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Abstract
High pressure helium microwave discharge by the moderate microwave power of 400W has been investigated. A method for the

determination of electron temperature and the plasma density by a Langmuir probe is established using Cohen model in the asymptotic limits

of DrRy']'"o *@, e=T/Tr- Oand O<tpr<ln(Dl),where Ro,Lo,Dl,T*,T"andgrarctheproberadius,theelectronDebyelength,

the Debye numbern ion and electron temperatures and the probe potential normalized by electron energy, respectively. Simple algebraic

functions derived from Cohen's results allow one to use iterative procedures for the determination of plasma parameters and avoid making the

fitting parameters discrete. The proposed fitting technique allows one to obtain reasonable plasma parameters even for high secondary

electron emission currents from the probe.

l.Introduction

High pressure discharges are of increasing interest for the reactive

plasma processingl). There are several convenient features of the

microwave excited high pressure non-thermal plasmas. In such

plasmas, gas flow rate can be much lower, power transfer from a

generator to plasma becomes higher, gas temperature becomes much

lower and the electrode contamination is devoid. Additional features

are the stability and feasible operation. Microwave discharge can be

operated over a wide range of experimental parameters (pressure: from

l0-5 Ton up to atmospheric pressure, microwave power: from several

watts up to kilowatts, frequency: from l0MHz up to l0GHz), which

facilitate to control the plasma in a variety of parameters2).

High pressure plasma processing can provide several advantages

over low pressure plasma one. There is no need of the equipment for

magnetic field generation and high vacuum systems, which can largely

reduce the equipment cost. Furthermore, high pressure plasmas enable

one to produce large amount of reactive species like ions, excited

atoms and free radicals. Therefore, high pressure discharges have been

used for gas discharge lasers or the ozone production for water

purification3).

For plasma source design and discharge performance optimization,

good knowledge of plasma parameters and their spatial distributions

are required. In order to interpret the data measured under different

experimental conditionsa), it is important to have a proper theoretical

model, which can provide reliable plasma parameters. The Langmuir

probe is a most widely used diagnostic tool for the determination of
plasma parameters because it can provide local plasma properties that

cannot be obtained by other diagnostic techniques. The pioneer model

of the probe diagnostic has been developed for the low pressure

plasmas by Langmuir and Mott-Smith5), where the collisions of
charged particles with neutral particles within the sheath region can be

neglected. Their results are strictly valid only for the cases where the
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sheath thickness or the electron Debye length is much larger than the

probe dimension. With increasing pressure, the mean free paths of

electrons and ions become much shorter than the probe dimension so

that their collisions have strong influence on probe measurements.

There are several theoretical kinetic models* of the collisional

plasmas6-r0) for the probe diagnostics. Waymouth6) assumed Xn/Rr<

lO, Rfl00 Lo> I, h/LD> l0 where Ro, h" and Lo are the probe radius,

the electron mean free path and the electron Debye length,

respectively. He assumed also that the plasmas are difftrsion-controlled

and that the electrons have Maxwellian energy distribution. Waymouth

showed that the results obtained under the assumed conditions reduce

to the results by Langmuir and Mott-Smiths) as the mean free paths

become long. Bienkowski and ChangT) considered a small Debye

length but an arbitrary ion mean free path for highly negative probe

potentials. They presented current-voltage probe characteristics in a

form useful for the direct prediction of the electron density, provided

the electron mean free path is known. Zakrzewski and Kopiczynskie)

