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Abstract

The formation of a sheath at the place where plasma meets a boundary confines the more
energetic species while enabling the less energetic to escape through the boundary. Positive
ions, negative ions, and other ion species all have an impact on this sheath. Positive space-
charge in the sheath causes a normal electropositive plasma to have a negative potential
curvature, which raises the plasma potential over the boundary potential. The plasma border is
frequently thought to be perfectly absorbing, meaning that any ions or electrons that make it to
the wall are lost by recombination. But lately, greater focus has been placed on surfaces that
release electrons and the consequences those electrons have on the sheath. The term "emissive
sheath" in this work refers to the sheath surrounding an electron emitting surface, whereas the
term "collecting sheath™ refers to the sheath surrounding a strictly collecting surface. There are
numerous ways that electrons can leave a surface, including photoelectric emission from
ultraviolet light, thermionic emission from heating, and secondary emission from particle
impacts. Space-charge effects are the results of these extra electrons on the sheath structure.
Modern technologies, ranging from plasma treatment to heavy ion beams for fusion, depend
heavily on electron emission. Emitted electrons diminish the sheath potential, in turn reducing
confinement of particles and energy. A thorough knowledge of how released electrons
contribute to the sheath development is required to properly analyze the sheath properties. The
sheath details are vitally crucial to elements of plasma physics, from probe theory to plasma

confinement.

For technologies pushing the limits of complexity to operate effectively, a precise
theoretical model based on the relevant physics is essential. When a device is used in harsh
environments, the interplay between several electron emission processes can significantly
influence how well it performs also, the surface properties of the materials used in the
microelectronics, semiconductor, and automotive industries continuously deteriorate, and their
applications are limited by problems with poor corrosion resistance, wear resistance, surface
roughness, fatigue failure, and lower hardness. A material's surface characteristics determine
how well it performs. Therefore, it is essential to reduce hostile surroundings in order to
maintain the material surfaces and study engineering industries in greater depth. The processing
of plasma-based materials using knowledge of plasma-surface interactions is one of the most
important techniques to address such issues. In order to change a specific surface biological

feature while keeping bulk qualities unaffected, plasma-based surface therapies are essential.

iii|]Page



Understanding the idea of sheath, which is a thin layer of charged species that is produced
surrounding a metallic conducting surface when it comes into contact with a plasma, is essential

to comprehending the process of plasma-surface interactions.

Negative ions, positive ions, and electrons make up electronegative plasma. Since the
previous two decades, these plasmas have been increasingly popular due to their expanding
uses in a variety of sectors, including the microelectronics sector, thin-film deposition and
sputtering, mass spectroscopy, plasma-based surface preparation, and many more. These
plasmas are suitable for these purposes because to the electrons' comparatively little influence
on the surface of the substance under study. They are employed as ion sources in many
applications because both positive and negative ion beams are necessary; they have also been
used in low energy beam applications and in situations where intense electrons can have
damaging effects on the surface. The best way to prevent irregular forms is to inject negative
ions to the wafer in order to balance out the positive ions and improve the performance of the
materials used to make integrated circuits. Due to their significantly lower sheath voltage than
electropositive plasmas, electronegative plasmas are frequently used on soft substrates to

provide a defect-free examination.

There are just a few mathematical models that look at how non-extensive dispersed
electrons affect the sheath properties accessible in the literature. In order to investigate the
actual world situation more thoroughly, it is desirable to create new models. The behavior of
plasma properties and the sheath formation criterion have been studied using several theoretical
models. These models still have significant drawbacks, though. For instance, most studies
believed that negative ions behaved according to their Boltzmann distribution, which is far
from the truth since it ignores the mass of the ions. Both these ions should be treated equally
with the inclusion of their masses since there isn't much of a difference between the mobilities
of the positive and negative ions and it isn't reasonable to evaluate the Boltzmann distribution
for solely negative ions. Additionally, the mass-ratio of the ions, which is critical to the sheath
creation process during plasma-based material processing, is also ignored. Most of the
analytical and simulation models, the researchers have neglected the collisions, temperature of
positive ions, and non-extensivity in the plasmas, or have not been considered all together by
them. It is observed that the ions have finite temperature and may have collisions with the

