface evaporate, the 
anode surface is degassed, and the getter is activated. 

After degassing, a very small number of 
molecules are desorbed from the surface of the anode 
under the action of electron bombardment from the 
autocathode since these molecules are bound by the 
getter. Moreover, the molecules of the residual gas are 
strongly absorbed by the activated getter. Thus, the 
auto-cathode is protected from ion bombardment and a 
stable electron beam is obtained. 

For example, for large devices, such as electron 
microscopes, one of the options for reducing the 
parasitic desorption of molecules of residual gases is 
the use of a differential pumping system [13], in which 
the autocathode is located in a chamber with ultrahigh 
vacuum and the object of the action of the electron 
beam is at a relatively low vacuum (10–6–10–5 mm 
Hg). These chambers are separated by a sufficiently 
small aperture with a holes (≈ 0.5 mm), sufficient to 
pass the electron beam and maintain the desired 
pressure difference. 

Another method of reducing the ion bombardment 
of the working surface of the autocathode involves 
creating submicron gaps of the anode-cathode [14] to 
reduce the operating voltage to ≈10 V, i.e. to lower 
ionization potential of residual gas molecules. 
However, in the case of autocathodes made of carbon 
materials, this method (for all its attractiveness) is 
associated with significant technological difficulties 
not overcome by now. 

The next large group of methods for reducing the 
fluctuations of field emission current is the use of 
various electronic circuits. 

A simple and sometimes used method is the 
continuous heating of the cathode, however, for 
sufficiently effective desorption of the residual gases, 
sufficiently large temperatures are required, which 
significantly reduces the dignity of the cathode.  
If heating is necessary, pulse heating is more 
appropriate [15]. The period of the pulses is 
determined by the degree of vacuum in the device and 
the operating conditions, but is usually made up to 
≈ 10 s. The pulse width depends on the heating 
temperature. Temperature fluctuations lie in the range 
of 420–1270 K. Temperature less than 420 K does not 
very well clean the surface of the cathode. The most 
promising of this kind of mode can be for devices of 
raster type, where the time of the backstroke of the 
beam coincides with the time of cleaning the cathode. 
 

Results 
 

The I–T characteristics of carbon fibers were 
taken for subject and independent measurements with 
the power unit (Fig. 4). It can be seen that some of its  
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Fig. 4.  I–t characteristics of carbon fibers: 
1 – I & T; 2 – linear I & T 

 
graph is low and after a while, the current rises. F–N 
are built on the basis of average current values, as 
current tends to increase/decrease for a long time of 
this experiment. In Fig. 4, a variety of I–t 
characteristics of the electron emission field from 
carbon fiber is shown. 

A striking observation is that fluctuations occur in 
phases of current with a characteristic distribution that 
appears on the form for changing one phase to another. 
Somewhere a certain current pulse will be displayed in 
25 to 65 minutes, despite the fact that the situation may 
vary depending on the state of the sample. 
 

Conclusion 
 

Flicker noise was caused by fluctuations in radio 
communication parameters; one can observe when a 
voltage is applied to an element, or by passing a 
current through it. Flicker noise appears most 
noticeably at low frequencies. The original exploratory 
work was carried out on fibers that were heat treated 
only at 500 °C. These results were very promising; 
however, since their origin was unknown, further work 
was carried out on clearly defined fibers. However, it 
is worth noting that pink noise is an exclusively 
mathematical model, and flicker noise is a real 
hindrance, therefore it is impossible to identify these 
two concepts. If it is necessary to set the relaxation 
time, the characteristic of quasistationary τ is the 
process of measuring the statistical averaging of their 
noise characteristics was enough to spend a certain 
time much more than τ. Fluctuation current sometimes 
flows just as straight as, but it always flows as shown 
in Fig. 4. 
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