considered the condition that the Debye number D,r = R/Lo is smaller

than 3 and that there are very few collisions in the sheath region. They

provided physical arguments for the effects of the charged particle

collisions on their currents to the probe. One of the effects is due to the

collision of charged particles with the neutral particles within the space

charge sheath, which causes an increase ofcharged particle currents to

the probe due to the destruction of the orbital motion of the charged

particles. In this case, the charged particles will lose their energies due

to the collisions with the neutral particles within the sheath region so

that they will be trapped in the potential well near the probe surface and

consequently will be collected by the probe. This phenomenon

dominates at a pressure higher than I Torr. The other effect is a

decrease in the charged particle currents to the probel0' l l). 
1n this case,

the charged particles will be scattered through the collisions in the

sheath and can escape from the potential well. As a result, the probe

current decreases. However, when the charged particles will not be

able to escape from the potential well, the probe will collect them. The

amount of the probe current may depend on the direction and angle of

* Kinetic models are considering the motion of individual particles in the
plasma sheath.
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the scattering of the charged particles. The laffer effect dominates at a

pressure lower than I Ton where the orbital motion limit is satisfied.

This result is contradictory with that of Chou, Talbot and Willisl2). The

collisional probe theory at the pressure higher than 100 Ton and for the

plasma density higher than lOle m-3 has not yet been so well developed

as the collisionless probe theory. Very few collisional probe theoriesls'
17) at such a high pressure and for high plasma density are available. In

the continuum limitls' l7), the mean free path of ions is much smaller

than the Debye length, which is much smaller than Rr. Su and Lamls)

considered that the neutral particle density is sufficiently high so that

both ions and electrons make numerous collisions with the neutral

particles before being collected by the probe. Under their investigated

discharge conditions, they found that at highly negative probe

potentials the sheath thickness becomes comparable with Ro. They

calculated numerically the probe characteristics for different probe

sizes. CohenlT) used the same theoretical model as proposed by Su and

Lam, but he assumed that the probe potential Vo is less than or equal to

the space potential / . Cohen represented his results only in a graphical

form, which is not convenient to use directly for the determination of

plasma parameters. In the present paper, we have developed a

technique which can provide plasma parameters directly for any D7

from 50 to 1600 using Cohen's results.

2. Langmuir probe theory for high pressure plasma

In the present section the probe theory for the high pressure plasma

will be reviewed. When the mean free paths are much smaller than Rp,

the motion of the particles can be described by the collision dominated

processes of diffusion and drift. Analysis of the probe characteristics is

carried out by Cohen based on simultaneous solutions of Poisson's

equation and continuity equations, in the case of Vo < ( . The

continuity equations for electrons and ions are given by

V.r-=-EI, =o (l)'e 
dt

v.[ =-d{* =o (2)-dt

where N",+ and I e,+ Exe the densities and fluxes of electrons and ions,

respectively. The flux equations for electrons and ions are given by

i" = -D,1N e + lt"N eVO (:)

4 =-D*VN* - p+N+VO Q)

where De,+?rrd p e*teptaSlnt the diffrrsion coefficients and mobilities

of electrons and ions, respectively. Only electropositive plasmas are

considered; i.e., electrons carry the entire negative charges. In such a

case, no negative ion density or flux is considered and the Poisson's

equation is given by

or ion temperature 7",+. To determine the diffusion coefficients the

Einstein's relations for the electrons and ions are taken into account.

i.e., ,{^,
Dr,* =+ Fe,+ t (6)

e
where rc is the Boltzmann constant.

Su and Lam considered a spherical probe in high density high

pressure plasmas in the case where the probe is biased with a highly

negative potential / . In this case the electrons are in thermal

equilibrium and their energies are in accord with the Boltzmann

distribution. Furthermore they considered the case where l.o is small

compared with Ro andTJT, is also small. They found that for small 2o

, the quasi-neutral solution breaks down near the probe surface and an

ion sheath is formed in front of the probe. In order to satisfy the

condition of N"-N*-0 at the probe surface, a very thin ion diffusion

layer should appear within the ion sheath when T+IT" is small.

