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Abstract:

In field emission devices, the emission current sometimes degrades with the time. The mechanism of the

current degradation is complicated. In this paper, a program is used to simulate the movement of the electron beam from a

field emitter. According to the current distribution and the trajectories of the primary electron beam, it is shown that the

residual gas is ionized and the ion pairs are generated. The trajectories of the positive ions are simulated. With the

different locations and kinetic energy of ions, the damage of the emitter surface is analysed and the variation of the profile

of the field emitter is obtained. Finally, the degradation of the emission current is predicted with different gas pressures

and primary electron beam current.
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In the field emission device, the electrons are
emitted from the field emitter. However, the emission
current is not very stable. Sometimes it decreases with
the working time. The variation of the emission current
will cause the shifting of working performance for the
field emission devices''?' .

The degradation of the emission current is caused
by ion bombardment. In the field emission device, the
primary electron beam is emitted from the tip of the
emitter. Due to the residual gas, a few ion pairs are
generated by the electron-gas collisions. The positive
ions are pulled back to the field emitter by the strong
electric field. Due to the bombardment of the
high-energy ions, the surface of the emitter tip is
damaged. The profile of the tip has a variation. As
results, the electric field around the tip also has a
perturbation. Because the emission current density is
very sensitive to the electric field, the emission current
can have degradation because of the ion bombardment.

Some methods have been proposed to protect the

field emitter .

However, the mechanism of degra-
dation of the emission current is not well known. This
article uses simulation programs to analyse the
degradation of emission current. Firstly, the current
distribution and the movement of the primary electron
beam are simulated. According to the simulation
results, the ionization efficiency of the residual gas is

calculated. The initial conditions of the positive ions

Received 2002-09-06.

field emitter, degradation of the emission current, ion bombardment

are also determined. The trajectories of these positive
ions are simulated. With the different locations and
kinetic energy of the ions, the damage of the emitter
surface is analysed. The degradation of the emission
current because of the profile variation of the tip is

predicted.

1 Simulation Model of the Degradation of
the Emission Current Caused by Ion
Bombardment

In the electrostatic field, it is usually said that the
charge mass ratio can be made to disappear from the
trajectory equation. Hence, the trajectories of ions
should be the same as that of electron in the
electrostatic field> . In the field emitter device, all of
the positive ions should bombard on the tip of the
emitter. However, in the practical application, the
initial velocity of the positive ion is not zero. It is also
different from that of the primary electron. Therefore,
the charge mass ratio influences the trajectory of the
charged particle. The movements of positive ions are

not the same as the primary electrons.
1.1 Simulation of the primary electron beam

To analyse the effect of the ion bombardment, the
behaviors of the primary electron beam must be
obtained first. In our calculation, the space charge
effect is ignored. Therefore, the distribution of the

potential can be obtained by solving Laplace equation.
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represent the different electrodes.

After the calculation of the potential, the electric
field at arbitrary point can be estimated with the
interpolation method. The emission current density of
the field emitter is obtained from Fowler-Nordheim

formula®’
2

3
J = 1.54%10° (ﬁtff—y)exp( 687 x 10 W)
(A/cnt’) (2)
where E is the electric field at the tip in V; v(y) and
> (y) are electric field dependent elliptical functions;
¢ is the work function of the emitter material in eV; vy,

the image charge lowering contribution to the work

function, is given by y = 3.79 x 10™* E%/Sﬁ With an
approximation over the operation range of most
cathodes, it is generally assumed that t*(y) = 1.1
and v(y) = 0.95 — »*.

In the simulation, the surface of the field emitter
is divided into a few elements. The electrons are
emitted from the surface elements. However, the
distributions of these electrons to the ionization are
different. The emission currents are regarded as the

weighted factors.

11
Lm
o
%)

icg

‘,,

Fig.1 Surface element for the electron trajectory

In Fig.1, J is the current density and ds is the
area of the emission element, J - ds is the weighted
factor of the trajectory. From the motion equations, the
trajectories of the electrons and ions can be obtained.

In Cartesian system, trajectories are described as’®
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where m is the mass of the particle; ¢ is the charge of
the particle.

In our calculation, it is suggested that the primary
electron transfers its energy to the ion after the
ionization. Apart from this, the ion also has thermal
velocity, which can be determined by Maxwell-

Boltzmann distribution.

