
 

A relaxation experiment with an inductively coupled argon
plasma
Citation for published version (APA):
van der Mullen, J. A. M., Brienesse, P., & Schram, D. C. (1989). A relaxation experiment with an inductively
coupled argon plasma. In J. M. Labat (Ed.), XIX International Conference on Phenomena in ionized gases :
Belgrade, 10th-14th July, 1989: Contributed papers 2 : Tuesday 11th july 1989 (pp. 320-321). University of
Belgrade.

Document status and date:
Published: 01/01/1989

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024

https://research.tue.nl/en/publications/ced37900-dcba-4d2f-b9f6-47b045931640


320 

А RELAXATION EXPERIJIENT WITH AN INDUCТIVELY COUPLED ARGON PLASИA. 

J.A.M. van der Иullen, Р. Brienesse and D.C. Schram 

Department of Technical Physics, Eindhoven university of technology 

РОВ 513, 5600 МВ Eindhoven, the Netherlands 

Inductively coupled plasmas (ICP) are created 

in а load coil supplied Ьу а RF generator 

[1]. We operate with а 100 Иhz Philips 

generator 

purpose. 

designed for spectrochemical 

А point of recurrent dt~~11~~inn is the 

presence of (near-) local thermal equilibrium 

{LTE) in the argon ICP. This discussion has 

three aspects. 

1) In how far does the equality т. = Th holds 

in which т. is the electron temperature and 

Th the temperature of the heavy particles? 

2) In how far are the atomic levels populated 

according to Saha [1]? 

3) What is the correct form of the Saha 

density if Те# Th [2]? 

А technique to tackle these questions 

experimentally is the use of а relaxation 

technique а.о. described Ьу [3,4] and applied 

to the ICP Ьу [5]. The generator is swit~hed 

off during а short period (typically 100 µs) 

Ьу which 4 relaxation mechanisms are induced 

in the plasma. 

thus а jump in n 5 {p), cf fig.2. 

2) Recombination. The electrons and ions will 

recombine in а time Tn = 10-4 s which means 

that the Saha line will descend retaining its 

slope. Thus n 5 (p) decreases slowly. 

3) UPnfing. Ii the RF generator is switched 

on the slope of the curve decreases resulting 

in а sudden decrease of the density (т = ~r}. 

4) Ionization. Since n. and n. increase in а 

time Tn we find а relatively slow increase of 

the density to its original value before the 

switch off. 

n(p)r 
-~т--т--

RF off RFon 

This will Ье discussed in view of the density Fig 1 

of а highly excited state р for which we 

assume that, at any moment, the population 
' density n(p) is determined Ьу the balance of 

ionization and 3 particle recombination~ 

which means that the density is given Ьу the 

Saha equation [2] 

~ 
g(p) 

where n. and n+ are the electron and ion 

density, g. and g(p) the statistical weight 

of the ion groundstate and the level р, 

whereas lp is the ionization energy of the 

level р. 

The response of the density n 5 (p) on .the 

switch off and on procedure can Ье described 
Ьу the following scenario {cf. figs 1 and 2): 
1) CooLing: Immediately after the switch off 
the electrons will Ье cooled Ьу the heavy 

particles such that т. changes into Th in а 

cooling time тr = 10-6 s. This means а.о. an 

increment of the slope of the Saha plot and 

1 
lnj(p) 

Fig 2 



Let us cons1der the cool1ng mechan1sm dur1ng 

wh1ch n 8 (p) changes w1th the jump lactor 

j 8 (p) = n 9 (p;n 0 ,Th)/n9 (p;n.,T.). 

The jump can Ье related to, = т.1тh Ьу the 

relation 

+ I.[, - 1]/kTe {2) 

which is obtained using eq(l) for Th and Т. 

and realizing that since ТЕ<<т •. the value n. 

and n+ will remain constant during the 

cooling process. The arrows labeled "1" in 

f ig. 2 represent the jump factor and are 

plotted against Ip in the bottom of fig. 2. 

The intersection of this curve wi th the axis 

gives the rat.io , - T 0 /Th while the slope 

equals 1/Т •. 

+ 

4р 

з
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Fig 3 
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Figure 3 presents preliminary results 

obtained from relative line intensity 

measurements of several atomic transitions in 

the active plasma zone between the windings 

of the load coil. То obtain the jump for а 

given line we used the ratio of the intensity 

before and 
0

immediately after the swi tch off. 

The line intensity is integrated along the 

line of sight intersecting the skin of the 

plasma (cf. fig. 4); i.e. the annular zone in 

which the energy is coupled in. It is to Ье 

expected that the contribution to the line 

intensity of the plasma part on the line of 

sight but outside the skin region can Ье 

neglected. 

The solid curve in fig. 3 is the best fitting 

one with а slope determined Ьу independent т. 

measurements (6]. We find а value of, =1.37. 

А plot for the region just above the load 

coil gives the value , = 1.25. This is in 

accordance with the fact that the more 

electrons are heated (and heavy particles 

cooled) the. higher, should Ье. In principle 

it must Ье possiЫe to deduce т. from the 

slope of the curve for highly excited states. 

However this can only Ье done if spatially 

Line of sight 

Fig 4 

Skin 

resolved measurements are used; an aim 

the direct future. Figure 3 shows that 

lower excited Аг levels (4р) are not on 

curve. This is related to the fact that 
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for 

the 

the 

the 

densities 'of these levels deviate from the 

Saha value n 5 (4p). These deviations from 

Saha, their relation to the ionization and 

recomЫnation processes and the recomЫnation 

coefficient as obtained from the 

recomЫnation period "2" (cf fig. 1) are 

discussed in [1]. 
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