However, Cohen assumed that the plasma density is sufficiently high

and that ions and electrons make many collisions with the neutral

particles before being collected by the probe. He concentrated the

analysis of the probe characteristics to the case of Vp < f . Cohen

solved the above macroscopic particle flux equations by applying

Einstein's relation together with the Maxwell's equation and Poisson's

equation in the asymptotic limits of Dtn @ ,TJT.- Oand O S qoS

ln(D,l) in order to determine the spatial profiles of plasma density and

space potential, where rpris defined by

Cohen assumed thatt De,+,k,a anrdTs,a are constant over the space. He

also assumed that the mean free paths of electrons and ions f" and L
are smaller than the sheath size.

The one-dimensional solutionsls) of the continuity equations and the

Poisson's equation for the spherical probe at (h= 0 are given by

9′ =―
Ψ

琢Ⅲ…赫→
暉Ⅲ…赫 J

(8a)

(8b)

(5)

where e, and e ate the permitivity of free space and the electronic

charge, respectively.

The data of gas discharges are available in the literature by S. C.

Brown2o), which allows ong to determine F e,+ ?s a function of electron

▽2φ =_■

"+―

Ⅳ
`)

where N, is N"and N+ at r = @, i.e., Ne(@)=N+(oo)=Na.

In Eq. (8a), the electron cuffent /" collected by the probe at cp;0

should be equal to the random electron current /"n. It is reasonable to

assume that N*=ty;o atthe probe surface. Therefore lencilrrbe derived

from Eq. (8a) as follows,

(9)

(10)

(11)

(12)

where ve,th, nte and oc,eute the thermal velocity, mass and total collision

cross section of electrons, respectively. The random electron flux per

unit probe surface atea, | 
"p 

can be written as

r′ =は ,αoD`
With       D` :れ

ν
`″

λ

`=洗

し滋=肝
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場 (13)

It should be noted that f 
"n 

is reduced by a factor of 4L"/3Ro compared

with the case where collisions are absent in the sheath region.

Numerical results calculated by Cohen give the relations between /"

or /+ and V, in the graphical forms for the selected values of D,t taken as

a parameter. It should be noted that the analytical formulae for the

probe characteristics are not available in Cohen's analysis. However,

for the determination of plasma parameters from the measured probe

characteristics, the modeling of the probe characteristics for an

arbitrary D,1is required. In the present paper, we have developed a

method which provides a set of algebraic formulae by fitting the

assumed functions such as the Gaussian or Boltzmann function to the

graphically presented results by Cohen. From Eq. (13),I"nis rewritten

by
I rR = esfeR

4
=ltRoeN olrlr,th (t+)

where S=4 r Fpis the surface area of the spherical probe. The value of

/, for an arbitrary qp can be presumably expressed by introducing a

function l*(gp,Dil as follows

(15)

Most of the present work was devoted to determining l"o(epp, Dil
using the numerical results by Cohen. The probe current 1, consists of

I+, I" a;nd the current I"^which is caused by the secondary electrons

emitted from the probe surface. In the high pressure high density

plasmas, a large amount of secondary electrons can be emitted from the

probe surface due to the Auger neutralization of ions or the Auger de-

excitation of metastable excited atoms at the probe surface. In such a

case, /, is given by

f′ =J`― r十 ~′
`″

・ (16)

With decreasing pressure, the contribution of 1",, to /, decreases due

to increasing wall losses of metastable excited atoms. For the pressure

lower than 100 Torr, I is already much higher than I"^ so that Eq. (16)

reduces to

r′ =r`_r+. (17)

In this case, N+(@) can be determined independently from N"(oo)

using the ion branch of the probe characteristics. For this purpose, an

expression for 1+ is needed. Again the results of Cohen's analysis can be

applied. The useful expressions to estimate N*(oo) can be derived by

the same procedure as that for electrons,

ν+滋 =肝 (22)

れ
一ち

位
Ｌ
ピ

‰
一４

〓上嗜
〓

ι=場ちレ′,Dぇ ).

where /*n md f +n ?r€ the ion random current to the probe and the ion

flux per unit probe surface area and rrr+, oc,+ and D+1n are the mass,

collision cross section and thermal velocity of ions, respectively. Again

l'+n is reduced by a factor of 4Ll3Rpas compared with the case where

there is no collision in the sheath region.