neutrals in the plasmas used for processing.
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Considering the aforementioned features, we have presented theoretical models in the
current thesis where the distribution of primary (plasma) electrons is taken to be non-extensive
as per Tsallis statistics and the electric field at the cathode, the ratio of ion to electron current
density and the velocity of ions are evaluated and the results are compared with the case of
electrons having Boltzmann distribution. The variation of the electric potential, space charge

density and sheath thickness are analysed for the cases of different non-extensivity g.

Also, the current study offers a model that takes into account all the crucial factors,
such as the temperature of positive ions, their collisions with neutrals, the emission of electrons
from the wall, electronegativity, ionization and non-extensivity. The effect of negative ions on
sheath formation with floating wall condition is explored where ions are thought to have a finite
mass, and the fluid equations are assumed to control the behaviour of both positive and negative
ions. By taking into account the generalised circumstance of the negative ions' differing masses
from the positive ions, we have also taken into consideration the drift factor in the momentum
transfer equation of the negative ions. It has been determined that the drift term for negative
ions significantly affects the sheath formation criterion by comparing the scenarios of its
existence and absence in light of practical circumstances. The effect of the mass ratio of
negative to positive ions on the behaviour of plasma parameters and sheath properties has also
been studied. We developed model for the formation of sheath under the effect of oblique
magnetic field. The key finding is that the electric field at cathode becomes zero at lower value
of electron beam current density and hence the formation of the virtual cathode takes place
earlier for the case of super-extensive distributed electrons as compared to that of the
Boltzmann-distributed electrons. For super extensively distributed electrons the electric
potential drops slowly to a minimum, velocity of positive ions increases inside the sheath and
increase in the sheath thickness is observed. For the case of low electronegativity, decreasing
the non-extensive parameter (q) increases the sheath thickness more significantly as compared
to that of the high electronegativity. The sheath formed during the interaction is evaluated and
its thickness is compared for three different plasmas (Cqo plasma, Oxygen plasma and
CF,plasma) and the sheath thickness is found to be maximum in Cg, plasma and minimum in
Oxygen plasma. Although Bohm velocity does not depend on the strength of the magnetic
field, but the slope in the electrostatic potential gets increased and the sheath thickness
decreased on raising the strength of the magnetic field.

This thesis' findings might be useful in studies like plasma-based material processing,

where a larger potential gradient is preferable to have superior thin film deposition since the
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positive ions are concentrated in a small area and lead to the production of a preferred thin film.
These findings might aid experimentalists in choosing a particular plasma for a given task. By
replacing the beam electrons emitted from the cathode with negative ions in our model, the
transport of the negative ions across the double sheath can be understood, with the application
in negative ion source, which is a suitable candidate for neutral beam injector (NBI) for a fusion
reactor such as ITER. We can calculate the floating potential of an emitting electrode,
secondary electron emission as in capacitively coupled plasma processing applications and
nitriding where the positive ions get accelerated towards the wall due to the electrical biasing
and have energy in keV range sufficient to eject the electrons from the wall on hitting. The
thermionic emission of electrons e.g., in emissive probe, thermionic converters, can be

