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Abstract. An automated system, based on a personal computer for measuring double-probe characteristics in plasma of positive column of DC as
well as a microwave discharge is developed. The hardware setup is described and the software support is reported, which serves to derive the
electron density and temperature in plasma. Experimental results are
shown graphically.
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1. Introduction

Plasma diagnostics by double probe measurements is widely used and well explored.
The classical method applies a step motor-driven probe voltage and a X- Y recorder
(1,2]. The plotted characteristics are treated manually, getting U- 1 data for further
computation of plasma parameters. Unavoidable errors occur when we read out
data manually. The modern computer technique allows authomatization of plasma
probe U-1 measurements by suitable hard- and software, supporting the measurement of the U-1 probe characteristics, as well as their further treatment . For this
purpose the probe voltage is digitally set in steps by a programme and the probe
current is measured and converted into a digit, thus originating a two-dimensional
U- 1 data matrix. These data can be saved in the computer memory or on a floppy@1993 St. Kliment Ohridski University Press All rights reserved
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disk; the probe characteristics can be displayed, visually controlled and the plasma
parameters can be derived by software.
1. Hardware Description

A hardware setup of an automated system for plasma diagnostics (Fig. 1) is described below. An I/O (Input/Output) module consisting of 12-bit DAC (Digitalto-Analog Converter) and 12-bit ADC (Analog-to-Digital Converter) is used to
connect the computer to a high-voltage DC/DC linear converter [3]. The probe
voltage is set digitally by a programme, subsequently converted by the DAC and
the High-Voltage Converter into a positive analogous voltage and fed via switchboard to the probes. The probe current is measured by a Current to Voltage (C/V)
converter and written by the ADC into the computer.
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Fig. 1. Hardware setup of the automated system

The I/O module is connected to an I/O slot of the computer via bidirectional
buffer circuit 7415245 (Fig. 2). IC CM 758-lA is a 12-bit DAC with 5.12 V
reference voltage, maintained by a half IC 747 OpAmp. The other half of IS 747
buffers the DAG-output, so a full voltage range of 10.24 V can be achieved. Using
the MS-Byte of CM758-1A only, an output step of 40 m Vis obtained; if one needs
better resolution, all 12 bits of the DAC CM 758-lA can be programmed and output
step of 2.5 mV can be obtained.
The ADC of the I/O module is the 12-bit IC CM 757. It is refereed to 5.12 V.
Here a precise OpAmp of LF356 type is used. The input signal is buffered by a
half of the IC 747 OpAmp and via S/H circuit LF 398 enters the analogous input
of the ADC.
The circuit of the programmable High-Voltage DC/DC linear converter is shown
in Fig. 3. It is built up of the following: ICl 741 OpAmp comparator, highvoltage amplifiers (Tl and T2) and the end stage buffer transistor T3. The UDAC
voltage at the inverting input of the OpAmp is compared with the attenuated
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Fig. 3. Programmable high-voltage DC/DC linear converter

output voltage UATT at the noninverting input. The attenuator circuit consists
of the Rattl and 'Ratt2 precise resistors and the potentiometer Patt (with a 12.5
attenuation factor). Thus an output voltage step of 500 mV is achieved using the
MS-byte of DAC. The high-voltage amplifiers (Tl and T2) and the end stage T3
supply positive voltage from 0 to 128 V in steps of 500 m V to the probe connected
to the output of T3.
The switchboard is provided to supply alternatively probe Pl and P2 with
positive voltage, thus permitting one-polarity power supply to be used for measuring plasma probe characteristics. A zero-crossing detector (IC2 741 OpAmp
and IC3 7474 D-Trigger) switches on and off transistor T4 and the relay in its
collector-circuit, thus connecting probe Pl and P2 to the positive output voltage
of the programmable DC/DC converter. Using the programme, UnAc is set first
at 10.24 V, D-trigger is cleared, and T4 is off, so that positive voltage of 128 V
is supplied to probe Pl. Probe P2 is connected to the common point. The UnAc
voltage decreases in steps of 40 m V and Uout decreases in steps of 500 m V. When
crossing zero Volts, the trigger is set to one, so that transistor T4 turns on and the
relay commutates the probes. Now the first probe Pl is connected to the common
point and positive Uout voltage is applied to P2. Using the programme UnAC in-
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creases in steps of 40 m V and the voltage at P2 increases in steps of 500 m V. In
the first case when probe Pl is positive and P2 is at the common point potential ,
the voltage applied between Pl and P2 is positive; in the second case when Pl is
at common point potential and P2 is positive, the voltage between Pl and P2 is
negative. The probe current is measured by a Current-to-Voltage converter, built
up of the IC4 MAB 356 OpAmp with a precise feedback resistor lkf2/0.l %. If the
probe current varies between 1 µA and 2 mA, the output of the Current-to-Voltage
converter ranges from 1 mV to 2 V. The input bias current of MAB 356 OpAmp
can be neglected and the offset error can be minimized with the potentiometer P.
As the converter output voltage is negative at positive probe current and vice versa,
another OpAmp 741-IC5 will be used with 2.5 V offset. Its output voltage can vary
between 2.5 V and 4.5 V at positive prove current and from 2.5 V to 0.5 V when
negative probe current is measured. This voltage is fed to the ADC in the I/O
module. The +2.5 V offset should be corrected by software.
2. Software Realization
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The measurements are supported by software in BASIC , which addresses the I/O
module and originates U- I data file, named in accordance with the conditions of
the measurement. Then this file is written on a floppy disk and saved.
Another software package in PASCAL serves to obtain plasma parameters from
U-I measured data. After starting the programme, the following data are to be
set:
- length and diameter of the probe used,
- mass number,
- name of the U-I data file.
After data correct check, the two data matrices are debugged:
INTEGER,
REAL.
The integer data are shown as experimentally measured points in Decarte's coordinate system on the display. The X-ax:e is quantized in intervals, each one containing
7 pixels. In the intervals the least square method is applied and an approximating
curve is drawn.
The margins of the regions are defined visually, where a linear approximation
by the least square method is undertaken. This approximation is done over data in
both matrices - INTEGER and REAL. The results of the first matrix are three
stretched lines, which serve for the visual control of the approximation quality. The
currents I[ and I[' (extrapolated values of saturation currents at floating potential
where l=O) are to be defined from the real matrix for both end regions. For the
middle region the derivative at point I = 0 is to be defined too.
The electron temperature is defined by the formulae:
Te

