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AN INVESTIGATION OF A FLOWING
AFTERGLOW PLASMA
BY THE LANGMUIR PROBE'

J. PAVLIK?), J. GLOSIK?), . HAVLAS?), Praha

An experimental study of the loss process of charged particles in the flowing afterglow
argon plasmas is reported. The measurements are made in the flowing aftergiow
apparatus with an axially movabie cylindrical Langmuir probe in the diffusion controlled
region. The plasma flow velocity and the arrival time are measured by a pulse modulation
of the discharge in the plasma source. By measuring the decay of the ion concentration
the values of the product D . p for different pressures are obtained. The results indicate
the presence of the ion mixture, the metastables and the non-thermalized electron gas in
the afterglow plasma.

MCCIEIOBAHHE ILIA3MbI NOCIECBEYEHHA B IOTOKE
[NPUA [IOMONH 30HAA JEHIMIOPA

B pa6ore coofmaercs 06 3KCNEPHMEHTAILHOM HCCICIOBAHHH MPOLCCCA NOTEPH
3apSKEHHBIX YCTHIL B APTOHHOM [TA3Me IOCNECBEIEHNAs B NOTOKE. FI3MEpEHHA CleaHEL
[NpH HOMOITH amIapaTyphl HOCNECBEYEHUS B NOTOKE C AKCHANBLHO TMONBHOKHLIM ITMJTHH-
APMMECKHM 30HJOM JIEHTMIOPa B O0/IaCTH perymupyeMo nucddysuei. Ipn  pomorma!
HMITYILCHOH MOXY/SLME pa3psfia B MCTOYHHKE [UIa3MbI HIMEPEHBI CKOPOCTH NMOTOKA
mna3Mbl M BpeMs mocTymwicHus. Ha ocHoBe m3Mepeswst pacriajia KOHIIEHTPallM¥ HOHOB
NOMyYeHB! 3HAYCHMS NpouspefenMs D.p NS pasnHIHbIX RaBICHHH. INony4enHsie
pe3yBTaTH YKa3bIBAKOT Ha APHCYTCTBHE CMECH HOHOB, METACTAGH/IOB M HETEPMAIN3O-
BaHHOTO 3/IEKTPOHHOIO ra3a B IJia3Me MOCHECBEICHHAA.

1. EXPERIMENTAL DETAILS

The classical flowing afterglow apparatus was used [1] with an axially movable
cylindrical Langmuir probe. The flow tube is a one metre long glass tube of
a 5.6 cm internal diameter pumped by a fast mechanical Roots pump. The plasma
is produced by a discharge source in the carrier gas (Ar). The cathode is placed in
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') Contribution presented at the 4th Symposium on Elementary Processes and Chemical Reactions in
Low Temperature Plasma, Stard Lesni, May 24—28, 1982.

131



the side arm of the tube, a cylindrical ring anode is placed in the upstream end of
the tube (Fig. 1). The metal body of the pumping unit (downstream end of the flow
tube) and the anode are electrically connected and grounded and thus there is no
external field inside the flow tube. The discharge current is electronically stabilized
and can be regulated in the range of 0—30 mA. The measurements are made in the
current range where plasma oscillations are suppressed. In the described arrange-
ment of the electrodes the discharge is very stable.
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Fig. 1. Experimental arrangement.

The cylindrical Langmuir probe (4 mm long, 40 pm diameter) is placed in the
axis of the flow tube and is moving from the downstream end of the flow tube and
thus the disturbance .of the flow of the carrier gas in the place of the probe is
negligible. , B ‘ ’

The plasma concentration N is determined from the ion part of the probe
characteristics using double logarithmic extrapolation [2]. The electron tempera-
ture T, is determined from the slope of the plot of log L against V, (L is the
electron part of the probe current, V, is the probe potential) using the correction
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for the ion current following from the double logarithmic extrapolation [2]. This
determination of T, is valid only when the electron distribution function is
Maxwellian and in our case it is prelimifary and gives only rough information about
temperature behaviour. The plasma potential V, is determined from the probe
characteristics [3]. The examples of the variations of the plasma potential V., the
floating potential V; and the electron temperature T. along the low tube are
presented in Figure 2.
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mmm“ 3. Dependence of the »i«w_ time ¢t of the
pulse response on the probe on its position z for ) 0 20 40 60 80
different pressures.’ . z [em]