[2.0kT
Uthermal = nm (4)

where k is Boltzmann constant; m is atomic mass unit;

n is the atomic number. The direction of the thermal

velocity is generated randomly.
1.2 Degradation of the emission current

The electrons emitting from the emitter tip are
accelerated by the electric field and move to the anode.
These electrons cause ionization of residual gas atoms
in the vacuum. The number of ion pairs generated per
primary electron per unit length and per unit residual

gas pressure can be expressed as

PP(Vp> = O Vp = Vinn
P(_‘( Vp> = 1 V > Vion

( 1 . 1 P
a( Vp - Vion) ﬂVp—V

(5)
where V is the ratio between energy of the primary

electron and the charge of electron; V,, is the

ionization potential; a, 3, 7 are some constants, which
can be obtained from the experimental curves.

After determination of the initial conditions of the
ions, the movements of the ions are calculated with
Eq. (3). These ions bombard on the surface of the field
emitter and cause the degradation of the emission
current. In this article, we use a semi-empirical model
to estimate the ion damage.

According to the Sigmund model, the number of

atoms leaving the surface of target i
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where ( Z, M), stand for target and projectile atomic

number and mass, respectively; U, is an average bind-

ing energy of escape barrier; € is the reduced energy.

E,
= - 7
€ E, D

where E | is the kinetic energy of the incident ion; FE; is

a normalising constant determined by the atomic mass
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and respective atomic number of the incident ion and

target material. S,(e) in Eq.(6) is the reduced nu-

clear or elastic stopping. It can be well represented by
w0~ S0

2 Degradation of the Emission Current of
the Field Emitter

With the method described in section 1, the
trajectories of the primary electron beam are calculated.
The weighted factor of every trajectory is determined by
its current, which is obtained from Fowler-Nordheim

equation. The primary electron beam is shown in Fig.2.
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Fig.2 Primary electron beam which is emitted from field emitter

After the calculation of the primary electron
beam, the efficiency of ionization and the movement of
positive ions are simulated. Due to the effect of the
getter, some types of the positive ions can be
absorbed. In this study the

bombardment of Ar positive ions on silicon emitter.

article, we only

Fig.3 gives the trajectories of Ar positive ions.
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Fig.3 The ion trajectories for the field emitter

When the ionization happens near the tip of the

field emitter, most of the positive ions are accelerated
and hit on the tip of the emitter. When the ions are
generated in the region in which the potential is high,
such as near the anode, ions are also pulled back to the
emitter. However, most of the ions hit on the lower
part of the emitter. In other words, these ions can not
influence the profile of the tip seriously.

Due to the bombardment of positive ions, a few
materials will fly off from the emitter tip. Therefore,
the profile of the emitter tip has a variation. Fig.4
shows the variation of the tip after ion bombardment.
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Fig.4 The variation of the emitter tip after ion bombardment

The variation of the profile of emitter tip will
change the electric field. It is well known that the
density of emission current is very sensitive to the
electric field. Consequently, the variation of the
emitter tip causes the degradation of the emission
current. Fig.5 to Fig.7 give the degradation of the
emission current with different primary electron beam

currents and different pressures of the residual gas.
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Fig.5 The degradation of the emission current, the primary

electron beam current is 207mA
From these curves, it can be seen that the
degradation of the emission current is determined by
the pressure of the residual gas. If the vacuum
condition becomes poor, more ion pairs are generated.
The emission current decreases quickly.
The degradation of the emission current is also

determined by the working time. With the increment of
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Fig.6 The degradation of the emission current, the primary
electron beam current is 1.57mA
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Fig.7 The degradation of the emission current, the primary
electron beam current is 0.387mA
the time, more materials fly off from the surface of
emitter. As results, the emission current degrades with
the working time, especially for the bad pressure of
residual gas.

The current of primary electron beam influences
the efficiency of the ionization. When the primary
electron beam current is high, more ions are
generated. Therefore, the ion bombardment causes a
large degradation of emission current. The current of
primary electron beam in Fig.7 is the lowest. Hence,

the emission current degrades much slower than that in

Fig.5 and Fig.6.

3 Conclusions

The ion bombardment causes the degradation of
the emission current of the field emitter. However, the
damage from ion bombardment is not well known. This
article simulates the processes of the electron emission,
the ionization, the ion bombardment, and the
degradation of the emission current.

The ions generated near the tip of the field emitter

influence the emission current most seriously. Most of
the ions, which are generated in the region near the
anode, bombard on the low part of the field emitter.
Thus, they do not contribute a lot to the degradation of
the emission current.

The degradation of the emission current is
determined by the pressure of the residual gas. If the
pressure of the residual gas is very bad, a lot of ion
pairs are generated. The emission current of the field
emitter degrades quickly.

With the increment of the working time, more and
more materials fly off from the surface of the emitter.
The emission current decreases with the working time
due to the ion bombardment, especially for the bad
pressure of the residual gas.

The current of the electron beam

primary
influences the ionization efficiency. When the primary
electron beam current is high, more ions are
generated. Therefore, the emission current decreases
faster than that with low primary electron beam

current.
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