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Abstract

In microelectronics, semiconductors and automobiles industries, the surface properties
of the adopted materials degrade continuously and also their applications are being constrained
because of the issues of poor corrosion resistance, wear resistance, surface roughness, fatigue
failure, and lower hardness. The performance of a material is determined by its surface
properties. Therefore, in order to explore engineering industries in a greater detail, it is
necessary to minimize hostile environments so that the material surfaces can be protected. One
of the imperative ways to deal with such problems is the plasma-based material processing
through the understanding of plasma-surface interactions. Plasma-based surface treatments are
vitally used to modify the specific surface biological property while bulk properties remain
unaltered. In order to understand the mechanism of plasma-surface interactions, it is necessary
to understand the concept of sheath, which is a thin layer of charged species that is formed

surrounding a metallic conducting surface when it comes into the contact of a plasma.

Electronegative plasma is composed of electrons, negative ions and positive ions. Such
plasmas are being widely adopted for the last two decades because of their expanding
applications in many fields such as spacecraft propulsion, microelectronics industries, thin-film
deposition and sputtering, mass spectroscopy, plasma-based surface processing, and many
more. Such plasmas are preferred for these applications because of relatively less impact of
electrons on the surface of the material under investigation. In many applications, they serve
as ion source because of the requirement of both positive and negative ion beams; these have
also been used in low energy beam applications and also when energetic electrons can produce
destructive effects on the surface. The best method to ward off irregular shapes is the addition
of negative ions to counterbalance the positive ions, assemble on the wafer and also to enhance
the working of materials using in the fabrication of integrated circuits. Electronegative plasmas
are widely adopted for soft substrates to have a defect-free analysis, as they develop immensely

small sheath voltage in comparison with electropositive one.

A large number of theoretical models have been developed to study sheath formation
criterion and behaviour of plasma parameters. However, these models still have some
limitations. For example, in most of the investigations, the researchers assumed the behaviour
of negative ions through their Boltzmann distribution, which is far from the reality due to the
neglect of their mass. Since the difference of mobilities of the positive and negative ions is not

much and it is not appropriate to consider Boltzmann distribution for only negative ions, both
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these ions should be treated at equal footings with inclusion of their masses. Moreover, the
mass-ratio of the ions is also neglected, which plays a crucial role in the sheath formation
process during plasma-based material processing. A very few mathematical models are
available in the literature which investigate the influence of non-extensive distributed electrons
on the sheath characteristics. Therefore, it is desirable to develop new models to study the

realistic situation in a greater detail.

In the present thesis, keeping in mind all the above points, we have developed
theoretical models where the finite mass of ions is considered and the behaviour of both the
positive and negative ions is taken to be governed by the fluid equations. We have also
considered the drift term in the momentum transfer equation of the negative ions to explore the
practical case by taking into account the generalized situation of their different masses from
the positive ions. In view of the realistic situation, the cases of presence and absence of the
negative ions’ drift term has been compared and it is shown that this drift term has a significant
effect on the sheath formation criterion. The impact of negative-to-positive ion mass-ratio on
the behaviour of plasma parameters and sheath characteristics has also been analyzed. We have
established a relation which speaks about the sheath thickness. Our mathematical models have
explained the exact sheath thickness determination and plasma parameters, like potential
profile, the density of the charged species, ions velocity, etc. in the sheath region. The case of
doubly charged ions is also considered herewith. A mathematical model has also been
developed to investigate two-temperature non-extensive distributed electrons in the
electropositive warm plasma having finite collisions and ionizations. Some singularities were
encountered in the mathematical treatment, which have been discussed in detail and are
removed while applying appropriate boundary conditions. One of the important results is the
absence of oscillatory structure of the potential when the negative ions are described by their
fluid equations (as that of the positive ions), instead of their Boltzmann distribution as assumed
by the other workers. In magnetized collisional electronegative warm plasma if the magnetic
field is strong, then the profile of positive-ion density near the sheath edge has shown a pulse-
like structure for the case when we neglect the components of the positive ions’ velocity
parallel to the probe/wall at the sheath edge. This pulse-like structure disappeared when all the

components of the positive ions velocity at the sheath edge have been included.

