CHAPTER 2
LITERATURE REVIEW

2.1 The definition of plasma

Plasma is the fourth state of matter. It is unique state and displays a

totally different characteristics fro ree states [1]. Plasma consists of
ortions that the total charge is

s is guasi-neutrakand display collective behavior.

positively and negatively char
equal to zero. The collectio
Collective behavior means j " arti controlled by the plasma as a
whole rather than by local CQ | Sions, J WS plasma at equilibrium state

are always oscillating at a higier freguenc har 1 in Detween two collisions [8].

\/

the conditions that make plasma unique are: [2,9]

ﬁ'%@ﬁ;‘?ﬂe%ﬂ% %JnWSﬁ of|fie] fahge of the effect of

perturbation. l |s°4ery small on the scg}e of the total d|mensuon of the lasma, L; which
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charge arisé or external potential are introduced into the system, these are shell out in a

distance short compare with L, it can be expressed as

Ap < L

2) The number of the particle in the Debye sphere, N pis very large, the
Debye sphere has radius /?,D and is centred on the perturbation. This can be expressed

as



N, > 1

3) The mean time between collisions of electrons with neutral atoms, T

is very large on the scale of the frequency of typical plasma oscillation,

When applyi G '_J‘ leetric field into the gas, the ionization
process is started. Electr ' e gas phase when electrons
with sufficient energy to colli s in the feed gas [10]. Radio
frequency (RF) plasma can 7 n an ac source to a discharge.
Many RF glow discharge Processs: ,_ 3.56 MHz. Since 13.56 MHz is a
frequency allotted by #.n ommunications authorities at which one can radiate

a certain amount of energywithc

One of mostimportant advantagessof RF power is that it can be delivered
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disadvantage of el%‘l:trode in many applications, is impurity of the product introduced by
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'RF péwer can interact with plasma either inductively and capacitively. So
there are two types of plasma produced by the RF power. One is the capacitively
coupled plasma (CCP) and the second is the inductively coupled plasma (ICP). In the
CCP, high frequency voltage is applied to the electrodes. The electrodes may be

indirect contact with the discharge plasma. Because the inductively coupled plasma



can produced high density and uniformly plasma over a large area, so the ICP system

has major advantages over the CCP system in material processing.

RF ICP is excited by an electric field generated from a RF current in a
conductor [12]. In this work, a planar coil is used as a conductor. The changing

magnetic field of the pianar coil induces an electric field in which the plasma electrons

are accelerated. The current-carrymg%W? outside or inside the plasma volume.
\

ICPs are ca rodécm tate plasmas having electron
densities lying in the ran ST o, lications are reported such
as thin-film deposition, p ing, ass spectrometric analysis

[10].

Many re P system since this system

has many advantages. I, investigate the E-H mode
sion by up to two orders of
nsition [5]. He obtained, the
transition from E-H mode is usugyg%g@n? anied By.an abrupt increase in the electron

density and the minim i 2 snsiderable smaller than

Liew Wai Sgen studied the cha teristics of RF planar ICP system and

investigate the ﬁ%ﬁ} @t% &J w ‘iu %ﬁrsqeﬁwjof material [6]. Coil

current and coil %Itage are measureod When he lncreased the RF Power into the
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point the éoil current decrease suddenly but the light emission to be increase bright.
Refleted power of system increased in this point is call “E-H mode transition”. And he
increased the RF power, the coil current few increased. After that, he decreased power
to one point is not same the first point, the coill current increase suddenly. When he

studied the result of coil current and RF power almost same Hystersis phenomenon.



Thien Voon Kwan set-up a small planar coil ICP systems, studied its
discharge characteristics and application in plasma oxidation [7]. He built and setup the
RF-ICP system for study the Argon plasma discharge. He obtained the result in the

same Liew.

ically exhibit two modes of

operation, namely, a low-den je known as the E-mode and a higher density mode
known as the H- mode. The e Mo ~-,,; xhibits hysteresis [4].

The plane ikCap he de i ,.7_ Ng X alcoordinates(?,@.é)

i 'a d pointing away from the coil

into the plasma. The r axisis | adial: : s shown in Figure 2.1.

Figure 2.1: The cylindrical coordinates for the planar coil configuration [6]



It is reported by Kortshagen, et.al. [6] that when RF generator forwards
RF current passing through the coil produces, by Faraday's law, an oscillating induced
electrical field, which is capable of maintaining plasma within the reactor chamber. At
low input RF power, the discharge in an ICP characterized by a faint light emission from
the plasma and a low electron number density. At this stage, elecirostatic field is larger

than the induced electric field. This plasma generation mode is called E-mode and

plasma is generated by E-mode is& to the individual loops of the planar

induction coil. In the primary, : _ ' "E_is generated in the  direction.
And when RF power reaches ere are sudden increasres both in
the plasma'’s luminosity a lasma generation mode is
called H-mode because i field and the electrostatic

field plays only a small role
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Figure 2.2: Schematic diagram of the RF magnetic field lines near a planar coil (6]

It is reported by Liew Waisoon [6] that, The E-mode to H-mode transition
will be accompanied by the succeeding observation:
1) the coil current decrease.

2) the discharge’s luminosity increase



3) the plasma current increase
4) the plasma resistance value jump

5) the reactance value, %, decrease

In this work, polyacetylene thin-film is prepared from monomer vapor of

acetylene by using RF-PECVD system. It has many ways in preparation of

polyacetylene. Details of polyace ene§ rrj/cbed followed.
2.4 Polyacetylene “-____, A -_.__-_.
M/ \ﬁ!rolled coupling of a large

vious requirement for the

\

The syn

number of monomer m

monomer is that it shall two other units. The most

acetylene via polymerized
process [12]. The delocali ‘;.ed electrons of the alternating single and double bonds

between carboﬂatﬂsﬁq Wﬂsﬂnéj Wﬁﬂﬂ ?pemes Doping of

polyacetylene makes this polymer a better conductor Polyacetylene is used in

rechargﬁ m bec ﬂ mgg ﬁa-mevr mnﬂnﬂalso replace

copper wirgs in aircr: eight.

Acetylene was discovered by E. Davy in 1836 in England and T.L. Wilson
made its commercial production in the USA [12]. Pure acetylene is an odorless,
colorless gas. It produced by a process that uses two abundant and inexpensive
materials: limestone and coal. Limestone (calcium carbonate) is first converted to

calcium oxide, and coal is converted to coke. Calcium oxide and coke react producing



calcium carbide, which reacts with water forming acetylene gas, C, H,. Acetylene’s
structure is H -C =C - H. The triple bond undergoes addition reactions and structure

of polyacetylene is -[HC =CH], -

It is reported by Billingham, et.al. [11] that, in the early 1970s Shirakawa

and lkeda demonstrated the possibility of preparing strong, self-supporting films of

to 13 orders of magnitude. s involves v- or addition of electrons to or

N

from the polymer chain.
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