CHAPTER 5
EXPERIMENTAL SET UP AND RESULTS

Experimental set-up and results from the RF planar coil inductively
coupled plasma system are described in this chapter. The diagnostics described here
were used to determine characteristics of RE ICP system. Characteristics of the RF ICP
system are described in terms of current and voltage of the planar coil. Transition

modes of plasma and hysteresis phenomenon afeobsenved.

5.1 Experimental set-up

The RF planar coll inductive!yébupled plasma system is shown in Figure
5.1. This set-up consists offreactor .chamber,*RF generator, gas flow control, planar

induction coil, impedance matehing network, pumping system and diagnostic system.

Figure 5.1: The RF planar coil inductively coupled plasma system
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5.1.1 RF Generator

RF generator used in this work, is CESAR 1310. The RF generator is
operated at 13.56 MHz and is capable of delivering maximum 1000 watts of RF power.
The output impedance of this RF generator is 50 (2 to match the available transmission
cable and must feed into load impedance. In order to increase the power dissipation in
the glow discharge and to protect the genefa)or, a matching network is facilitated. The
coaxial cable has stray capac.i.tance and indugt ﬂat vary with length and will affect
the impedance of the load, SO, the-eoaxiahcable ysed should be as short as possible.

To minimized unnecessaﬁg,;a
used in this thesis. Figureé's.2 shows

stray capaeitance one-meter coaxial cable was

CESA RF generator,
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Figure 5.2: RF Generator

5.1.2 Planmarieoil

The induction coil of the RF-PECVD system is a planar type. The planar
coil is a flat helix wound from nearly to the axis to near the outer radius of reactor
chamber. It has an ability to produce a disk like uniform plasma that can be scaled up
easily [6]. The planar coil is placed outside the reactor chamber over the dielectric

quartz plate. The RF power is coupled to the plasma through this quartz window.
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Figure. 5.4: Photograph of planar induction coil
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Determination of the inductance of the planar coil

In this thesis, we use a Precision LCR meter, Agilent model 4284A to

determine the inductance of the planar coil. The frequency of the Precision LCR meter is

varied from 20 Hz to 1 MHz during the measurement. The Precision LCR meter was

connected across the terminals of hown in Figure 5.5.

Figure 5.5: Position of the Precisie rmination of inductance
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Figure 5.6: Graph. of X vars(s {

From equation,

1ce of the planar caoil
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Where X, = inductive reactance of the planar coil
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From the linear graph in Figure 5.6, L can be determined as

0.2865

e w56
2(1000) 7 #

The efore, inductance of the planar coil is, L = 45.6 uH

28
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By the resonance principle of LCR circuit, by the simplest way, a variable

vacuum capacitor and a transformer are used as matching network.

5.1.3 Matching network

A matching network contair:s a transformer and a variable vacuum
capacitor. They aie placed inside a matching';fa/ga, acts like a Faraday cage. Since the
impedance of plasma will change from time to tl“me."';d;'épends on the process condition,
so the impedance of the n_ﬁtch&ng ’nethrk is needed 'fgr to tuning over a range of
values. Picture of matchiggcf/ IS/Shown in Figure 5°7. Matching cage consists of a

cylindrical cavity and an

‘Box, This is to reduce the height of dial knob of a

R

variable vacuum capacitor.

Figure. 5.7: Photograph of matching cage
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A transformer and a variable v_g'guum capacitor are placed inside the
ey rafae—

aluminum box and the ifiduction planar coil is placed inside_tr:é_ Gylindrical cavity.
Wy )
The RF giierator is coupling to the planar coil via a 50 Q) coaxial cable

"

through a matching network as shown in figure 5.9. The matching network adjusts the
real resistance value; which needed to match the transmission fife and RF generator.
When ac power transfers to a load L, Z, is the impedance of plasma, at high frequency,
the radidtad“@nergy-dad-inot) be, éfficiefitly ‘difeCted even through%d highly directive
antenna, s@ a transmission line is needed to guide'th;a source energy. In this work, the

RF generator has output impedance of 50 Q) and a transmission line also has

impedance of 50 Q.
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Figure 5.9: Impe/ anar coil ICP system [9]

Due to ansmission line, a step down
transformer is needed to ¢ impedance of plasma. By
assumption, plasma is a v eonductoryassume it has 1 Q impedance. By the
transformer theory,

TN N
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We get,

To define, v /1 =Z and Vo/Is=Z,
P/P P



32

Where zp = impedance of the primary circuit = 50 Q
Z, = impedance of the load = 1 {2
Then,
e & _ 50

And transformation ratio,

By the resam@incé pfinCiplé of ac circuit, variable vacuum capacitor must

be tuned frequently to ob (rm, e cted er. When X; =X, resonance
occurred. Where X, is ind .'