The ion current /+ for an arbitrary go is presumed as

r.=1.*E).,6r,'^1 ez)

where l*o(ep, D,t) is a function which should be determined based on

Cohen's analysis.

3. Algebraic equations derived for electron and ion current to the

probe using Cohen's analysis

Relations between I"n or I+n and gp numerically calculated by Cohen

under conditions of TJT" - O for several Dtare available as shown

by the marks in Figs. l(a) and 2(a).In the present work an algebraic

equation 1"n1cpo,Dh) best fitted to Cohen's results is deduced by

modifying Gaussian function. After somewhat tedious considerations

concerned with the dependence of 1", on gp, I^ (ep,D/ is empirically

presumed as follows:
( , ..2'l

r,n=#"*r]-4ry11 e4)n 
[ \ /)

Figure 1(a) shows that the solid curves calculated by Eq. (24) fit well

with Cohen's data for each Duby adjusting the values of m and n.

Table I summarizes the dependence of m and n on D;.. However, at this

moment, the values of m and n can be applied only for six values of

D,r used for fitting. In the practical use, m and r should be given as a

function of Dn Fortunately m and n can be approximated by

polynomial and logarithmic functions of Dt, respectively, as follows:

m (Dil=-4.154Hi2.429K 104D,tr5.023y. l0'ED^2, (ZS)

and

n(oil=6'044+0'55log(D,/, (20)

For reference, the fitted curves of m(Dt) and n(Dt) are shown in Fig.

1(b). Using Eq. Qq along with Eqs. (25) and (26), one can easily fit
I*(Ep,Dil to any Dl from 50 to 1600.

o24681012
Normalized probe potential ae

Figure l(a): Fitting of normalized electron current lenys. normalized
probe potential go(datalTl have been collected from Fig.
4).
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Figure l(b): Fifting of m andnvs. Dt

Tablel: Dependence of mandnonDt.

助

8.19433 4.14385

8.5805 4.1265

200 8.9684 -4.11063

9。35344 -4.06581

9.74051 -3.99136

1600 10.08626 ‐3.89445

The secondary electron emission currentl8).I"' is given by

Using Eq. (29) along with Eqs. (30), (31) and (32), one can fit
,*"1qpDil for any Dtfrom 50 to 1600. Now, utilizingBq. (23) together

with Eq. (29) under the mentioned conditions, one can analyze the

probe characteristics obtained in the high pressure plasmas. The

expression of Cohen's results by using simple algebraic functions

allows one to use iterative procedures in the next section for the

determination of plasma parameters and to avoid making the fitting

parameters discrete.

o24681012
Normalized probe potential -90

Figure 2(a): Fitting of normalized ion current /+z vS. normalized probe
potential ep (datattt have been collected from Fig. 4).
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Figure 2(b): Fitting of At, Az andp vs. D1.

Table2: Dependence of Ar Az and p on Dt
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where N, is the density of metastable atoms, v,, is the average velocity

of the metastable atoms and y^ is the secondary electron emission

coefficient. For the high pressure, I"^ is much higher than 1+.

Disregarding 1+ with respect to Is^, Eq. (16) can be written as

I o = I rxl rr(g o, D^)- I r , (28)

which can be treated as the electron saturation current*. Now, one can

easily apply Eq. (28) along with Eq. (24) to analyze the probe

characteristics measured in the high pressure plasmas.