The outcome of this thesis would be advantageous in the experiments like plasma-based
material processing where higher potential gradient is preferred to have a better thin films

formation, since the positive ions are accumulated within a short region and results in preferred
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thin film formed. These results would help experimentalists to select a particular plasma for a
specific application. These results would help to understand those experiments where the
negative ions are intentionally added to counterbalance the positive ions to ward off irregular
shapes. Such results would enhance the working of materials used in the fabrication of
integrated circuits. It is also expected to play a significant role in understanding astrophysical
plasmas and plasma reactors at low-pressure conditions, where two types of the electrons are
formed and the density distribution of these species is far from their usual Boltzmann
distribution. The problem of communication blackout, which is occurred when a hypersonic
speed is attained by space vehicles during their travelling through the atmosphere, can also be

addressed.
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different temperature ratio of negative ions to electrons (yy).

Figure. 2.12: Variation of normalized net space charge density with the normalized distance

from the surface of the probe for different negative ion temperature, when % =0.275, Ny =
P

4,rp=100and Zp = Zn = 1.

Figure. 2.13: Variation of gradients in positive ion density and negative species’ densities with
the normalized distance from the surface of the probe for y, = 0.1 and the other parameters the

same as in Fig 2.12.

Figure. 2.14: Variation of first derivative of normalized net space charge density with the
normalized distance from the surface of the probe for different negative ions temperature, when

N = 0.275, Nyo = 4,1, = 100 and Zp = Zn = 1.

P

Figure. 3.1: Sheath thickness profile as a function of y, for different yy when K =2, Z, = 1,
Zy =1, Mp =69, My =19, Nyo =2, p =100 and &p = 10.

Figure. 3.2: Sheath thickness profile as a function of Ny, for different #when K=2,2Zp=1,
P

Zy=1,yp=0.1, yy =0.25 ¢p =100 and &, = 10.

Figure. 3.3: Sheath thickness profile as a function of y, for different y, when K =1, Z, = 1,

Zy =1, Mp =69, My =19, Nyo =2, p =100 and &, = 10.

Figure. 3.4: Comparative study of sheath thickness profile for fluid approach and Boltzmann
distribution as a function of yp when K=2,Z, =1,Zy =1, Mp =69, My =19, Nyo =2, Yp =
100 and &, = 10.

Figure. 3.5: Comparative study of sheath thickness profile as a function of y, for
electropositive and electronegative plasma when K = 2, Zp, =1, ¥ = 100 and &, = 10 for
electropositive plasmaand K =2, Z, =1,Zy =1, Mp =69, My =19, Nyo =2, yny = 0.15, ¥p

=100 and &p = 10 for electronegative plasma.
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Figure. 3.6: Comparative study of sheath thickness profile as a function of Ny, for singly and
doubly charged ions when K =2, Mp =69, My =19, y, =0.1, yy =0.25, ¥ =100 and &, =
10.

Figure. 4.1: Normalized positive (a) and negative (b) ions’ velocity profiles as a function of

normalized distance from the plasma sheath boundary to probe/wall surface for different initial

values of negative ions’ velocity at the sheath edge (Uy,) when # =0.275,y =—-1,yp =0.1,
P
Yn =015 a=0.25Upy=1,Zp=1and Zy = 1.

Figure. 4.2: Density profile of positive and negative ions’ species in the different collisional

environment with # =0.275,y, =0.1,yy =0.1, Zp, =1 and Zy = 1. Here, solid, dashed and
P

dash-dot lines correspond to a = 0.03, @ = 0.25 and a = 0.5, respectively.

Figure. 4.3: Normalized positive ions’ velocity profile as a function of distance from the

plasma sheath boundary to probe/wall surface for different collisions parameters (@) with y =
0, ’;—’Ij =0.275,7p =0.1, yy = 0.1, Zp = Land Z = 1.

Figure. 4.4: Normalized positive ions’ velocity profile as a function of distance from the
plasma sheath boundary to probe/wall surface for different mass ratio of negative to positive
ions (Z—:) withy =0, @ =0.03,yp = 0.1, yy =0.1, Zp = L and Zy = 1.

Figure. 4.5: Normalized positive ions’ velocity profile as a function of distance from the
plasma sheath boundary to probe/wall surface for different temperature of positive ions (yp)
withy =0, a = 0.5, Z—:: 0.5, 7y =0.1, Zp = 1and Z = 1.

