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One of the possible ways to determine electron temperature from two measurements of probe current on the
electron part of /-V characteristic is discussed. In this case an alternating voltage of fixed amplitude is applied to the
probe under floating potential via decoupling capacitor. It is shown that the probe bias voltage of magnitude [k7. is
enough to measure electron temperature and to calculate ion saturation current. The results of control experiment on
measuring of plasma parameters in magnetron gas discharge are in good agreement with calculations.

PACS: 52.70.-m

The classical method of measurement of the plasma
parameters is based on analysis of exponential part of
probe’s I-V characteristic [1]. It allows in principle to
determine temperature and relative density of plasma
electrons as a result of probe current measurement only in
two points of the probe characteristic. One of the possible
way to determine electron temperature from two
measurements of probe current on the electron part of /-V
characteristic was realized by Kaya [2]. In this paper the
electron temperature

k]'; = V2 N Vl
lnli2
el
was calculated after measuring the probe currents I, I,
under probe potentials V>, V.

However, such a method has several restrictions.
These arise owing to the fact that the measured probe
currents /l.;> must greatly exceed the ion saturation
current. It doesn’t always work due to increasing of
power dissipated by probe with increasing of /. current.
Furthermore the magnitude of current depends not only
on electron temperature and probe voltage V., but also
on plasma potential. The method’s ability can be
substantially widened, if amplitude of alternating probe
current is measured under average value of current on the

probe [ = (,i.c. when probe is under floating potential.

At [, =0 with zero initial bias on the probe the total

flow of particles on the probe n=n/V,+ nlV, is
essentially reduced. It leads to noticeable diminution of
heat load on the probe and consequently to increasing
measurement range of plasma density n. and electron
temperature 7,.. Our evaluations of thermal design show
that in the floating potential mode it is possible to
measure electron temperature and plasma density of
hydrogen up to the value of about 10" cm™ with T;, T,=30
+40 eV without necessity to take in account an effects
concerned with occurrence of ion-electron emission.

Lets consider the operation principle of measuring
circuit shown in fig.1. The probe is connected in series
with square shape voltage pulse generator G and gauge of
alternating current 4 through the blocking capacitor C.
Under zero value of alternating voltage, the blocking
capacitor is charged up to voltage of the floating potential
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Fig. 1. Measuring circuit
C — blocking capacitor, G — voltage pulse generator,
V —voltage pulse meter, A — current pulse meter
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Fig. 2. Current-voltage characteristic for the probe under
alternating voltage

U;— probe voltage at U)=0; U ; = AU, - probe voltage at
negative half-cycle of U,; U ; + DU, - probe voltage at
positive half-cycle of Uy, 1. — probe current

U=U+U,. U, — voltage between the probe and common
electrode of the measuring circuit (for example the wall of
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vacuum chamber); U — voltage between the probe and
plasma; U, — voltage between plasma and common
electrode of the measuring circuit.

When an alternating voltage with amplitude U, is
applied the blocking capacitor C, which is charged up to
the potential U, change its charge so that average value of
current flowing through the capacitor kept zero value
(Fig. 2):

I,=17+1,=0-"

1.” - probe current at negative half-cycle of Uy; I.” - probe
current at positive half-cycle of U,.

Lets equate current balance for both half-cycles U, of

alternating voltage and for the case when U =0
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1) — ion saturation current;

I — electron saturation current;

1." — probe current at negative half-cycle Uy,

1. — probe current at positive half-cycle Up;

I.— amplitude value of alternating probe current;

Uy — amplitude alternating voltage;

U — voltage between the probe and plasma under
U():O.