reactance of the variable vacuug

5.2 Diagnostic and expefir

Characteﬁics . be explained by the

measurement result of the (iurrent and the volta‘gJe for the planar coil. The Rogowski coil

and the high VW%?@%‘WW?WWW‘* current and the

voltage respectlv
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5:2.1 Dlagnostuc system

The characteristics of system can be explained by measurement result of
the current and the voltage of the planar coil. In most plasma experiments, electrical coil
current of the system is rapidly varying and large. The simplest way of measuring the
current is to place a coil or magnetic pickup loop in the region of the current to be

measured. The changing magnetic induction will cause an electromotive force (d¢/dt),
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where ¢ is the magnetic flux through the coil. By taking the integral of the d$/dt, the
magnetic flux can be obtain since the flux magnitude depends on the current
magnitude, which induced the magnetic field. The knowledge of the flux permits the
current determination. The Rogowski coil is used in the measuring of the current for the

planar caoil.

Oscilloscope

Figure 5.10: A0 alentcircuit

y

TrﬁFTﬂoﬁer rﬁoﬁl Wrr? from copper wire
deformed into the torus shape as shown in Figure 5.10 ounted around the planar
. »{mm:ﬁmﬂ NN (1T

recorded

In this thesis, a high voltage capacitive probe is designed to measure the
voltage measured across the planar coil. It is mounted across the vacuum capacitor in
the matching network box. This divider consists of one-meter coaxial cable, its
capacitance is 100 pF and 1 piece of teplon placed between copper plate and base of

vacuum capacitor. Diagram of high voltage probe as shown in Figure 5.11. The signal is
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measured across the 100pF capacitor and is recorded via an oscilloscope. The high
voltage probe is used to reduce the signal to a manageable level for the oscilloscope.
Although it is more complicate to utilized a capacitive probe, it is required that we have
a high impedance voltage probe at RF frequancy. The resistive probe can become less

accurate and interface with the matching condition RF frequancy.

) e \"'-. \
N

- .
capacitor
— |
< copper plate
V, s
C,
A 4

| ]
Figure 5.11: A diagram of high voltage’probe and its equivalent circuit
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5.2.2 Calibration of the Rogowski coil

Although Pearson probe [6] is general used for measuring the current.
However, due to its high price and not readily avalaible. Rogowski coil becomes a
resonable choice. Rogowski coil used in this work, is calibrated with Pearson probe

avalaible in plasma lab at University of Malaya. The circuit is used to calibrate Rogowski

coil shown in Figure 5.12.
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Figure 5.12: Circuit a ibration Rogowski coil
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s connected to the two-

i

The Pe V,

channel oscilloscope. " n the capacitance; C varies, cuﬂnt; | varies too. For each

value of the C, oﬁuﬁl eal iﬁﬁmoﬁw Eefpirﬁr%e are recorded. The
output voltage of l'?“g i‘coila be aré.shown in Table 5.1. Graph of V,

(voltage signal from Rogowski coil) vefsus V. (volt signal from Rearson probe) is
et KPR EREY!



Output voltage of pearson Probe

output voltage of Rogowski coil

(Vpp) (Vep)
2.56 11.2
272 12.0
3.04 14.0
3.28 144
360 T 16.4
4.04° 18.8
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Table 5.1:

19.6
212
232
W 244
27.2
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Vr (Vpp)
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Vr versus Vp

y = 4.0391x + 1.2448

Flgure5 13 Graph of V.. __,,; ;- V., ibration Rogowski coil

Vi : I;m:"j

From the eircuit shown in Figure 5.2, the Pearson probe and Rogowski

coil measure the ﬁnﬁ ﬁﬁ% El V] ‘j "w EJ’] ﬂ ‘i

@ TR SRR 8

Then,

Kn
\

I—K V=K.V,

= voltage signal from Pearson probe

calibration factor of the Rogowski coil

voltage signal from Rogowski coil

Kl’
K, = V—/—'
VP



From the graph in Figure 5.13, the gradient is Vi /V, = 4.0391.

Therefore, K, can be determined as

K =—2—= 0.4952 AV’

" 4.0391

Then, the current value can be obtained by multiply the output voitage

28

from the oscilloscope with 0.4952 AV _ 0.4952 AV is the calibration factor of the

Rogowski cail.

