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Abstract

The relations between the applied potential and electron current density, ion

concentration near the cathode, field due to space charge and current multiplication factor

are studied in microdischarge for noble gases. So, all these parameters studied at different

values of the effective secondary emission coefficient y for Argon gas. We found that all

these parameters proportional inversely with ionization energy and increase with y .

1. Introduction

Microdischarge is defined as the

discharge has length between

gap
electrodes less than 1 mm [1]. Micro-

plasma is introduced by the reducing the

dimension of the gab length between

electrodes to the sub- millimeter

range[1,2]. When a device has gap

length between electrodes less than 1

The research is a part of Ph.D. dissertation in the case of the first

researcher.

89



Al-Qadisiyha Journal For Science

Vol.20 No.%2 Vear 2015

mm, the device called micro-
plasma device [2].
When between

the distance

electrodes less than 10 um, this lead to
breakdown at applied voltage less than
by

(relationship between breakdown voltage

predicated Paschen’s law

and gas pressurexdistance between
electrodes). At this scale, it is unclear
how the field emission affects other
fundamental plasma properties, therefore
the Paschen’s law fails at this scale due
to the electron field emission [1].
has

Microdischarge many

applications including lighting,
advantageous environmental of sensing,
gas sensor, chemical synthesis and
material processing [2,3].

An analytical calculation was
carried out to calculate the Electron
current density, ion concentration near
the cathode, field due to space charge
and current multiplication  factor
depended on Rumbach and Go model[1].
We are studied the variation of these
parameters with deferent values of the
effective secondary emission coefficient
which can be define as the number of the

secondary electrons leave the cathode

90

surface per positive ions bombarded the

cathode surface[4].
2. Theory
The electron current density j,,

inside vessel which is containing two
electrodes with gap distance x , can be
written by an ordinary differential
equation, which is a study state

equation[ 5]

dj )

—L = (1

i Je (1

where o is the Townsend’s first

ionization coefficient.

the total current j, ,is sum of the
electron current density j, and ion
current density j,

Q)

at the study state, the total current is

jtot = je + ji

constant at any point between the
electrodes, therefore we can write

dj dj;
e .3
dx dx )

the current density for either species
(electron and ion) is related with the
number density n and the applied
electric field by[6]

.4

where g and p are the charge and the

Jj=—qnuE

mobility of the species, respectively.
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from Maxwell’s equation, the electric

field can be described by

V.E=-£
e

. (5)

where ¢ is the permittivity of free space
and p is the charge density which is
given by

.. (6)

so in one dimension equation (5) will

p=qn=q(n-n,)

take the form
dE _ i (

dx £,

: (7

n,—n,) ..

Equations (1), (3) and (7)are
formed a system of three first order
ordinary  differential equations that
required three boundary conditions to
solve it.

The first condition: Is that the
cathode is at x=0 and the anode at
x=d” where dis the gap length”.
Therefore, the total voltage between the

electrodes must be

V, = [~ E(x)dx=(d)-(0) ... (8)

where ®(d) is the electric potential at
the anode and ®(0) is the electric
potential at the cathode.

The second condition: Is that the
net ions flux is zero at the anode.

Therefore, the total current at the anode

is due to the electron current , or
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Jo=J:(d) . 9)
The third condition: Is that the
electron current density at the cathode

(X = 0) is defined as

J.0)=y ji+ j(E)+j ...(10)

where y is the ESEC, j is the

background current density and j., is
the current density due to the field
emission which is a function of the

electric field at(x=0),
E =E(0) ...(11)

The field emission current

density is given by Fowler-Nordheim

equation at E, = E(0) [7]

; 2 DFN
JFE(Eo):CFN(ﬁEo) exp(— ﬂ|E|J . (12)

where f is the local geometric field
enhancement factor and C,, and D,

are constant dependent on the work
function of the cathode material and

given by the following equations [8]

e3

C., = ... (13
i (13)
and

4(2m\" (p-E, )"

where m is the electron mass and E; is

the Fermi energy of the cathode material.
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2.1 The analytic solution

From equation (1), we can write

De _gdx ... (15)

Je
By integrate equation (15), we
get
InZe = ax
c

Take the exponential to the both side of

above equation, we get

J.=ce” ...(16)

In the same way, we can prove that
j = c(e“d —e“") .. (17)

where ¢ is constant and can be

determined by wusing the boundary

condition at the cathode.