As for l*n(gp,D;), its dependence on go given by Cohen's

numerical results suggests the next fitting function based on the

modifi ed Boltzmann function

Ｑ
ｏ
層
ど
ぃご

ち
Ｚ
一舞
〓
切

As in the case of l*(tpo, Dt), At, Az and p are obtained in such a way

that l+n-qb curves are best fitted to the Cohen's numerical results which

are summarized for six values of D,r in Table2. Figure 2@) shows the

curves best fitted to Ar, Az andp. The curves are expressed by rational

functions for At and Az and a sigmoidal logistic function for p,

respectively as

口  D、日50

0 D.=100
△ Dλ‐200

▽  Dλ‐400
◇ Dλ=800
+ Dλ=1600

-Fitted

Dλ ス′ A2 ′

1.12501 1.31191 0.38486

0。98238 1.20603 0.51786

0。8797 1.14344 0.6869

400 0。75678 1.108 0。96113

0.60697 1.0792 1.40106

1600 0.5349 1.06233 1.67109
纂り = (30)
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4. Probe characteristic measurement in high pressure microwave

discharges

The probe characteristics are measured in the high pressure

microwave discharge. Figures 3(a) and 3(b) show the schematic

diagrams of the experimental setup developed to produce non-

equilibrium plasmas and the cross sectional view of a discharge

chamber. The detailed description of the setup was published

elsewherel). The discharge chamber is made of a rectangular

waveguide 54 mm high, 108 mm wide and 130 mm long. Open ends of

the rectangular waveguide are closed by pyrex glass plates in order to

form the discharge chamber. Two cylindrical pipes made of tungsten,4

and 6 mm in inner and outer diameters, respectively, are inserted

perpendicularly through the wider walls of the rectangular waveguide,

as shown in Fig.3(b). The spacing between the stub tips is maintained

at l0 mm. In order to make a Langmuir probe, a tungsten wire of
0.8mm in diameter embedded in the insulation of an alumina tube, is

inserted through one of the stubs as shown in Fig.3(b). The probe tip I

mm long is placed at the center of the stub and along its axis. A l.skW

at the maximum, 2.45GHz pulsed magnetron with a repetition

frequency of l20Hz is used as a microwave power source. Helium is

used as working gas.

Figure 4 shows the probe characteristics measured at the helium

pressures of 100, 300 and 700 Ton. It is found that Ip measured at 700

Torr has a dip around Vrfrom 0 to -40V. The dip is caused by I"*,

which is induced by the excited helium atoms. On the other hand, for

100 and 300 Torr, the probe characterisrics do not exhibit the

remarkable secondary emission from the probe. It seems that the

production rate of metastable excited helium atoms grows almost

proportional to the helium pressure. Thus 1"", becomes predominant at

700 Ton.

Figure 3(a): Schematic diagram of the experimental setup.

* The term "electron saturation current" is used in analogous to the probe
characteristics in collisionless case. It is not the "electron saturation current"
in the sense of thermal flux in the plasma bulk.

Rectangular

Resistor
1004

'Bias power
supplY

waveguide

Probe tip

Figure 3(b):CrOSS‐ sectional view of the discharge chalnber.

€0 -60 40 -20 0 m 40 60 80

Probe potentialVp M
Figure 4: Current-voltage probe characteristics at 80 p sec after the

starting of the microwave power pulse. A tungsten probe is
used.

Table 3: Variation of plasma parameters with pressure. Data

considered only at 80 p sec after the onset of the discharge for

100, 300 and 700 Torr, respectively.

Pressure

P

(Ton)

Electron

density

ru" (m-3)

Debye

length

).o (m)

Debye

number

Dt

Electron

Lemperatur€

T" (eY)