Figure. 4.6: Normalized positive ions’ velocity at probe/wall surface as a function of the
dimension-less parameter (y) for the different collisional parameter () with Z—:’ =05, yp =
0.1,yy=01,Zp=1and Zy = 1.

Figure. 4.7: The behaviour of normalized electric potential as a function of distance from the

plasma sheath boundary or sheath edge to probe/wall surface for the different mass ratio of
negative to positive ions (#) withy =0, a=0.03,y,=0.1,yy =01, Zp, =1and Zy = 1.
P

Figure. 4.8: A comparative study of normalized electric potential as a function of distance
from the plasma sheath boundary or sheath edge to probe/wall surface for the behaviour of
negative ions by fluid approach and Boltzmann distribution for the different collisional

parameter (a) with # =0.275,y =0,y =0.1, yy =0.1, Z, = 1 and Zy = 1. Here, light and
P

bold lines correspond to Boltzmann distribution and fluid approach, respectively.
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Figure. 4.9: A comparative study of normalized electric potential as a function of distance
from the plasma sheath boundary or sheath edge for the behaviour of negative ions by fluid
approach and Boltzmann distribution for the different temperature of positive ions (yp) with y

=0, a =0.03, # =0.5,yy =0.1, Z, =1 and Zy = 1. Here, solid, dotted and dash-dot lines
P

correspond to y» =0, 0.25 and 0.5, respectively.
Figure. 4.10: A comparative study of normalized density as a function of normalized distance

from the plasma sheath boundary to probe/wall surface for the behaviour of negative ions by

fluid approach and Boltzmann distribution with % =0.275,yp=0.1, Yy =0.1, a =0.25, Zp =
P

1 and Zy = 1. Here, light and bold lines correspond to Boltzmann distribution and fluid

approach, respectively. Solid and dash-dot lines correspond to positive and total negative

species’ densities, respectively.

Figure. 4.11: A comparative study of sheath thickness as a function of the dimensionless

parameter (y) for the behaviour of negative ions by fluid approach and Boltzmann distribution

for the different collisional parameter (a) with # =0.275,yp=0.1,yy =0.1, Zp =1 and Zy
P

= 1. Here, light and bold lines correspond to Boltzmann distribution and fluid approach,

respectively. Solid, dashed, dash-dot and dotted lines correspond to @ = 0.005, 0.03, 0.25 and

0.5, respectively.

Figure. 4.12: The behaviour of sheath thickness as a function of negative ions’ temperature for

different negative ions’ concentration with y =0, % =0.275,a=05,y,=0.1,Z, =1and Zy
P

=1

Figure. 4.13: Normalized electric potential profile as a function of normalized distance from

the plasma sheath boundary to probe/wall surface for different cases of collision cross section

at the ion sound velocity for both the ions when % =0.275,y=0,y,=0.1,yy =015, a =
P

0.25,Zp=1and Zy = 1.

Figure. 4.14: A comparative study of normalized sheath thickness as a function of the

dimensionless parameter (y) for the cases of different (o, # ay) and same (op = gy) Cross-

sections of the ions and different (v, # vy) and same (vp = vy) collisional frequencies of the

ions when # =0.275, 7 =0.1, 7y =0.15, @ =0.5, Z, = L and Zy = 1.
P
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Figure. 4.15: A comparative study of normalized sheath thickness as a function of the

dimensionless parameter (y) for the singly changed ions (Zp =1 & Z, = 1) and doubly charged
ions (Zp =2 & Zy = 2) with % =0.275,y, = 0.1, yy = 0.1 and @ = 0.5.
P

Figure. 4.16: Variation of normalized positive ion velocity (a), electrostatic potential (b),
charged species densities (c) and net space charge density (d) with normalized distance from

the sheath edge (&) for different collisional parameters () when § =0.005, Zp =Zy =1, yp =
vy = 10, # = 0.5, Nyo =2,y =0, A =0.0005, D =0.0015 and ¥ (épp) = 25. Comparative
P

study of the sheath thickness for y = 0 and —1 as a function of the collisional parameter is
depicted in (e). In Fig. 4.16(c), solid, dash-dot and dotted lines correspond to a« = 0.01, 0.1 and
1, respectively. Here, dark and light lines are represented for positive and negative species
density profile, respectively.

