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Abstract

In this work an axisymmetric diode electron-optical sys-
tem based on a field emitter is simulated. The field emitter
in the form of a thin filament of finite length is located on
the flat substrate with the dielectric layer. The anode is a
plane. The electrostatic potential distribution was found in
an analytical form — in the form of Fourier-Bessel series
in the whole area of the system under investigation. The
coefficients of Fourier-Bessel series are the solution of the
system of linear equations with constant coefficients.

INTRODUCTION

The field emitters as a nanostructured materials with
nanometer-scale sharp tips are extensively applied in the
various domains of nano-scale electronic devices [1]- [3].

This article is devoted to the modeling of the axially
symmetric emission diode system on the field emitter ba-
sis [4]. The field emitter is a thin filament of finite length
on the flat substrate [5S]. The cathode substrate is coated
with a dielectric layer. The anode is a plane. Fig. 1 shows
a schematic representation of the diode system. The poten-
tials of the emitter and substrate are zeros.

To find the distribution of the electrostatic potential
U(r,z) the variable separation method in the cylindri-
cal coordinates (r, z) for the axially symmetric system is
used [6].

The problem parameters:

r = R; — the radius of the system region,
z = 0(0 < r < R;)— the surface of the emitter substrate,

z = Z1 (0 < r < R;) — the boundary between two di-
electrics,

Z5 — the emitter length,

z = Z3 (0 <r < Ry) — the anode surface,

U(r,0) = 0 (0 < r < R;) — the boundary condition at
the substrate,

U(0,2) = 0(0 < z < Zy) — the boundary condition at
the emitter,

U(Ry,2) = f1(2) (0 < z < Z3) — the boundary condi-
tion at the surface » = Ry,

U(r,Z3) = f2(r) (0 < r < Ry) — the boundary condition
at the anode.
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MATHEMATICAL MODEL

The electrostatic potential distribution U (r, z) is the so-
lution of the boundary value problem for the Laplace equa-
tion

AU(r,z) =0

U(r,0)=0, 0<r<Ry;

U0,2)=0, 0<z< Zo; (1)

U(R1,2) = fi(z), 0<z< Zs;

Ul(r,Z3) = fa(r), 0<r <Ry

The conditions on the the boundary z = Z; between two
dielectrics with the the dielectric constants 1 and g can be
written as:

— continuity conditions of the potential distribution

U(r, z)
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— the normal derivative of the electric displacement vector
continuity conditions
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SOLUTION OF THE BOUNDARY - VALUE
PROBLEM

To solve the boundary value problem (1)—(3) the interior
of the diode system can be divided into three subdomains:

1— 0 <r <Ry, 0< 2z < Z) with dielectric
constants €1,

2— 0 < r < Ry, Z7 <z < Zy with dielectric
constants €,

3— 0 < r < Ry, Zy < z < Z3) with dielectric
constants €.

Then the potential distribution U(r, z) for 0 < r < Ry
can be represented as:

Ui(r,z), 0<z2< 27,
Ur,z) =4 U2(r2), Z1 <2< 2, )
Ug(T,Z), Z2 SZSZS
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Figure 1: Schematic representation of the diode system.
According to the variable separation method functions  at the surface » = R?; can be calculated as:
(4) Uy(r, z) (i = 1,2, 3) are the Fourier-Bessel series:
> sinh (u1 ,2) — /f1 sin (v 2) dz,
Ui(r,z) = Ap—r—5T n
1(r, 2) 7; "sinh (p1,,21) 1 (p1,nr) + o
> I (V1) .
+ B,,————*sin (vy2), D. — /
mZ=1 Il (Vle) m Z2 — Zl fl Sln gmz) (8)
b (i (Z G = / f1(2) sin () d
— m= = z) sin (ny2) dz.
(r, 2) Z sinh (p1,n(Z2 — 2)) Zs — Zs 1 n
— " sinh ( (p1,n(Z2 — Z4)) Z
sinth (p1p (2 — Z1)) p ©) The coefficients F,, for the p'o'tentlal distributions
n ik ( Z=70) 1 (pa,nr) + Us(r, z) (7) from the boundary conditions (1) at the anode
SR 1,022 ! surface z = Z3 can be calculated as:
Il fm’f'
D m -7 )
+ Z ngl) sin (&m (2 1)) 5 Ry o |
in/rfér]o,ug,r dr. ©))
" R% Jg (Yo,n) 2 "
Us(r, z) = Z E, ?inh (Ho,n(Z3 — 2)) To find the coefficients A,,, C,,, E,, the continuity con-
el sinh (po,n(Z3 — Z2)) ditions can be used. The condition (2) is satisfied automat-
ically with the formulas (4)—(6).
sinh (10, (2 — Z2)) @) The normal derivative continuity of the electric displace-
= Jo (o) + o . .
sinh (po,n(Z3 — Z3)) ment vector continuity conditions (3) can be written as

I mT
+ZG : an) n(nm(Z_ZQ))v

where J; (14;,,7) — Bessel functions of the first kind,
Win = 7Vin/R1, vin — the zeros of Bessel functions:
I (), Lo (§m7), To (Nmr) — modified Bessel functions
of the first kind,
Um = Tm/ 27,
Em = mm/(Za — Z1),
N = Tm/)(Z3 — Z3).

The coefficients B,,, D,, and G,, for the potential dis-
tributions U; (7, z) (5)—(7) from the boundary conditions (1)
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z2=27Z

The additional conditions at the boundary z = Z; are:

Uz(r, Z2) = Us(r, Z2), (11
aUQ (T? Z) _ aUg (T7 Z) (12)
82 Z:Z2 a az Z:ZQ

Making use of the orthogonal systems of eigenfunctions,
the formulas (10)—(12) lead to the system of the linear al-
gebraic equations in the unknown coefficients A,,, C,,, E,,.
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CONCLUSION

In this article the axially symmetric emission diode sys-
tem on the field emitter basis is presented. The diode sys-
tem is defined as field cathode — a thin filament of finite
length on the plane substrate and a plane anode. The cath-
ode substrate is coated with a dielectric layer. The variable
separation method is used in the cylindrical coordinates to
find electrostatic potential distribution. To solve the bound-
ary value problem (1)—(3) the interior of the diode system
can be divided into three subdomains (4). The electrostatic
potential distributions for each of the subdomain is found as
the Fourier-Bessel series (5)—(7). Some of the coefficients
(8), (9) are determined from the boundary conditions (1).
The continuity conditions (10)—(12) on the subdomains in-
terfaces are applied to calculate the remaining coefficients
of Fourier-Bessel series as the solution of the linear alge-
braic equations system with the constant coefficients.
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