Space

porential

dry)
l.50xl0re 4.30x10-6

300 l.36xl02o 1.38 xl0-6 355

5.36x1020 6.82x10'7

5. Analysis of measured probe characteristics

To obtain the plasma parameters, probe characteristics measured in

high pressure microwave discharges have been fitted using an iterative

procedure shown by a flow chart in Fig 5. The best-fitted curve can

provide 7", Nr, Ir^ and / . At first, the probe characteristic obtained at

700 Ton of helium shown in Fig. 6 is introduced for the estimation of
plasma parameters. We have selected a portion from the whole probe

characteristic for fitting as shown in Fig. 6. The part of the probe

characteristic to be fitted has been selected in the following way. The

point where the probe characteristic just starts bending gives the upper

limit of the curve, as shown by a point B in Fig. 6. The lower limit of

００

５０

００

ｍ

［く
Ｅ

】
Ｊ

“
ｃ
ｏ
」
』
コ
０

〇
一
０
』
Ｌ

-ro7-



the curve is chosen as the minimum probe current in the probe

characteristic, as shown by a point A in Fig. 6. In the estimation this

minimum current is treated as I"^. For the increase of 1"o, under a

pressue higher thdn 100 Torr, the ion part of the probe characteristic

should not be used otherwise it could provide over-estimation of N+.

The proposed fitting technique takes /",o into account, and allows one

to obtain reasonable plasma parameters even for very strongly

distorted probe characteristics in the case of the atmospheric pressure.

The probe current /o has been fitted using Eq. (28). The final value of

N" is calculated using the following equation

ItlY"=":!*'-:"- 4rRrr% (33)

where I"R,n , I"-,n and D",n are the calculated electron saturation current,

the secondary electron emission current and the diffrrsion coefficient at

the n-th iteration, respectively. The relative error used for the

evaluation of fitting is formulated as the probe current, and thus the

relative error €; is given by

E・・.1=

where i=1,2,3....n is the numberof iterations; j=1,2,3....k is the number

of measured points; laa; is the measured probe current at the j-tl, point

and lg,i; is the calculated probe current inthe i-th iteration and at theT-

thpoint, respectively. The iteration procedure shown in Fig. 5 for the

determination of plasma parameters is described below.

-t0 -60 -40 -20 0 2n n
Probe potentid Vp [Vl

Figure 6: Anomalous current-voltage characteristics measured by the

tungsten probe at the helium pressure of 700 Ton.

Step I : One has to define the parameters: (a) The number of data points

j to be considered. This will specify a portion from the whole probe

characteristic, which is to be considered for fitting. (b) The number of

iterations i can be initialized by 0. (c) The estimated error ea can be

initialized as l00%o.

Step 2: The values of Nr,7", I"-and / can be initialized by assumption.

If these initialized values are very close to the calculated ones, even a

few iterations can provide the best fitting. Otherwise, the number of

iterations will be increased to get the best fitting.

Step 3: The value of o, can be found from the reference (20). The

values of D" and len cnrl. be determined using Eqs. (6) and (14),

respectively.

Step 4: The values of cpo and I, in the iteration process can be calculated

by using Eqs. (7) and (28), respectively. These two equations can be

written as

=_`%.J―
傷)

4ゴ

∞
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。

【≦
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言
８
３

８
£

,     (35)

Ici,j = I rRi.I rn(gc,i,jiDr,r) - I e i (go)

where gc,i;is the calculated normalized probe potential at thej-rft point

and in the i-th iteration, Vp; is the probe potential atthe j+hpoint, / ;,
Te,i , IeR,i , Del and Iem,i are the space potential, the electron

temperature, the random electron current, the electron diffusion

coefficient and the secondary electron emission current in the i-th

iteration, respectively.

Step 5: Relative enor E i is estimated using Eq. (34).

Step6:Compareeiand ei+r.If | (r,*r- r)lrr | )lTo,thenext

iteration will be started by taking the new values of N", Tr, Ir^and C .

Step 7: If | ( r i+r- 6 i) | e i I Slo/o,theiteration will be finished and

the best-fitted curve will provide the plasma parameters Ng , T" , Is.

and / . Examples of the best fitted curves are shown in Figs. 7(a),7(b)

and 7(c) for the pressures of 100, 300 and 700 Ton, respectively.