= .:._ . ~I· 1:;,
x

I; +I;

where xis the Boltzmann constant;

. [dI/dur 1 j

(1.1)
l=D

= x = 1.3807 x 10- 23 J/Kand e is the electron
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charge; e = 1.6022 x 10- 19 C. Then by the formulae
. - 8co7r

I, -

.

9 ( 2e/m,)

[U3/2

1/2

(1.2)

Ro(J2(r, /Ro)

(where I is the probe length and Ro is the probe radius) the function f3 2 (r,/R 0 ) is
obtained. Here r, is the radius of the boundary surface between the unperturbed
plasma and the sheet around the probe.
The plasma density n can be defined using r, and Te:
n=

_!j_
keS

(2xTe)-l/2

(1.3)

m;

where coefficient k depends on the probe geometry (for cylindrical probe k = 0.4)
and S is the surface of the sheet.
The results are displayed and statistics are given for the number of the experimental points extrapolated in each region, as well as for the mid-square deviation
between the approximating lines and the curves, obtained from the REAL-matrix
data.

3. Experimental Verification of the System
The system was applied for plasma diagnostics in a positive column of a DCdischarge as well as in a microwave discharge sustained by a powerful propagating
surface wave [4].
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A double-probe U-1 characteristic, obtained after approximation of measured
data in the positive column of a DC-discharge in Ne by pressure 2 Torr and tube
radius 1.2 cm is shown in Fig. 4. From this characteristic the following plasma
parameters were found : electron temperature Te = 4.74 eV and electron density
ne = 9.1 x 10 10 cm- 3 . For comparison the electron temperature Te was defined by
the dependence xTe/ Ei, universal for all gases, (x being the Boltzmann constant
and E; - the ionization energy in eV on cpR, where c = 6 x 10- 6 for Ne, p is
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the pressure and R is the tube radius). The theoretical result for Te = 4.8 eV is
in a very good agreement with the electron temperature, experimentally defined.
The obtained electron density matches well with the theoretical evaluation of ne =
9.94x 10 10 cm- 3 for the discharge current I= 5 mA and by the previously mentioned
discharge conditions.
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Fig. 5. U-I characteristic of a microwave discharge
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The second part of the experiments aimed to prove the ability of applying the
system in microwave discharge. Measurements were performed at the "tail" of a
stationary microwave discharge, created by a propagating azimuthally symmetric
powerful surface wave (SW) of frequency Jo = 2375 MHz . The SW was excited
by a surfatron [4] and the plasma column was created in N2-gas pressure p =
5 - 8 x 10- 2 Torr in a quartz tube with relative permittivity €d = 3.78. The power
applied from the generator was about 150 W. Because of the small dimensions of
the wave launcher, the shape of the tube is chosen to create plasma in a large
volume. In this case the perturbations from the probes should be comparatively
small. The tube consists of two parts. The surfatron is situated on a tube with
diameter d = 0.8 cm. The length of the smooth transition between the two parts
is suitably chosen according to the. relationship:

u (V)

L = l.4(D- d)
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(1.4)

where D = 2.7 cm is the diameter of the wider tube. Such length of the smooth
transition part ensures minimum reflection of the wave. The Tungsten probes
with diameter 0.2 mm and length 1 mm were positioned at the end of the plasma
column (10 cm from the SW launcher) on the axis of the tube. The interest in the
measurement at the tail of the plasma column was stimulated also by the fact, that
though a lot of diagnostic methods [5,6,7] for measurement of microwave discharge
parameters exist, data about the electron density at the end of the plasma column
are insufficient. The measured U- l characteristic (p = 6 x 10- 2 Torr and UHF
power P = 150 W) is shown in Fig. 5. The intensive oscillations observed at the
tail of the plasma column, challenge significant fluctuations in the resultant probe
current. The measured electron temperature Te = 4.5 eV is in good agreement
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with the experimental results, obtained in similar conditions by other authors [9].
A passive compensation for decreasing the influence of microwave field on doubleprobe U-1 characteristic is used [9,10]. It should be pointed out that the measured
electron density is less than ncr
mw 2 (l+t:d)/47re 2 , where mis the electron mass,
w
27r fa and e is the electron charge.

=

=

4. Conclusion

The good agreement of the experimental results with the theoretical evaluations and
with the previously obtained by other authors plasma parameters shows that the
system may be successfully applied for double-probe plasma diagnostics in DC - as
well as in microwave discharge. A relatively good time performance is achieved by
an output-voltage step .of 500 m V (about 40 s takes the measurement itself); using
coprocessor for further data-treatment the whole diagnostics can be completed in
less than 1 min.
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