PLASMA DENSITY MEASUREMENT OF RF ION SOURCE
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For a radiofrequency (27.12 MHz) inductively coupled ion source (3 cm diameter, 7 cm long, without external
magnetic field, working gas-hydrogen, helium, argon), measurements of the average plasma density were made using an
8 mm microwave interferometer. The range of neutral gas pressure is 2-30 mTorr and RF-power is in the range 20-400
W. It is found that the plasma density increases with increased gas pressure and RF-power. A global discharge model is
applied to relate the electron densities and the electron temperature in an argon plasma to the pressure and input power
ranges of interest. The model calculations are compared to measured plasma density, showing fair agreement.

PACS: 52.70.Gw, 52.50.Dg

1. INTRODUCTION

Radiofrequency inductively coupled ion sources are
widely used for the nuclear microprobe applications. High
beam brightness of these ion sources can be achieved by
extracting the beam with high current density which is
proportional to plasma density and square root of the
electron temperature [1]. To measure the average plasma
density in different operational ion source conditions, 8
millimeter wave interferometry technique is applied as
unperturbing method for plasma diagnostics.

For analyzing RF discharge and quick prediction of
the plasma parameters, a global model [2] of an argon
discharge was employed. In a global model the space-
average particle and energy balance equations are solved
simultaneously. The average values of the plasma density
and of the electron temperature are obtained.

In this paper we present the results of the plasma
density measurements, using 8 mm wave interferometer.
The values of the electron density of argon plasma
obtained from interferometer measurements are compared
with global model calculations.

2. 8§ MM MICROWAVE INTERFEROMETER

To measure average plasma density of a RF ion
source, 8 mm (37.5 GHz) microwave interferometer has
been developed. The interferometer works on the Mach-
Zehnder principle in which the plasma is in one arm of the
two-beam interferometer. In low pressure discharge
where the wave frequency is much greater than the plasma
and collision frequency, only phase change between two
arms are needed for a density measurements and a linear
relationship exists between the average plasma density
and the phase difference.

A homodyne conversion of the frequency is realized
due to sawtooth frequency modulation of a microwave
generator and use an unequal-path bridge hybrid. To form
a reference signal of an intermediate frequency, the
patented device on the basis of a cavity resonator is
applied. The intermediate frequency is 20 kHz. In
comparison with the traditionally used for this purpose a
reference  unequal-path  bridge hybrid [3], the
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interferometer scheme becomes simpler and more
compact with the high stability of an initial difference of
phases. The minimum measured phase shift makes 1.5
degree, that corresponds to the plasma density of 3-10"
cm”. The maximum definitely measured phase shift 360¢
corresponds to the plasma density of 9-10'? cm™.

3. EXPERIMENTAL SETUP

The schematic of the experimental setup is shown in
Fig.1. and was reported elsewhere [4]. The ion source
(without external magnetic field) consists of the discharge
quartz tube (3 cm in diam and 7 cm long), surrounded by
a helical copper antenna (4 coils). A 27.12 MHz, 40 W
oscillator and 800 W RF power amplifier (Acom 1000)
are connected to the antenna through matching box.
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Fig. 1. Schematic of the experimental setup
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The forward and reflected RF power is controlled by
SWR meter. Input RF power is varied up to 400 W. The
ion source is connected to two beam diagnostic chambers
and whole system is evacuated by a turbo-pump and
mechanical pump to a basic pressure of about 10 Torr.
Hydrogen, helium and argon gases were utilized for
plasma generation, and the operational pressure range was
from 2 to 30 mTorr.
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4. GLOBAL MODEL [2]

The characteristics of the argon plasma are determined
by the particle and power balance within the discharge.
The global discharge model assumes all densities to be
volume averaged. The electron temperature can be
determined by equating the total volume ionization to the
surface particle loss to obtain
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The ion mean free path is taken to be /1,-: —

gi
0=10"® m? is the ion-atom scattering cross-section for low
energy argon ions. The neutral gas density 1n,=3.2500"[3
(m™), where p is gas pressure (mTorr). Solving equation
(1) using the ionization rate constant for argon gives an
estimate of the electron temperature for different values of
gas pressure.

All supplied power is assumed to be absorbed by the
plasma and its loss is modeled as follows: part of the
power is used in creating electron-ion pairs and this loss
represents both elastic and inelastic electron collision
processes, while the remaining part is lost as kinetic
energy of both ions and electrons as they leave the
plasma. For a single electron-ion pair lost at the wall the
total energy loss Er is defined by

E.=E, +E, +E.

, Where

3)
where the electron kinetic energy E., and ion kinetic
energy E;, at the wall are defined by

E, =2T, and E, = VS+T6/2

“
Here 7. is the electron temperature expressed in units of
volts, and V, is the sheath voltage. For argon

V SN4 .7Te , thus ions have average kinetic energy at

the wall £, ,~5 .2T, . E. is the collision energy loss
per electron-ion pair created [2]
K, ., K,2m,6 3T,
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where E.=15.76 V is the ionization energy for argon, F,.;
is the energy for the i-th excitation process, K is the
ionization rate constant, K.,; is the rate constant for the i-
th excited state and K., is the elastic rate constant In the
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steady state, supplied and lost power must be balance and
the plasma density is predicted
P
abs

= — 6
"o eug A,y Er ©

where P, is the power supplied, no is the center (bulk)

electron density, U is the Bohm velocity. For a

cylindrical plasma chamber, with radius R and length L,
the expression for the effective area is

A, =27R (Lh,+Rh,)