The ion current /+ has been fitted for 100 Torr only, assuming

G=1000K according to Eq. (23) by an analogous procedure as that of

the electron current fitting. In this case, the values of 7" and / are used,

which were obtained from the electron current fining. The value of N+

can be calculated neglecting I'^ and using the following equation

3r.R′ rt

Qc,i,i

2
′″,ノ ]中
rcJ=J

J″
,J

Step:2
Initialize: Ne$Te,o

Iasandfu

Srep:3

σay=∫ (■,)ル″rer・ (20D
DλJ=∫ (ⅣθJ,■J)
D′J=∫ (■J;σ′J)Eo(0
′ar=∫(DθJ:Ⅳθコ■.)Eo(10

'Cム
J=~Ψ E・(7)

rCメ ,J=′

“
J.′

“
(9cJ,メ :Dθ ,)― ′a“  Eo(28)

Figure 5: Flow chart for the determination of plasma parameters.
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where /+Rn is the final value of /+nobtained by the fitting.

o Measured

- 

Fitted
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Figure 7:Fitting of the probe currentら measured at 80 μ sec afterthe
starting ofthe micЮ wave power pulse:(a)100 TOrr,(b)300

Torr and(c)700 Torr。

-70 €0 -50 {0 -30 -20 -10

Probe potentialVp [VJ

Figure 9: Comparison between the measured and fitted ion currents to
the probe.

6. Estimation of plasma parameters and discussion

The plasma parameters estimated from the probe characteristics

shown in Figs.7(a) through 7(c) for several pressures are given in

Table 3. It can be seen that Ne at80 p sec after the onset of the

discharge increases with increasing P. On the other hand / decreases

with the increase of P.

Figure 8 shows the time evolution of 7" and N" for 700 Ton. At the

beginning of the discharge, Te and N, are lower and increase with

increasing time, reaching the maximum at" 5O p sec. After 50 4 sec,

they start decreasing, continuously decreasing up to 80 p sec and then

getting saturated.

For 100 Torr, the probe characteristics do not exhibit the strong

influence of I"^ on their shapes as shown in Fig. 4. The negative

currents for the highly negative probe potential can be interpreted as

ion currents 1".

The ion saturation current has been fitted using 4.Q3) for 100 Ton

at 80 p sec after the onset of the discharge as shown in Fig. 9. The

estimated value of N+ is I .67x I Ole m-3, while under the same condition,

N" is l.50xl0le m-3 obtained by fitting the electron current using

equation (28). Discrepancies of N+ and N" may be occurred by the

following reasons: the values of l+ and Z, used in the estimation are

different from that of Cohen's model, i.e., (l) 7+ = 1000 K; as can be

seen from Eq. (37) that N+ can be changed depending on T+ so that the

assumed 7+ = 1000 K may not be true. (2) Gas temperature ?, = 300 K;

which may be different in the experiment because of the dependence of

L onTr. (3) The fitting procedure can also provide error. Moreover,

those densities obtained by the probe measurement are considered to

have an error around few percent. Above all, it is seen that N" and N*

are providing a good agreement.

7. Conclusion

High pressure helium microwave discharge by the moderate

microwave power of 400W has been investigated by a Langmuir

probe. A method for the determination of 7", N" and N+ is established.

Simple algebraic functions allow one to use iterative procedures for the

determination of plasma parameters and avoid making the fitting

parameters discrete. The proposed fitting technique takes into account
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Figure 8: Temporal development of the electron density and
temperature in a helium-discharge at 700 Torr after the
starting of the microwave power pulse.
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the secondary electron emission current, and allows one to obtain 8 ) E. Wasserstrom, C.H. Su, and R.F. Probstein, Phys. Fluids 8, 56

reasonable plasma parameters even for much distorted probe (1965).

characteristics. 9 )Z.Z,zkzewski and T. Kopiczynski, Plasma Phys. 16, ll95 (1974).

l0) A. K. Jakubowski, AIAA Journal 10,988 (1972).
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