Figure. 4.17: Variation of normalized charged species densities (a), electrostatic potential (b),
positive ion velocity (c) and net space charge density (d) with normalized distance from the

sheath edge (&) for different electronegativity (Ny,) when 6 =0.005, Zp = Zy =1, yp =Yy =
10, # =05 a=0.01,y=0,A4=0.0005, D =0.0015 and ¥, (épp) = 25. Comparative study
P

of the sheath thickness for y = 0 and —1 as a function of electronegativity is depicted in (). In
Fig. 4.17(a), solid, dash-dot and dotted lines correspond to Ny, = 1, 5 and 10, respectively.
Here, dark and light lines are represented for positive and negative species density profile,
respectively.

Figure. 4.18: Variation of normalized electrostatic potential (a), positive ion velocity (b) and

charged species densities (c) with normalized distance from the sheath edge (&) for different

temperature ratio of electrons to negative ions (yy ) when § = 0.005, Zp = Zy =1, yp = 10, b}

N
Mp
=05, a=0.01,Ny,=2,y =0, A=0.0005, D =0.0015 and ¥, (épp) = 25. Comparative study
of the sheath thickness for y = 0 and —1 as a function of temperature ratio of electrons to
negative ions is depicted in (d). In Fig. 4.18(c), solid, dash-dot and dotted lines correspond to
vy = 2, 4 and 10, respectively. Here, dark and light lines are represented for positive and
negative species density profile, respectively.

Figure. 4.19: The behaviour of normalized positive ion velocity (a), electrostatic potential (b),

charged species densities (c) and net space charge density (d) with normalized distance from
the sheath edge (&) for different mass ratio of negative to positive ions (#) when § = 0.005,
P

Zp=Zy=1yp = yy =10, =0.01, Nyo =2,7 =0, A = 0.0005, D = 0.0015 and p (&pp) =
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25. Comparative study of the sheath thickness for y = 0 and —1 as a function of mass ratio of

negative to positive ions is depicted in (e). In Fig. 4.19(c), solid, dash-dot and dotted lines

correspond to % =0.275, 0.5 and 1, respectively. Here, dark and light lines are represented
P

for positive and negative species density profile, respectively.
Figure. 4.20: The behaviour of normalized positive ion velocity (a) and electrostatic potential

(b) as a function of normalized distance from the sheath edge (&) for different temperature
ratio of electrons to positive ions (yp) when § = 0.005, Z, = Zy =1, yy = 10, % =05, a=
P

0.01, Nyo =2,y =0, A =0.0005, D = 0.0015 and yp(épp) = 25. Comparative study of the
sheath thickness for y = 0 and —1 as a function of temperature ratio of electrons to positive

ions is depicted in (c).

Figure. 4.21: Behaviour of normalized electrostatic potential (a), positive ion velocity (b) and
net space charge density (c) as a function of normalized distance from the sheath edge (&) for

My

different non-neutrality parameter (8) when Z, = Zy =1, yp = yy =10, a = 0.01, o 0.5,

P

Nyo =2,y =0, A=0.0005, D =0.0015 and ¥ (épp) = 25. Comparative study of the sheath
thickness for y = 0 and —1 as a function of non-neutrality parameter is depicted in (d).
Figure. 4.22: Comparative study of normalized electric potential as a function of normalized

distance for vy, > Vger > Vair aNd Vger > Ver > Vion When § =0.005, Zp, = Zy =1,y = -1,

My =05, yp = yy =10, a = 0.01, Ny, = 2 and ¥p(pp) = 25.

Mp

Figure. 5.1: Normalized values of the lower allowed ion velocity at the sheath edge, i.e.
Upo i @S @ function of the non-extensive parameter (q) for (a) different values of the
collisional parameter () and non-neutrality parameter (&) with @ = 0.1 and § = 0.025 (curve-
1), «a=0.1and 6 = 0.05 (curve-2) and « =1 and & = 0.05 (curve-3) when a, = 0.6, y»; = 0.1,
T, =02¢eV, T, =6¢eV, T, =2¢eV and Z, = 1; (b) for different values of the cold electron
density (a.) and ion temperature (Tp) with a. = 0.3 and Tp = 0.2 eV (curve-1), a, = 0.6 and
Tp =0.5eV (curve-2) and a. = 0.6 and Tp = 0.2 eV (curve-3) when § = 0.05, « = 1, ¢y = 0.1,
T, =6eV,T.=2eV and Z, = 1; and (c) for different values of the hot electron temperature
(T) when @, =0.6, 6§ =0.05, a=1,¢y;=0.1,T, =02¢eV, T, =2eVand Zp, = 1.