From the definitions of the drift

relationship for electrons and ions

“equation (4)” one can estimate the

density of electrons and ions such that,

J
n,=——>— . (18)
qu.E

and
J.
n=——>"— ... (19)
qu;E

By using equation (18) and equation (19)
into equation (7), the Maxwell equation
will be

dE _ q[ Ji j.

- +—] ... (20)
qu.E  qu.E

dx g,
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But u u, (1, =10004,), therefore,

we can neglect the second term in

equation (20), then

dE__Ji o
dx e.uE
rewrite  equation (21) by using

E=V,/d and equation (17)

dE c ad ax
—_— - .22
dx soui(VA/d)(e ) @)
Integrating equation (22) as the
following
E(x) X c ad ox
dE = — " - d
e [ -
or
c od 1 ox :|
E(x)-E =——| x¢* ——(e” -1
AT o R
, therefore
1
E(X):é[xe“d ——le™ -1 }+Eo
go.ui(v;\/d) a ( )
... (23)

In order to calculate the total voltage
between the tow electrodes we use
equation (23) into equation (8), taken x
to be change from 0 to d (the gap
length)

o go:ui(VA/ d)
, therefore



Al-Qadisiyha Journal For Science

Vol.20 No.%2 Vear 2015

E-Ya, ¢ {d—zead +l(1—e‘“)+i}

d epV,| 2 o’
. (4)

Let

... (26)

But the field at the cathode is equal to
the sum of applied electric field, E, and
the field emission due to the space

charge E__, such that

sc?

E, =%+E$C .. (27)

By making a simple comparison between
equation (26) and equation (27), we
fined that

E_=cA ...(28)

where E_, is the field due to the space
charge, we not that A (equation 25) is
depend on the first Townsend’s

ionization coefficient ¢ which can be

a

taken from the following empirical

formula [9]

D, |2
o = D, pe \FE ... (29)

where pis the gas pressure, E is the
applied electric field and D, and D, are

empirical constants taken from the table
(D91

The electron current density j.at the
cathode (boundary condition x=0)
could be hold from equation (16), since
j.(0)=c ...(30)

And for the ion current density j. from
equation (17), where

ji0)=cle* 1) ...31)

By using equation (26) into equation
(12), the current density due to the field

emission will be

.. (32)

Table (1) The values of empirical constants D, and D, values for the analytical model of

the first Townsend ionization coefficient for noble gases[9].

Gas D, D, D, D,

m'Pa”! VPm2Pa™? | em'torr™ V72 em™ torr
He 33 12.1 4.4 14.0
Ne 6.2 14.7 8.2 17.0
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Ar 21.92 23.01 29.22 26.64
Kr 26.76 24.43 35.69 28.21
Xe 48.98 31.25 65.30 36.08

Using the definitions in equations (30),
(31) and (32) into equation (10), we get

c= y[c(e"d - 1)]+ CFN{[;(% " CAHZ ’

DFN

exp v + 7, (
ﬁ[;+cAj

if the field due to the space charge less

33)

than the applied field ( E,, = cA %) ,

then equation ( 33) will take the form

o=rlde -t %] -

Jre (%} =Chy {ﬂ(%)} eXp| — D—g
%)
... (37)

So the electron current density (j,,) can

be estimated by equation (36) into

equation (16),

ead|:jFE (‘;Aj + J:I
1- y(e“d - 1)

And by using equation (36) into

... (38)

jtot = je =

equation (17), to obtain the ion current

density is
o ox b V b
. (e ‘-e {JFE(dAj'F Joi|
Ji = l—y(e“d —1)
... (39

inserting equation (39) into equation

(19), ion concentration has been given

by
(e - e“*)[jm (%] JL}
d .. (40)

o[ i)

n, =
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put equation (36) into equation
(17), we get the field emission due to the

space charge E_ such that

. (V. .
Jre [dAj"‘ J
E_ = y A
‘ l—yie“ —li

use equation (25) into equation (41), E_,

.. (41

can be expressed as the

follows,

. (V, .
Jre (;j +
= X

2
1 |:d_ead +L2(1_ eax)+£j|
euV, 2 o o

... (42)