. MEASUREMENTS OF THE PLASMA VELOCITY IN THE FLOW TUBE

In order to interpret the processes in the flowing afterglow plasmas it is essential
to understand the neutral gas and plasma flow dynamics. For the range of the
carrier gas (Ar) throughputs and pressures used in this work, the flow is viscous
with bulk neutral gas velocity 30—60 ms™". Since the plasma velocity is not directly
proportional to the gas bulk velocity [4], an afterglow time 7 is directly measured.
The afterglow time t is measured by a pulse modulation of the discharge and the
measuring of an arrival time ¢ of a pulse response on the probe in position z. The
plots of a variation of ¢ against z for a series of pressures are illustrated in Fig. 3.
These plots clearly show that the plasma velocity in the downstream part of the
flow tube is constant for a given pressure. Deviation from linearity in the upstream
part.of the tube indicates an inoreased plasma velocity in this region. This is
attributed to a disturbance of the plasma and a neutral gas flow in the region of the
anode, where the plasma is produced.

‘

‘ .

ITl. DIFFUSION

An analysis of the measurements is based on the solution of the continuity
equation. For a fundamental-mode diffusion and neglecting the axial diffusion and
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Fig. 4. Dependence of the ion current I. on the Fig. 5. Experimentally obtained value of the pro-
probe with afterglow time 7 for the pressure 52Pa duct D . p for different pressures of the nEdnn
and various discharge currents. gasin the noﬂEm tube.

recombination the decrease of ion concentration N. is given by the equation (see

[5)):

?3 = N.(0) exp A..W v 8

where D is the diffusion coefficient, A is the characteristic diffusion _onmn. a a Em
afterglow time. From (1) the diffucion coefficient can be calculated -

bc..zc
At ANV

D=A?

The analysis of the dependence of the saturated ion current I, on the ion
concentration showed that under the condition used the saturated ion current at
a fixed and sufficiently large negative probe-to plasma voltage is directly propor-

tional to the ion concentration N.. With respect to this 89.: :5 a;?m_on
coefficients are determined from the equation:

A A——.- H+v , . va

— A2
D=A At

where the ion current I, is measured at a fixed probe voltage (-30V). The
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Fig. 6. Dependence of reciprocal value of ion
current I' against the afterglow time 7 for the
pressure 52 Pa and 20 mA discharge current. ,
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examples of the measured variations of the ion current I, with the afterglow time ©
for the pressure a 52 Pa and various discharge currents are given in Figure 4. In the
downstream part of the flow tube for 7=6 ms the plots of log I, against 7 are
linear, which indicates that the diffusion is the main loss process in this region [5].
In the upstream end of the flow tube for T=0—2 ms the influence of the gas flow
and plasma source disturbances are seen. ,

From the linear parts of the dependences of log I.. against 7 for various pressures
p in the flow tube the diffusion coefficients D describing the diffusion in the
flowing afterglow in the presence of the discharge plasma source are determined.
Figure 5 shows the experimentally obtained dependence of the product D . p on
the pressure p. The nonlinear part of the plot in Fig. 4 (for T=2—6 ms) indicates
that diffusion is not the dominant loss process in this region. Linearity of the plot
1/1, against 7 (see Fig. 6) confirms that recombination prevails in this region [5].

IV. DISCUSSION

The experimental data presented in Fig. 5 for the product D . p for various
pressures describe the diffusion process in the Ar carrier gas in the flowing
afterglow plasmas in the presence of a discharge in the plasma source upstream of
the flowing tube.

The obtained values of the diffusion coefficients differ from the known value for
the diffusion of Ar* in Ar. The difference exists because the described density loss
process is not simply the diffusion of Ar* in Ar. The diffusion process in our
experimental conditions is influenced by the presence of different types of ions in
the discharge (Ar*, Ar;, Ar** ... etc.) and a non-thermalized electrons. The
electron gas in the flowing afterglow plasma is heated by the present metastables of
Ar, by a thermal conduction and the photons from the plasma source. The same is
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valid for the dependence of D.p op p where conditions in source and Ar
metastables concentration are changed with the pressure in the flowing tube, .

The experiments described here are being extended in order to measure. the
electron distribution function and to study the presence and the influence of
metastables in flowing aterglow plasmas.
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