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1. Introduction

We describe the measurements of the ambipolar diffusion coefficients of trataxc ions

with electrons in neon afterglow plasma, under the conditions when the ambipolar diffusion
was the dominant loss mechanism for the charged particles. For the observation of diffusion
cooling of electrons we used the single Langmuir probe technique. The phenomenon of
diffusion cooling was evident as a decrease of measured electron temperature and as
a reduction of the parametBrpy below the pressure invariant valllgp, measured under
conditions without the diffusion cooling [1].

When the electron mobility exceeds the ion mobility in the diffusing plasma, the space
charge field is established at the plasma boundary. It means, that the electrons with sufficient
energy to overcome this field barrier can escape to the walls. This process results in the
reduction of the higher energy part of the electron energy distribution and hence in lowering of
the mean energy of the remaining electrons. The transfer of energy to electrons by means of
collisions between electrons and neutral species or ions partly balances the decrease of
electron mean energy. If such collisional transfer of energy does not completely compensate
for the diffusive loss of energy, the new equilibrium of electron temperature is reached. When
the dominant electron energy transfer process are the collisions with neutral species, then
there exists a pressuypgabove which the diffusion cooling is not significant and below which
itis.

In plasma consisting of electrons and of one type of positive ions the ambipolar
diffusion coefficientD,, is related to the ion and the electron free diffusion coefficiéts
D-, via the well-known relationship
_D,pu_+D_p,
Y

D

a

1)

In this expression, the symbals, 1. represent the ion and the electron mobilities. Assuming
that the electron mobility is very much greater than the ion mobility, that the energy
distribution of charged species is Maxwellian with temperatliyeand T, respectively and
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that the neutral atoms and the ions have the same tempeifatig (ve can write

g 1.0

D.=D.d+=2Q 2
O O

In the plasma, where the charged species are lost only by the fundamental mode of ambipolar

diffusion and where the electron temperature is constant, the density of charged peaticles

particular place decreases according to the relation

n=r,exp-At). 3)
The decay constantis given by relationship
D,p=AAp. 4)

N\ is the fundamental mode characteristic diffusion length of the vessel containing the
plasma. The product of ambipolar diffusion coefficient with working presSype is under
normal diffusion conditions independent of the pressure and size or shape of the vessel. From
Eq. (2) we can see, thBtpo is depends oili/T; . ForTe=T; it is to be expected th&,=2D.
and for the zero value df; (limit of the diffusion cooling) the value dd, approaches the
value ofD..

2. Experimental Apparatus

Plasma was produced in pure Neon by 10 microseconds long pulses of radio-frequency power
coupled capacitively to the gas by means of two external electrodes [2]. The pulse repetition
frequency was 25 Hz. The plasma was contained in a cylindrical tube 20 cm long with 9.3 cm
internal diameter/A?= 3.42 c). Single Langmuir probe method was used for measurement

of the electron temperature and density. The electron density was obtained from the electron
acceleration region of the probe characterisfio/§l V plot), the electron temperature from

the slope of the probe characteristic in the electron retarding regime plotted in
semilogarithmic scale. The probe was located at the centre of the discharge vessel and the data
in dependence on the afterglow time were acquired using the computer-controlled system with
the time resolution of 1(s.

3. Results

The electron temperature was determined from the electron retarding region of probe
characteristic. This part of characteristic plotted in semilogarithmic scale was generally linear,
see Fig. 1. This is an indication that the distribution of electron energies was close to
Maxwellian. For all working pressures the electron temperature decreased after a period of
several milliseconds to an equilibrium temperature value. At pressures greatgx,thian
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cooled to the wall temperature of 300 K. For the pressures lpgltve electron temperature
cooled to the value below the wall temperature, see Fig. 2,3. The lowest recorded temperature
was 80 K at working pressure of 6 Pa. It was the lowest gas pressure for which a repetitive
discharge could be ignited. The critical presspge at which diffusion cooling became
apparent was approximately 0.2 torr.

The electron density was derived from the electron acceleration region of the probe
characteristic. The semilogarithmic plot of the electron density versus afterglow time shows
us, that the decay of electron density is not exactly exponential. We could observe the
transitions from the higher diffusion modes to the fundamental mode one and to the free
diffusion in the density decay. The decay consfamas determined from the middle part of
the decay curve, where the loss of charge was supposedly only via the fundamental diffusion
mode. The measured data are presented in Fig. 4 in foxfpfversusp plot. We can see
that for the lowest pressures the valueNdAp decreases under the values in the region of
medium pressures. This is interpreted as a manifestation of diffusion cooling.

4. Conclusion

The measurements presented in this paper show, that the effect of diffusion cooling of

electrons in neon afterglow plasma is measurable as a reduction in a electron temperature
below the gas temperature. The same effect is also demonstrated by a reduction of the
ambipolar diffusion coefficient below the value appropriate to the case Whefg. The

values obtained from measurements are within estimated experimental error in agreement
with the results published in [3].
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Fig. 1. The decay of the electron density
(solid line) and temperature (dashed line)

in the neon stationary afterglow

Fig. 2. The electron temperature as
a function of afterglow time in neon with
the diffusion cooling (pressure 15 Pa)
the diffusion

and without cooling

(pressure 25 Pa)

Fig. 3. The equilibrium electron temperat-
ure as a function of gas pressure in neon.

The wall temperature was T,= 300 °K.

Fig. 4. The measured variation of A°Ap

with pressure from electron density decay

in neon.