The multiplication factor M is
defined as the ratio between the total

electron current density j,, to the

current density due to the field

emission j ., therefore we can write

M=de @3

JrE
getting use of equation (38) and
equation (43), the current multiplication

factor take it the formula,
M = ... (44)
Where j..)) J.

3. Results and Discussion

The results have been estimated

by using 4.65eV work function for
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copper electrodes. Electron current
density, ion concentration, field due to
space charge and multiplication factor
have been calculated as a function of
applied voltage for all noble gases (He,
Ne, Ar, Kr and Xe).

Figure (1) shows the relation
between electron current density and
applied potential (voltage) for noble

gases with 3um gap between electrodes,

it shows that the atom with less mass has

less current density because the first
Townsend’s coefficient (ct) has a large

value for lighter mass atom. The figure
also shows no current density when the
applied voltage less than (120 v), the
current density increase as the voltage
increase.

In figure (2) the ion
concentration near the cathode has been
calculated from equation (40), is plotted
as a function of potential applied on the
electrodes , this figure shows the same
tendency as in figure (1).

Figure (3) illustrated the field
emission due to the space charge as a
function to the applied potential for
different noble gases. Also the field
emission due to the space charge

increase as the voltage increase.
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Figure (4) shows the -current gases at distance between -electrodes
multiplication factor versus the applied 3pum with gas pressure 760 Torr .
potential for noble gases at distance

between electrodes 3um for gas

pressure 760 Torr .

10" 4 —=—He
]0'71 —&—Ne

We found that all thesparameters

10"
10”4
10" 4
10" 4
10 4
10" 4
10" 4
10’4
10° 4
10" 4
10° 4

—¥—Kr
—o—Xe
p=760 Torr
d=3pm

proportional  inversely =~ with  the
ionization energy of the gas.
Figures (5), (6), (7) and (8) are

represent the electron current density,

. -3,
Ion concentration near cathode,n, (cm™)

the ion concentration near the cathode, R W o mww
Applied potential V (v)

the field emission due to the space i i ,
Figure (2): The ion concentration near

charge and the current multiplication the cathode versus the applied potential
for noble gases at distance between

electrodes 3um for gas pressure
for different values of ESEC, 760 Torr .

factor as a function of applied potential

respectively. It has been found that all
these parameters increase with the ESEC

increasing.
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Figure (1): The electron current density
versus the applied potential for noble
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Figure (4): The current multiplication
factor versus to the applied potential for

noble gases at distance between
electrodes 3um for gas

pressure 760 Torr .
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Figure (5): The electron current density
versus the applied potential for Argon for

v =(0.001,0.010 and 0.040) at distance
between
pressure 760 Torr .

electrodes 3um  for gas

300
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Figure (6): The ion concentration near the
cathode versus the applied potential for

Argon for y =(0.001,0.010 and 0.040) at
distance between electrodes 3um for gas
pressure 760 Torr .

Field due to the space charge,E . (V/m)

10° T T T T T T T T T T
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Figure (7): The field emission due to the
space charge versus the applied potential for

Argon for ¥ =(0.001,0.010 and 0.040) at
distance between electrodes 3um for gas
pressure 760 Torr .
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2
2

s
1

Current multiplication factor j . /j.

Applied potential V,(v)

Figure (8): The current multiplication
factor versus the applied potential for
Argon for y=(0.001,0.010 and 0.040)

at distance between electrodes 3um for
gas pressure 760 Torr .

Conclusions
1- The number of electrons emission,
the ion concentration near the
cathode, the field emission due to the
space chargeand the current
multiplication factor equation from
the cathode surface due to impact
positive ions increase with decreasing
of the ionization energy of noble
gases.
2- All these parameters increase with the
effective secondary emission

coefficient y .
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