Figure. 5.2: Normalized values of the allowed band for the ion velocity at the sheath edge as
a function of the initial electric field at the sheath edge (y;) when a. = 0.6, 6 = 0.05, a = 1,
T, =0.2eV, T, =6¢eV, T, =2eV,q=0.1and Z, = 1. Here, curve-1 and curve-2, respectively,

correspond to Upq,,,,. and Upq ;.-
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Figure. 5.3: Normalized densities of electrons (curve-1) and ions (curve-2) as a function of the
normalized distance from the sheath edge (&) for () Upg < Upq,;,,, 1-€. 0.55; (b) Upy >
Upo pyqy 1€ 1.35; and (C) Upo,,;,, < Upo < Upg,;,,, 1-6. 0.7 When a, = 0.6, 6 = 0.05, a = 1, ¥
=01, Tp=02eV, T, =6¢V,T.=2eV,q=0.25and Z, = 1.

Figure. 5.4: Variation of electric potential with the normalized distance from the sheath edge
(&) for (a) different values of the cold electron density (a.), collisional parameter (a) and
non-neutrality parameter (§) with . = 0.7, « = 0.1 and § = 0.05 (curve-1), a. = 0.3, « = 0.1
and 6 = 0.2 (curve-2), a, = 0.3, a =0.1and § = 0.05 (curve-3) and a, = 0.3, a =1and 6§ =
0.05 (curve-4) when 3 =0.1, T, =0.2eV, T, =6eV, T, =2¢eV,q=0.1and Z, = 1; and (b)
for different values of the ion temperature (Tp), hot electron temperature (7}) and non-
extensive parameters (q) with T, =6 eV, T, =0.2eV and g =0.99 (curve-1), T, =2 eV, Tp =
0.2eV and g =0.25 (curve-2), T, =6 eV, Tp = 0.8 eV and g = 0.25 (curve-3) and T}, = 6 eV,
Tp =0.2eV and q = 0.25 (curve-4) when a, = 0.6, 6 =0.05, « = 1,3 =0.1, T, =2 eV and Z,
=1

Figure. 5.5: Normalized sheath thickness as a function of the (a) cold electron density (a.) for
different values of the collisional parameter (a) and non-neutrality parameter (&) with @ =1
and 6 = 0.05 (curve-1), ¢ =0.1and & =0.05 (curve-2) and « = 0.1 and 6§ = 0.2 (curve-3) when
Yy=01,Tp=02eV,T,=6¢eV, T, =2¢V, q=0.1and Z, = 1; and as a function of the (b)
non-extensive parameter (q) for different values of the ion temperature (Tp) and hot electron
temperature (T}) with T,, = 10 eV and Tp = 0.2 eV (curve-1), T,, =10 eV and T, = 0.8 eV
(curve-2) and T, =6 eV and T, = 0.2 eV (curve-3) when a, = 0.6, 6 = 0.05, a = 1, ¢, = 0.1,
T.=2eVand Zp, = 1.

Figure. 5.6: Behaviour of Up, as a function of the non-extensive parameter (q) for (a) different
values of the collisional parameter (o) when Yy = 0.1, Nyo =5, yp = 10 and yy = 10; (b) for
different values of electronegativity (Nyo) when {5 = 0.1, a = 0.1, yp =10 and yy = 10; (c)
for different values of negative ion temperature (yn) when Yy =0.1, a = 0.1, yp =10 and Ny, =
5; and (d) for different values of positive ion temperature (yp) when i = 0.1, a = 0.1, yy =
10 and Ny, =5.

