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ELECTRICAL MACROPARAMETERS OF HIGH
FREQUENCY BIPOLAR DISCHARGES IN AIR
UNDER REDUCED PRESSURE*

CTIBOR TESAR**, Brno

Measurmeent of electrical macroparameters has been one of the ways of high
frequency discharges diagnostics. For the interpretation of results and appropriate choice
of a discharge equivalent diagram appears decisive. Experimentally established electrode
voltage drops may lead to specification of an equivalent diagram and then to localization
of capacity susceptance into the electrode layer region.

JJIEKTPHYECKME MAKPOITIAPAMETPbI BBICOKOYACTOTHBIX
BHITOJIAPHBIX PA3PAIOB B BO3IYXE IPH IPUBEAEHHOM
OABJIEHHH

H3mepenne snektpuyeckux MaKpOnapaMeTpoB ABAANOCh ONHON U3 Uesieil MarHoc-
THKH BBICOKOYACTOTHBIX pa3psanos. Qs MHTEPTIpETaUMK PE3yNbTATOB BBIGOP COOTBET-
CTBYIOLEH IKBUBANICHTHOM RuarpaMMui paspsijia UMEET peLIaOWEe 3HaYeHHe. JKc-
NEPUMEHTANBHO YCTAHOBEHHOE 3/MICKTPORHOC HAfEHUE HATNPAXEHUS MOXET npusBecTH
K YTOUHEHHIO BLIGOpA 3KBHBAJIEHTHO AHATPAMMBL ¥ K NOKANH3ALMK EMKOCTHOM Mpo-
BONMMOCTH B O6nacTu 3nexTpoga.

L. INTRODUCTION

Measurement of electrical macroparameters has been one of the ways of high
frequency discharges diagnostics. For the interpretation of results an appropriate
choice of a discharge equivalent diagram appears decisive. Experimentaly estab-
lished electrode voltage drops may lead to specification of an eqivalent diagram
and then to localization of capacity susceptance into the electrode layer region.

* Contribution presented at the Second Symposium on Elementary processes and Chemical
Reactions in the Low Temperature Plasma, Vrétna dolina near Zilina, 1978.
** Department of Physical Electronics, PF UJEP, Kotlafskd 2, CS-611 37 BRNO.
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Il. THEORETICAL ANALYSIS

ge drop determination is in [1]. From the analysis it follows that for

the thermal energy, which the electrode obtains after nEmAB:meBmao: per
1 sec, we may write

€Xperiment it follows that P=0.
After modification

Q. =[U., +PUL] cos ¢ )
Q.=Ul cos ¢ @=0), . 3

effective values).

Wom@ooc.:m the fact that the &mormnmo current I,, the discharge voltage U, and

roparameters are always derived on the basis of an available equivalent discharge
diagram.

In the case of bipolar hf discharge we generally start with a parallel combination
of resistence and capacity (Fig. 1a). Using the values measured for the discharge

E E
R, c,
Rp Cp
R, C,
Fig. 1. Equivalent circuit diagram of bipolar hf &
discharges a) complete discharge (R,, C,); b) R, 1
distribution of discharge in the region of the
electrode layer (R,, C,) and the channel of dis- E E
charge (R,, C,). a)
by
Qe tw)
70}
1=10~70, oo
60} Qe=f(1,]  11.0kPa f%x 5

0 50 0 150 200 250

. .

:.T.Jb\

Fig. 2. Dependence of the thermal energy absorption Q. by the electrodes on the resistance component

of the discharge current L. 1 — distance of electrodes mm; pressure’ — 100 kPa; U, — electrode
voltage drop V,,,
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excitation power output N, the discharge voltage U, and the discharge current I,
among which the following general relation is valid

N,=U], cos ¢ , (5
W€ may determine the discharge admittance,

| :
Y, ”.NINH.T._eOv =G, +jwC, Amv

Y. =V(G, ) +(wCy=1U,,

the discharge conductance

G, =Y, cos ¢ . (7)
or the capacity susceptance
G =VY.~Gi=Y,siny, ¥
the discharge Capacity
Y, sin
Oh = P 4 A@V

and the resistance component of the discharge current

L=l cosg. (10
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Fig. 3. anmclzm instruments in the generator circuit. 2 — hf wattmeter VF. G. generator; A — hf
A-meter, B. Q. Excitation circuit; V — pf V-meter.
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Measurements of electrode voltage drops U, for unipolar and bipolar discharges
according to relation (4) have shown (Fig. 2) that U, = (150~160) V.; and for the
region of the above discussed drop there may be considered the distance 0.05 ~
0.1 mm from the electrode surface, which in fact means the region of the electrode
layer [1]. For hf discharges the voltage drop mentioned produces the capacity at
each electrode, which corresponds with the electrode layer region.
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of the electrode layer is represented by a parallel combination of C, and R,
whereas the region of the channel discharge is represented by the C, and R,
combination.

The general relation for the discharge admittance absolute valye (6) may be
rewritten in the form

Y = H+S~Aﬁwww+ﬁw_ W+Saﬁ4w@-w-w 11
e Gz_+w~v~+e£w~wﬁ@+9v~ ' a1

For short bipolar discharges up to 10 mm, where we can put C,, R,=0 relation
(11) may then be transformed into
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3.33kPo
6.67kPo
B.3 kRo
400 kPa
01.0kPo

b wn o

1. 333kPo
2. 6.67kPo
3. 13.3kPq
4. 400KkPq
5. 1010 kPa

Y,= /\ANIMN_VNJA@%VNMM\H . (12)

.

where 1/R, = G,(1/R,) represents the conductance and C, the capacity suscept-

ance within the region of the electrode voltage drops U., it means, within the

region of the electrode layer,

Using Egs. (7), (8), (9) the separate components of admittance and capacity C,

of the hf discharges electrode layer may fairly be determined.
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Fig. 8. Dependence of the discharge voltage U, on the current I, , U, = f(l.).
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Fig. 7. Dependence of the discharge current I, on the power N, I, = f(N.,). Distance of the electrodes
5and 0.2 mm.
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Fig. 10. Dependence of the capacity susceptance wC, and the capacity

C, of the electrode layer on the
discharge current I wC,. Ci=f(1,).

IV. CONCLUSION

From the theoretical analysis and experimental results two essential conclusions
may be drawn:

1) By measurements of the electrode voltage drops it has been established that
for hf discharges generated in air within the regijon of pressures 3.33 ~ 100 kPa the
following approximate value of the electrode voltage drop holds U, = 120~ 160 v,
(dependent on pressure), Figs. 2, 5, 6. .

2) The discharge capacitance component is determined by the electrode voltage
drop region, i. e. by the electrode layer region. It is directly proportional to the
power output of the generated discharge and thus, to the discharge current I,. It is
pressure dependent ; at pressures ranging from 3.33 to 100 kPa and a generation
power output of up to 220 W it reaches values from 0.1~25 pF, Fig. 10.

117




REFERENCES

[3] Farsky, v.: ¢s. Cas. fys. A 16 (1966), 95.

[4] Férnik, F.: Thesis, PF UJEP Brno (1970).

5] Farsky, V.: Folia Fac. Sci. Nat, UJEP Brno T 12, Physica, 9 (1971), 81.
[6] Tesat, C.: Scripta Fac. Sci. Nat. UJEP, Physica 1 (1971), 45.

Received October 4* 1978..

118