The solution of combined equations (1-5) gives

i 2o
ot L. ©)
Iy-1,

One can measure I; and I under two values of
alternating voltage Uy, Uy and therefore to calculate I,
i.e. the magnitude which is proportional to plasma density

In I‘; t Lo
Uy - I(f) -1, 7)
U02 l”l I(L) + 192
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constant to adjust the

amplitude U, to such value that the ratio of measured
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currents would be equal to IL = (Jre)z =
e
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kT,= U, I = 13131, = 2,184] , .
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In this case, under condition the ratio of measured
currents is equal to
1 Shett
e tetl a6,
I, e-e+1
kT, = Uy, 1) = 11051, = 21641,,.

Thus for measuring electron temperature and ion
saturation current it is possible to use alternating voltage

with amplitude [0k7, . This method gives clear advantages
when studying dense plasma and plasma with relatively
high electron temperature.

Schematic diagram of experimental circuit that allow
to determine k7. and I/ from two measuring of probe
current /., and I.; under two values of alternating voltage

Uy, and Uy; is shown in fig. 3.
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Fig. 3. Schematic diagram of experimental circuit:

1) voltage pulse generator with controlled amplitude;
2) blocking transformer; 3) integrating amplifier of probe
current; 4) detector; 5) switch generator, 6) output
amplifier; 7) blocking capacitor; 8) connecting cable with
double core screen

The squared shape voltage pulse generator with
variable amplitude (1) is loaded on blocking transformer
(2). The first out secondary winding is connected to the
probe through the blocking capacitor (7). Another one is
connected to the input of the measuring amplifier (3) of
probe current which output signal comes to full-wave
rectifier. Working frequency of generator is in the range
of 20...100 kHz. Since measured probe current is periodic
and its average value is equal to zero, a probe current
amplifier is realized as an integrating amplifier circuit.
This gives an opportunity to efficiently suppress the noise
component of probe current keeping total sensitivity high
enough. After detection, the measured signal is
additionally integrated by switch integrator (5) operating
on frequencies, which corresponds to 2, 4, and 8 periods
of alternating voltage. It leads to increasing of circuit
sensitivity in 2, 4, 8 times and respectively to further
decreasing the noise level of the probe current. After



second integrating, a signal comes through the repeater
(6) to the recording device.

To decrease the entry level of measured alternating current
that is flow parallel to the probe current through the capacitor
of the connecting cable, the circuit of cable capacity
neutralization is used. It consists of additional winding of
blocking transformer and connecting cable with double core
screen connected each other as shown in fig. 3.

Neutralization of connecting cable capacity with length of
about 2 m allow to decrease an entry level of measured current
down to =1,5 uAd at 2U;~4 V under working frequency 50
kHz. Time sequence of measuring circuit operation is shown
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Fig. 4. Time sequence of measuring circuit operation:
A) discharge current; B) U, — generator output
voltage; C) I, — measured probe current

Results of calculations were proved with the help of
above-mentioned measuring device when measuring
plasma parameters in magnetron discharge. The works
were carried out on the experimental setup described in
details elsewhere [3]. Discharge parameters were
following: working gas Ar, pressure 3-10~ Torr, discharge
current 7,/=2,5..3,5 A, voltage on the discharge gap
U.=460...480 V, pulse time of discharge current 6 ms,
pulse rate 100 kHz (fig.4a). Cu cathode with diameter
190 mm was used.

The cylindrical probe of tungsten (length 5 mm,
diameter 0,5 mm) was placed on the axis of discharge
chamber at a distance 80 mm from the cathode. Results of
measuring plasma parameters are shown in fig. 5

At different values of 2U, the probe currents I, were
measured. Then I/ (formulas 8 and 10) and k7, (formulas
9 and 11) were calculated from two values of probe

current /,; and 1., obtained at fixed ratio 77 and then
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Results of these measurements are shown in fig.5.

The offered measuring device allows determining
plasma parameters with the help of electric probe under
floating potential of any magnitude without using
constant bias potential on the probe.