explained.
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ST STE wiTeHT U W &1 a1 SR & Wudh H 3T § J8T U URd P AT et & o
3iferep SHoifar 3MAfRId HUT & 98Td ! Hiftd R 1 8 &P HH FHolaH HUI B aTSSt
T TR e & T ST 8| SIS ST, BUTHD T 3R 3T 31T HUT gt
9 IRd R THG SAd ¢ | IR H YD 3R & T I sadeuiied e o
BUTHS AT Tehdl BT HRUI FdT §, Sl TS b U I 3 WISH 34 ! dgIaT 5|
I8 SRR HIFT ST g fob W1 HHAT & O e & SHTa=IS0r gl o1 el &, orgept ared
2 for o +ff 3mo a1 SaeelT &7 ¥ uged § 3 TRiNH gRT @ 81 S 8 | A 81d &1
H 3 dsl R S & Higd foar a1 § S SaaeHl & Ifoid HRal g 9T o R
S SAACHI BT UHTA USdl 5 | SU BT T 2eg "ol IRA” BT ey U 3 e
g & U $I IR U B, Tl "HIGId IRa" g BT Al (9= &Y ¥ FUgId Golg
& TIUY B! IR U g1 T P dIdh & oY Faae byl Idg &) IS Tdhd o, forad
WRISTH THR ¥ Blegdfaed Iaqo, gife ¥ yffenfie Ise iR &1 gHEr 9
eale IToq M &1 WH-ITS THIE TR P WaT W 37 HfaRkad saagH &
RO & | T FEifoTd SUAT ¥ deR Jae & Al HRY o ofiH 9@ &1 Sy
TN, Soae St IR 9gd e MR o 8 | Sfold Saaei- tRd & dud &
HADBR Gd &, oI BT 3R Soll 1 Ufeie HH 81 a1 | | URd o T[0T &1 Ierd faweryor
B & AU g8 SHAT 3aRg® § P 3aaed Rd & f[abrg H &Y TREH a3d gl N
RIgid ¥ do: WIeHT Ufdse dd, IRd & IR § ST WiIeHT Hifdet & Jd Rigid & fog
3T Hgaqul &

Sfedd &1 TS B 3T Fe™ arelt Wfifeal I guTdt & § Jared H1 & fag
NI Hifdet W snemid T Idte Agifae Hisd Mavad g ofd foddt JudHr o
ST ufadmd aRfYTE! § foar ST &, O 8 3oy Sco Uiharsil & s IRER
fohaT HAe@yul U ¥ yWidd oR It 8§ fF g8 fpaT o3 weRf exar §,
HEhIgadei-G, JHidbsacy 3R fdmifed IR H SUTRT Bt SIH dTe IRl &t wd
& T[0T AR VRIE B 8, 3R VRIE YR UfR1Y, R ufeRiy, g QRexoH, I
A aar SiR Y HoRd & THRSH & HRUT I9% SIUAr HHagd g1 Tt arg &1
g P! faRIwdTg a8 fefia Hrcl § fb a8 foram srest ol @it & | 39ferg, Hiifde adg!
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&1 §TE G 3R TSGR IR BT 31 TERTE F S1ega FHRA & forg ufdpa uRaw
D HH TRAT TS ¢ WIH-Idg G496 & I BT ITANT TP WISHT- TR
AR BT TR0 T TEf P G B3 & o Ja9 Heaqul adb-id! # 9 U g
dIeh TN 1 SYHTIIT T@d gU U fAfR1y g Sifdss faxivdl 1 dga & e wireHl-
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rdl & =0 § Fford fasar SiTar & Fifes YTe® SR BUTE® gl SH1aH R0l Saxad
8 | ST SUTNT HH Sl bR 0T SV SR 3 Ruferal o oft fopam o § wigt ffa saiae A
A8 W GIMBHRS YHTG ST Ahd & | ITHT T Bl A1 BT Y ST aR1pbT YATHD
3T &1 Tferd B 3R UhIghd Wiche S & folt ITAT &t ST aTet! Jrfial & uei=
T YR T34 & fo1E IwR & BUTEHS A DI Sode BT ¢ | SAdeUNfed WIeHT &1
qeT H ST d WISH & HIh! HH URd aHd & HRUT 30 IUUNT IY-Tad Jed
FRA P oY SRR TR Teticed WR fohar ST g

Had $S TORTY ATSd § off §dId § [ TR-ATTS w0 I faalkd gt 3aee wRd
& T[UN T Y THTFAT HRd & | TRafad RUTA o1 31feres Te=aT § offd A & e Y Ared
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Fifh YD R BUNHD ST B AN b d1d dgd 3R 81 & 3R Had BUTHD
3T & forT SeesHH fAdRur &1 Yeaie A1 IRId 81 31 3% sifafkad, sma=t &1
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