Figure. 5.7: Behaviour of charged species densities, i.e. Np, Ny and N, as a function of
distance from the sheath edge to probe/wall position for different values of (a) yp = 5 and (b)

vp =25 when {5 = 0.1, a = 0.1, y5 = 10, q = 0.5 and Ny, = 2. Behaviour of net space charge
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density, Nyt (C) as a function of distance from the sheath edge to probe/wall position for

different values of yp with the similar aforesaid parameters.

Figure. 5.8: Behaviour of (a) electric potential () and (b) positive ion velocity (Up) as a
function of distance from the sheath edge to probe/wall position for different values of

collisional parameter (o) when iy = 0.1, ¥y =10, yp =15, q =0.5and Ny, =5.

Figure. 5.9: Comparative study of charged species densities as a function of distance from the
sheath edge to probe/wall position for electropositive (thin lines) and electronegative plasma
(thick lines) when Yy = 0.1, ¥y =10, yp =5, q=0.5and a = 0.1. Here, Ny, = 0 corresponds

to electropositive plasma.
Figure. 6.1: Geometry of the system.

Figure. 6.2: Minimum allowed values of z-component of positive ion velocity at the sheath
edge, i.e. Upgy,,;,, for (a) distinctive non-neutrality parameter (§) with @ =1and g =04, a
=landg=0.75anda=25andg=04whenZp,=1,Zy=1,¢;=0.1,y5y=02,y,=0.1,0
=30, C =1, Ny, =2 and ag = 1.2869; (b) distinctive initial electric field at the sheath edge
(¥p) with yp =0.01 and y = 0.05, yp =0.01 and yy = 0.2 and yp = 0.1 and y, = 0.05 when
6=005a=1,Zp=1,Zy=1,Nyo=2,9q=0.4,60 =30,C=1and az = 1.2869; (c) distinctive
incidence angle of magnetic field () withC=1,C=5/3and C=3when § =0.05,a =1, Zp
=1,Zy=19=0.1,yy=0.2,¥p=0.1,q = 0.4, Nyo =2 and ap = 1.2869; and (d) distinctive

negative ion background density (Nyo) with Upg, = Yosinb

and Upg, = 0 when § = 0.05, a =

1,Zp=1,Zy=1,9y=01,yy=0.2,y,=0.1,¢q=0.4,6 =30 and ay = 1.2869.

Figure. 6.3: Impact of boundary conditions (the components of positive ions velocity parallel
to the probe/wall at the sheath edge) on the positive ion density (a) and negative species
densities (b) as a function of distance from the sheath edge with Upq, = Upy, tand and Upg,, =

P4 sin@

ap

Upoy = 0 (dashed line) and Upo, = 0 and Upy, = 0 (dotted line) when § =0.05, a =1, Zp = 1,
Zy=1,93=0.1 Nyo=2,yy=02,yp=0.1,¢=0.7,0 =30, C=1and ap = 1.2869.

Figure. 6.4: Impact of boundary conditions (the components of positive ions velocity parallel

Y{sin@
ap

(solid line), Upgy = 0 and Up,, =

(dotted-dashed line), Upg, = Upy, tand and

to the probe/wall at the sheath edge) on x-, y- and z-components of positive ion velocity with

Pgsin @
ap

UPOX == UPOZ tan9 and Upoy == (a), UPOX == O and Upoy = O (b), UPOX == UPOZ tang and
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Upoy = 0and Upg, = 0and Upgy, =0 when § =0.05, a =1,Zp =1, Zy =1,y = 0.1, Nyo =
2,yy=02,y,=0.1,g=0.7,6 =30, C=1and ap = 1.2869.

Figure. 6.5: Profiles of electric potential (a) and positive ion density (b) as a function of
distance from the sheath edge with distinctive strength of the magnetic field (az) and initial x-
component of positive ion velocity (Upg,) When § =0.05, ¢ =1,Zp,=1,Zy = 1,9y =0.1, Ny,
=2,y =0.2,y,=01,¢q=0.7,6=30and C = 1.

