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CHAPTER IVA 

MEASUREMENT OF PLASMA CUP-RENT AND 

CAPACITATIVE CURRENT IN A RADIO FREQUENCY 

GAS DISCH.;..RGE 
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CHAPI'ER - IVA 

· · L'iEASVREJXiENT CF PLAS1"1A CURRENT ANL 'l'HE CAPAC T:rAT IVE 

,CURRENT IN A RADIO FREQlJENCY GAS .DISCHARGE. 

When a discharge occurs in a cylindrical glass tube, 

fitt~d with ·intemal or __ exteJ;:nal plane paralle~ electrodes 
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and ~xcited by a radio frequ~ncy- source then in adci~ion to the 
I 

two components of discharge current whose phase difference with 

the applied radio frequency field depends upon the ratio of 

applied frequency and collision frequency of electrons with 

/>- neutral atoms there will be a current due to capacitative effect 

of the electrodes fitted in the discharge tube. If the discharge 

currents one due to flow through the plasma and the other 

flm.,ing due to capacitative effect of the discharge tube 

(vacuum displacement current) cannot be separated from one 
I 

anotner. 

Francis and von Engel (1953) measured the actual current 

flowing through the discharge where the capacitative current 

flowing across the external electrodes is balanced by a bridge, 

the bridgebeccming unbalanced when current flO'iTS through the 

gas: .with the help of a similar procedure Penfield and ~varder 

(196J) d~veloped and tested an electronic circuit to measure 

the c,urrerit in a high voltage radio frequency plasmai Clerk, 

Earl and New (1970) dete~ined the complex inpedance of a 

radio-frequency discharge excited in hydrogen by a similar 
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technique. It is however, Observed in practice that it is 

difficult to.baiance the bridge accurately and a lot of adjustment 

and screening is necessary thrcughcut the measurem&hts at 

aifferent ranges of applied voltages. An alternative method of 

~epaiating and measuring the plasma current and the capacitative 
•. ' 

·' 

current is suggested here. 

~-ve consider the circuit as shown in Fi,g. 4.1) R is the 

ohmic resistance of the plasma and C is the capacity of the 

discharge tube with ·two electrodes; in parallel with the 

~- discharge tube there is a variable inductance L in series with 

a radio frequency milliameter M2 ilhereas ~~ is the radio 

frequency milliameter which indicates the main current in the 

discharge. Rr, is the ohmic resistance of the inductance- L. 

Hence the total current 

(4.1) 

where IR is the resistive part of the current through the 

plasma of resistance R, I is the capccitative current through cp 

the plasma due to capacity of the plasma of capatitance cp, rc 
,, 

through the capacity C and IL through the inductance L 

I=~ +JwCpV+ R~JwL + Jwcv 
L 

y+ 
R 

VRL + jWV{C+ Cp)-
Rz. +W2~. 

L 

-.· .t:,. 

JwVL 
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where v is the radio frequency vel tage applied to excite the 

discharge, 

at resonance, 

for resonance 

v 
I==-+ o R 

C+Gp== 
1 

now C = € C~ where E is the dielectric constant of the 
p 

plasma, and 

where Wp is the electron plasma frequency and 

and~ is the collision frequency of electrons with c 
neut~al molecules, for low density plasma, E: is almost 

equal to unity and c + CP = 2C 

So from eqn. (4.3) 

and 

C= 

v 
R 

L 

( 4. 2.) 

(4. 3) 

(4. 4) 

(4. 5) 

" In case of glow discharge tubes C = ~Trd€o ~·!here A is the area 

of the eleetrcces and d is the distance between them. If A/d 

~ is not much different from unity. 



c = 
A 

4 ITd X 9 X 10
11 

-_From eql.lation (4. 4) -_-

L 

1 

2.C 

L + R2 :::: o--
2.G L 
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-12 
F ~ -10 F. 

(at resonance) 

___1.. So there are two values of L for resonance namely L1 and 

L2 and 

' 

~-

= if W = 10
6 

C/sec. 

If we design the coil L so that RL is of the order of a few 

ohms then ~L2 = 10-
12 H~and as L1 + L2 =O.SH then L

1 
is of the 

-12 
o~der of one Henry and L2 is 0f the order of 10 Henry. If 

we use the higher value of L for resonance then the total 

current at resonance I
0 

from eqn. (4.5) 

= v + -R 
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if it is a~sumed thet the radio frequency vol~age is of the 

·~ order 103 volts 

I 

~· 

I = V 
0 

R 
+ 

but as :the total· discharge curren·t is of the order of a few 

milli~mneres then I the current at resonance is ~r.JY o 

and 

I = V/R 
0 

6 -12 3 -3 
IC = j (.1) CV ~ 10 X 10 X 10 ~ 10 

so the current thru).gh the conde.nser will also be of the 

order of a few- milliamperes. 

Ic =)2 J w cv( = 1-

which 'can approximately be written as 

I RLV l ~ 
G R2+CD2L'2 

L 

(4. 6) 

(4.7() 

(4.8) 

As RL~ 111.. end L::::: 1 Henry so the contribt.:tion cf the 1st ter:rn 

is insignificant with that of the second term. So 

V(RL- JwL) 

B.2+UJ2L2 
L 

J=)-v-
R1 + JwL 

(4. 9) 
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Hence noting the current at resonance in meter M1 ~.,e can get 

'rR and noting the current in meter M2 ·r~e can get Ic. 

So by inserting a vc.ri2ble chcke in parc:llEH tc the 

discharge tube and attaining resonance by chc:nging _L- ·.·te _can 

directly measure the current thrcugh the plasma and the 

capacitative current through the discharge tube- separatel-y.

It is thus evident that as the capacitative current is of the 

same order as the current thr0ugh the plasma, its contribution 

to the m2in current should be taken into consideration in 

----+. calculating the radio frequency conductivity of the ionised 

gas. 

In the paper by Francis and Von Engel (1953) no data 

h0s been provided for capacitative current so actual comparison 

cannot be mc=.de. The capacitative effect' of plasma has been 

taken into consideration and as it is a low density plasma the 
' 

dielectric constant of the plasma is almost equc:l to unity. 

~- This method is valid for applied radio frequency of 

the order of few megacycles, volt.age of the order of 103 volts 

and radio frequency current of the order of a few milliamperes. 
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