In this wo ' high volt % e probe to calibrate high
provides a 1 V output signal

for 1000 V of voltage is 0/ The  Gircuit \is ,{ to calibrate high voltage

RF generator

A 1 INENENENT
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The high voltage resistive probe and high voltage capacitive probe are
connected to a two-channel oscilloscope. When RF power varies, V varies. For each
value of the RF power, output voltage high voltage resistive probe (V,) and high voltage
capacitive probe (V,,) are recorded. The output voltage of high voltage resistive probe

and high voltage capacitive probe are shown in Table 5.2 and graph of V... (voltage
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signal from high voltage resistive probe) versus V..., (Voltage signal from high

voltage capacitive probe) is plotted in Figure 5.15.

Power voltage cf resistive probe voltage of capacitive probe
(watt) (Vpp) (Vpp)

5 | 6.4

10 74

15 8.4

20 9.2

25 10.0

30 11.0

35 11.8

40 124

45 13.0

50 13.6

55 14.0

60 14.4

Table 5'.2: ;m:‘ probe and
0':» volta ™
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Vresistive versus Vcapacitive
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Figure 5.15: Graph of V.. oltage capacitive probe
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where mm = voltage signal from high voltage resistive probe
K apaciive = Calibration factor of the high voltage capacitive probe
Vepmeive = VoItage signal from the high voltage capacitive probe
Then,
Vmsi ive
Kclpacitive = _\,——L

capacitive
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From the graph in Figure 5.15,the gradient is 'V, ./V. = 37.683.

capacitive

Therefore K can be determined as

capacitive

K =37.683

capacitive

Therefore, the voltage measurement can be obtained by multiply the

output voltage from the oscilloscope with 37.683. When 37.683 is the calibration factor

5.3 Experimental procedu

When th 0 avoid any leakage. The

reactor chamber is evac «. 10" torr. Argon gas to be used
in this work for diagnosed istics . Argon gas is introduced
into the reactor chamber i "f \A‘ utes. After that, the reactor
d repeated the same procedure
for three times to minimize the fhinants n'the chamber. Introduce Argon gas and
adjust the pressure to desire valt rm and let the pressure to achieve

equilibrium.

Finally, diagnostic instrument. The

vacuum capacitor of ma chmg network was tuned freq ntly to obtain minimum

ot 7714101 /434 ) )11 i W
S T KT R IV a1

which is used to measure coil current and coil voltage is shown in Figure 5.16
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Figure 5.16: Circuit aie . , ng "*\~ ent and coil voltage

5.4 Results of current a

Figure 5.17 ag 8 § t w theCail “Versus power and the coil

voltage versus power for argon plasma at pres 0.65 torr respectively.
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Figure 5.17: Graph coil current versus power at pressure of 0.55 torr
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Voltage versus Power

3.5

Voltage (kV)
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Increasing power

— Decreasing power

\‘

\ at pressure of 0.55 torr

350

the discharge light emis_@)n incre aschargm's operated in the E-mode.

When RF power is increased, up to a certainsvalue of power, the value of power

dependes on thﬂuiu;gaeqﬂ el Jad Vi ke bfoleure of 055 tom, the

transition from Ew\ode to H-mode (fgrward transutm ) occurred. The coil current is
soopd8) B4t iaon i b 1 od 1A b b o
discharge “ght emission is observed. The total reflected power is also increased. This is
the individual sign of the forward transition mode. These observation are well agreed
with ob.servation of Liew Wai Soon [6] and Thien Voon Kwan [7]. When RF power is
increased further, plasma luminosity more increased. But the increase is less than the
dramatic. Decreasing the RF power along the same trace, discharge light emission
decreases. A sudden jump in the coil current has been observed when the power

decreased down to a one value of power (about 20 watt at pressure of 0.55 torr) and caoil

- -
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voltage was the same. This implies the transition from H-mode to E-mode (inverse
transition) occurred. This observation is also agree with Fayoumi et.al [4]. They reported
that the hypothesis phenomenon is observed becauase the forward transition power

does not correspond to the inverse transition power.

The faint discharge before the transition mode (E-mode discharge)

shows in Figure 5.19, due to the ifference across the induction coil when

forward RF power. When increasi 4ansition from E-mode to H-mode
—

occurred. The H-mode i '@ulthal RF electric field. It is

produced by the oscillatin field, is produced by the oscillating RF current

passes through the coil 36 o] ' i\;‘ t in the forward of transition

| ntl‘y strong to generate high-

density plasma. The “high# Py A \ out the RF field and causes

decreasing inductance I The'plasma current will induce the coil current

to oppose the change. ev

The shape of the '.a S.a hemisphere fireball shows in Figure

B= 50

5.20. Since the elen tend | ed sadially towards the center

because of the curval f th !‘ electrons gain the time-

average energy and atgrbig e RF power frc O isio@

AUEINENINGINT
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Figure 5.19£*mode2igon pt'ésma at pressure of 0.55 torr

)

Figure.5.20: H-mode argon plasma at pressure of 0.55+0orr
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