Figure. 6.6: Profiles of x-, y- and z-components of positive ion velocity with distinctive
magnetic field valueswhen § =0.05,a=1,Zp=1,Zy =1, 9¥;=0.1, Nyg =2,y =0.2, yp =

0.1, =0.7,0 =30,C =1, Upg, = 0and Upy, = Wosing

ap

Figure. 6.7: Profiles of electric potential (a) and z-component of positive ion velocity (b) as a
function of distance from the sheath edge with distinctive incidence angle of magnetic field
(@)when§=0.05a=1,Zp,=1,Zy=1,P;=01, Nyo=2,yy=0.2,y,=0.1,q =07, ag =
1.2869, C = L, Upoy = Upo, tanf and Upey = L2527
B

Figure. 6.8: Profiles of electric potential (a) and z-component of positive ion velocity (b) as a
function of distance from the sheath edge withC =1, C=5/3and C =3 when § =0.05, a =1,
Zp=1,Zy=LYi=01 Nyo =2, vy =0.2,yp=0.1,q =0.7, 8 = 30, ag = 1.2869, Upy, =

! sin@
UPOZ taTL9 and Upoy = woiln .
B
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List of Symbols

a = Normalized collisional parameter

a. = Background concentration ratio of cold electrons to total electrons
ay, = Background concentration ratio of hot electrons to total electrons
&y = Permittivity of the free space

C = Polytropic constant

¢, = Sound/acoustic speed

& = lonization parameter/non-neutrality parameter

VPN = Pressure gradient term for negative ions

VPP = Pressure gradient term for positive ions

e = Electronic charge

F. = Collisional drag force

y = Power factor or dimensionless factor ranging from —1 to 0
Y. = Normalized cold electrons temperature
¥ = Normalized hot electrons temperature
v~ = Normalized negative ions temperature
vp = Normalized positive ions temperature
iy = Negative ion current collected by probe
ip = Positive ion current collected by probe
Jjn = Negative ion current density

Jjp = Positive ion current density

Ky = Boltzmann constant

K = Geometric constant

L = Finite plasma size/characteristics length of plasma
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Ap = Debye length

A = lonization length

M, = Mass of electrons

My = Mass of negative ions

Mp = Mass of positive ions

u = Mass ratio of electrons to positive ions

n. = Cold electrons density

n, = Electron density

n.o = Electron density in plasma/background density of electrons
ng = Neutral gas density

n;, = Hot electrons density

ny = Negative ions density

nyo = Negative ion density in plasma/background density of negative ions
np = Positive ions density

npo = Positive ion density in plasma/background density of positive ions
N, = Normalized cold electrons density

N, = Normalized electron density

N, = Normalized hot electrons density

Ny = Normalized negative ion density

Nye: = Net space charge density

Ny, = Electronegativity

Np = Normalized positive ion density

Npo = Electropositivity

v = Collisional frequency
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Uqee = Attachment frequency

v4er = Detachment frequency

v;, = lonization frequency

vy = Speed/velocity of negative ions

vno = Negative ion velocity at sheath edge

vp = Speed/velocity of positive ions

¢ = Electric potential

dwan OF ¢p = Electric potential at wall/probe

1 = Normalized electric potential

' = Normalized electric field

Wuwan OF Yp = Normalized potential at the wall/probe
Y, or Y, = Normalized potential at sheath edge

Y, or Yg = Normalized electric field at sheath edge

q = Non-extensivity of the system

r = Distance from the surface of spherical/cylindrical probe
o(v) = Momentum-transfer collisional cross-section between the ions and the neutrals
T, = Temperature of cold electrons

T, = Temperature of electrons

T,rr = Effective temperature

Ty, = Temperature of hot electrons

Ty = Temperature of negative ions

T, = Temperature of positive ions

Uy = Normalized negative ion velocity

Uyo = Normalized negative ion velocity at sheath edge
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Up = Normalized positive ion velocity

Upo = Normalized positive ion velocity at sheath edge

Up,..,. = Positive ion velocity at probe/wall surface

vpo = Positive ion velocity at sheath edge/positive ion drift velocity at x = 0
x = Distance

z = Space coordinate in pre-sheath scale

& = Normalized distance

&pp = Normalized position of probe/wall

&, = Normalized distance corresponding to sheath edge

Zy = Charge on negative ions

Zp = Charge on positive ions
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List of Tables

Table 4.1: Minimum allowed values of negative ions’ velocity at the sheath edge (Uyg) yin, fOr

different combinations of positive to negative ions mass ratio % and temperature ratio y, of
N

negative ions to electron.
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