Because the measuring was carried out on plasma
with small density (n~10° cm ~ %) and therefore high
relative level of probe current fluctuations, the major
attention was given to the technique of measured

further were used to calculate 7, = 1,

information averaging (double integration of probe
signals). With increasing the plasma density, the relative

. . -1
level of probe current fluctuations is decreased D(n) > It
allows increasing the measurement accuracy and time
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Fig. 5. Dependence 1, = I, :
exp(=2)+ 1
p( KT )

a) discharge current [,=2,5 A;

1) =3, I,=101,5u4; kT, =082¢el .
UOZ
U, ,
2 MT2 17 989pd; KT =079¢).
02
b) discharge current 1,=3,5 A;
U :
1 UO‘ =3, I,=137244; KT,=0,75eV .
02
U .
2) UO‘ =2 [/=1415u4; kI,=08%¢V .
02

resolution, which depends on working frequency of
voltage pulse generator.
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BUMIPIOBAHHSI TEMIIEPATYPH IIJIA3MHU EJIEKTPHYHUM 30HAOM
I IJIABAIOYUM NOTEHHIAJIOM

B.M. 3ankino, B.B. booxos, C.C. Animos, M.O. A3apenxos, Bon.B. bookos, A.B. Oniwenko, P.1. Cmapoeoitmos

VY crarti 3amporloOHOBaHO OJWMH 3 MOJXJIMBHX METOJIB BHM3HAYCHHS CJIEKTPOHHOI TeMIepaTypH 3a JBOMa
BHUMIPIOBaHHSIMH 30HJIOBOTO CTPYMY Ha €JEKTPOHHIN T BOJBT-aMIEPHOI XapaKTEPUCTHKU. Y IbOMY BHIAAKY
3MiHHa Harpyra IOCTIHHOI aMILTITYJ¥ NPHUKJIANAETHCS IO 30H/Aa depe3 po3B’si3ylounii KoHaeHcaTtop. [lokasano, mio
noreHuian 3ouaa [k7, gocTaTHIN Ui BUMIPIOBaHHS EJEKTPOHHOI TEMIIEpAaTypH Ta OOYMCIEHHS 10HHOTO CTPyMY
HacH4eHHs. Pe3ynbTaTé KOHTPOJIPHMX EKCIEPHMEHTIB 3 BHM3HAUCHHS IUIa3MOBHX IapaMeTpPiB Yy MarHETpPOHHOMY
po3psal 1oOpe Y3roHKYIOTECS 3 pO3paxyHKaMH.

MN3MEPEHUE TEMIIEPATYPbI IVIA3MBI 2JIEKTPUHYECKHAM 30HAO0OM
O IJIABAIOINAM NOTEHIIUAJIOM

B.M. 3ankuno, B.B. bookos, C.C. Anumos, H.A. Azapenkos, Bn.B. bookos, A.B. Onuwienko, P.H. Cmapoeoiimos

B craTtbe mpeioskeH OAMH U3 BO3MOXKHBIX METOJIOB OIpEAETICHUs AIEKTPOHHOH TeMIepaTypbl 0 JBYM HU3MEPEHUSIM
30H/I0BOTO TOKa Ha 3JIEKTPOHHOM BETKE BOJBT-aMIEPHON XapaKTEPUCTUKU. B 3TOM ciydae mepeMeHHOe HalpsKeHHE
MOCTOSHHOW aMIUIUTYJBI MPUKIIAABIBACTCS K 30HAY 4epe3 pa3Bs3bIBAIONIMK KoHAeHcaTop. IToka3aHo, yTo moTeHIHan
3o1a [KT. mocraroueH Il M3MEPEHUs 3JEKTPOHHOW TEMIEPaTypbl M BBIYHCICHUS HOHHOTO TOKA HACBHIIICHHUS.
Pe3ynbraThl KOHTPOJIBHBIX 3KCIHEPHMEHTOB IO OMPEACICHHIO IUIa3MEHHBIX I1apaMEeTpOB B MAarHETPOHHOM paspsiie
XOPOIIIO COTIACYIOTCS C pacdeTaMH.
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