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Abstract The fluctuations of plasma jet, generated at a reduced pressure ranging from 500 Pa to 10000 Pa, were
charaderized by imaging the shape of the plasma jet with a high speed video camera and by profiling the real-time ion sat-
uration current spedrawith a double electrostatic probe. The variations in the arc voltage were experimentally evaluated by
varying the plasma generation conditions, such as the gas flow rate and pressure. The results show that the plasma jet re
mains stable a a fairly small gas flow rate and a low pressure. As the gas flow rate and pressure increase, the high fre
quency voltage fluctuation intensifies, accompanied with deterioration of time and special stabilities of plasma jet energy,
and with higher frequency perturbation in the ion current. A steady plasma jet can be easily maintained, in spite of a pos
sible input power perturbation up to 35% at 300 Hz. We suggest that the double electrostatic probe is capable of effective
ly characterizing the plasma jet.
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Fig 4 Variations of arc voltage with chamber pressure

[11- 12] ( “ smoothed”
) ,
2 b 2
ol (b)
oo ’
6
70
SN : 0 U
60| 13.2 L/min 0/ U
g 70} 3000 Pa : , 0/ U
.
£ 60f 0.5% 3.7% : 17.6
>
ol L/ min, /U 3%
i
60 6.6 L/min
70+
N
60 sl
: ' : 17.6 L/min —— Voltage
0 5 10 15 20 =751 80A —— smoothed voltage
time/ms g | A m A
3 S 70y ™
g X
Fig: 3 Variatons of arc vokage with gas flow rate 651
60 1 1 1 1
. 0 5 10 15 20
17.6 L/ min 80 A, o
4 (a) arc voltage and smoothed voltage spectra
3L
3
500 Pa 0V 10000 Pa 73.4V ¥ op
o
>3
’ ’ 0 5 10 15 20
time/ms
b) high frequency fluctuation
500 Pa (b) high frequency
’ 5 s 5( a) 5

Fig- 5 Sepamtion fo low frequency and high frequency compo

nents in arc voltage



370 30

pressure/Pa gas flow rate/L/min
60 3000 6000 9000 6 9 12 15 18
| I I I n o gas flow rate of 17.6 L/min
5L o gas flow rate of 17.6 L/min 3.6 > | mchamber presure of 3000 Pa
m chamber pressure of 3000 Pa N N
ab ] . g "
RO T R o g34r
S 3t © L7 5 =
s . & .
20 Il B320 o 0 00 -y
. |
1+ " .- n- 3.0 1 1 1
e 0 3000 6000 9000
0Ll L ! L pressure/Pa
4 8 12 16 g
gas flow rate/L/min ’
6 > Fig- 8 Variations of the characteristic frequency of high fre
quency fluctuation in arc voltage wih the change of
Fig 6  Variations of the high frequency fluctuation in the arc chamber pressure and gas flow rate
voltage with chamber pressure or gas flow rate
2.2
9
4 500 Pa
R a)-(e 2, (D-(]
(FFT), 7 (a)-(e) (H-(J)
0. 95, 10 Hs, 2500
, 300 Hz
, 3.17 kHz ’
0.4 ms,
’ 6L/
17.6 L/ min, ) 9(J
000 Pa ()
6.6 L/ min 17.6 L/ min ’ ’
3.66 kHz 3.17 kHz; 3000 Pa 17.6 L/min

17. 6 L/ min, : M () 10000 Pa ‘
3.17 kHz, X

(b) 13.2 L/min (g) 5000 Pa [Py
)

30 Hy ,

G | \oer

1+ (e) 4.4 L/min (j) 500 Pa

amplitude

0 L
10? 103 10*

frequency/Hz 9
7 FFT Fig- 9 High speed video camera images of plasma jets generat

Fig 7 FFT results for arc voltage spectra at 500 Pa ed under different woiking conditions



371
) 9(h)
2
10000 Pa, 9(1) ,
9 a)-(e) , 3000 Pa , 11 12 ,
, , 3000 Pa ,
6 8 R 11
20
101 17.6 L/min
0
20 Tt T r e T
. 10t
17.6 L/min, : (132 L/min]
E 0
10 &
g 20F
S0 Pa ’ E 4l 8.8 L/min
300 Hz
e , 10 2000 Pa 20f
14} 6.6 L/min
5 ) 20
) 10 14t ‘ ‘ . 4.‘I|- L/min .
10000 Pa s 1 mA 34 mA 0 5 10 15 20 25
time/ms
' 1
5 9(f)
30 J Fig. 11 lon saration current captured by the electrostatic
111 -
15 10000 P probes of first group at different gas flow rate
0 m I I“H“m M 10000 Pa 20
> A il 10
15 5000 Pa 17.6 L/min
0 0
30
Ll 20
15 4000 Pa 1
0 .
é 30 [ IJ 0 3.2 L/min|
2 lg i 3000 Pa Ezo i
5 30 LR B 10T 8.8 L/min
o .
15 T T Pa) 5o
0
32.6 WWW 20t —~
322} 1000 Pa 1al 6.6 L/min
36.6 [,
500 Pa 201
322} -
| . . . A 4.4 L/min|
0 5 10 15 20 25 14 . (V[ Limin)
time/ms 0 5 10 15 20 25
time/ms
10 12
Fig 10  lon saumtion current captured by the electrostatic Fig- 12 lon saturation cument captured by the electstatic

pobes of fist goup at different chamber pressure probes of second group at different gas flow rate



372

30

( )
, 12 (
2
2.3
13
(W)
VA% 34%  38%
) : 4.4 L/ min
Pa s 17.6 L/
min 10000 Pa
35% ,
pressure/Pa
0 3000 6000 9000 12000
38 .
0
37+
o}
5 361 .
35| o ® chamber pressure of 3000 Pa
o gas flow rate of 17.6 L/min
o}
34 1 1 1 1
4 8 12 16
gas flow rate/L/min
13
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