(7
5. EXPERIMENTAL RESULTS

The plasma of RF ion source was initiated in the
capacitive E-mode and subsequently it was transformed
to the inductive H-mode by increasing the RF power.
Hysteresis is seen. The E-H transition occurred
approximately at 60 W power. The plasma density
measurements were made for H-mode only. The position
of antenna horns is about 1 cm from the RF antenna.
Measurements of average electron density as a function
of RF power are presented in figure 2 for hydrogen,
helium and argon. Figure 3 shows the global model
calculations of electron temperature T. and argon ion
current density j; which can be extracted from the ion
source.
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Fig.2. Experimental points and calculated global model
curves (solid) for electron density ny versus RF power for
H, ,He and Ar at different pressure
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Fig.3. Calculated curve for electron temperature T, and
ion current density j; (for 100 W RF power) versus argon
pressure

CONCLUSION

argon discharge of a inductively coupled RF ion source.
The range of neutral gas pressure is 2-30 mTorr and RF
power is in the range of 20-400 W. The interferometer
measurements indicate that the plasma density increases
monotonically with gas pressure and linearly with RF
power and reaches the values of 5:10" ¢cm? for H,, He
and 5-10" cm™ for Ar at 300 W RF power.

A global discharge model is applied to relate the
electron densities and the electron temperature in an argon
plasma. The electron temperature calculated using this
model only depends on the neutral gas pressure and
geometry of the discharge (Fig.3). The argon ion current
density that could be extracted from this ion source is
about 60 mA/cm® for 300 W RF power at the pressure of
5 mTorr and decreases with increase of the pressure.

The global model calculations are compared to
measured plasma density and a reasonably good
agreement is found.
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A 8 mm microwave interferometer has been developed to
measure average plasma density in hydrogen, helium and

N3MEPEHHME IIVIOTHOCTU IIVTIA3MbI BU-UCTOYHUKA NOHOB

B.U. Bo3uwiit, B.H. Mupownuuenxo, C.H. Mopouk, A.I'. Hazopnutii, /I.A. Hazopnwiit, B.E. Cmopusicko,
JI1LHIynvea
Jus BeicOKO"acToTHOTO (27.12 MI'I) MHIYKTHBHOTO MCTOYHHKA MOHOB (3 CM B JAMaMmeTpe W JIIMHOH 7 cM, 0e3
BHEIITHETO MarHUTHOT'O TOJIsI, pabOYHii Ta3 - BOIOPO/I, TeIINii, aproH) ObLTH BBITIOIHEHBI U3MECPEHHS CPETHEH TUIOTHOCTH
IUTa3MBI ¢ TOMOIIBIO 8-MH MIILTMMETPOBOTr0 HHTEpdepomeTpa. JarieHue paboyero raza U3MEHsUIOCH B quana3one 2-30
MTopp, BU-momHocTs - B auana3one 20-400 Barr. YcrtaHoBNEHO, 4TO IUIOTHOCTH IUIA3MBI PAcTeT C yBEIHMYCHHUEM
pabouero napneHus u BxoxHoW BY-mommuoctu. UTOOBI paccyWTaTh AIIEKTPOHHYIO IUIOTHOCTH U 3JIEKTPOHHYIO
TEMIIepaTypy aproOHOBOW IIIa3Mbl B MHTEPECYIOMIEM HAac AWama3oHe AaBieHnit m BU-momrHocTH, ObLTa mMpHMeEHeHa
rio0anbHas MOJIENb TIA3MEHHOTO paspsia. BeraucieHHas 1o rro0anbHOW MOAENH IUIOTHOCTH IUTa3MBI HAXOIUTCS B
XOPOILIEM COTJIACHUU C IKCIEPUMEHTAILHO U3MEPEHHON BETUUNHOM.

BUMIPIOBAHHS IIIVIBHOCTI IIVTIA3MHU BY-1’KEPEJIA IOHIB
B.I. Bosnui, B.I. Mipownuuenko, C.M. Mopouxk, A.I'. Hazopnuii, /].A. Hazopnuii, B.JO. Cmopiscko, /.11 11ynvea

Hnst BucokoudactotHoro (27.12 MI'm) inaykTuBHOro pkepena ioHiB (3 cM y aiamerpi 1 moBxuHOW 7 cM, 0e3
30BHIIIHBOTO MAarHiTHOTO IOJIS, pOOOYMiA ra3 - BOJEHb, TeNil, aproH) OyaM BUKOHAHI BHMIPH CEpeAHBOI HIITFHOCTI
IUTa3MH 3a JIOTIOMOTOI0 8-MHU MilliMeTpoBoro iHTEepdepomerpa. Tuck pobouoro ra3zy 3MiHIOBaBcA B miama3oHi 2-30
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mTopp, BU-moryxkHicts - B miamasoni 20-400 Br. BcTaHOBIIEHO, 10 IMIIBHICTH IUIA3MH POCTE 31 301IBIICHHAM
pobouoro tucky i BximHoi BU-moTyxkHOCTi. 106 po3paxyBaTH €IEKTPOHHY HIUIBHICTH i €JIEKTPOHHY TEMIIEPATypy
aproHOBOI IDIa3MH B IIKAaBIYOMY HAC Iiama3oHi THCKiB i BYU-motyxHocTi, Oyna 3acTocoBaHa TI00ajbHA MOICTH
IUTa3MeHHOTO po3psimay. OOuncnena 1o TIoOaNBHIH MOAENI IMIUIBHICTH IUIA3MM 3HAXOAWTBbCS y TapHUM 3rofai 3
€KCIIEPUMEHTAIBHO 0OMIPIOBAHOIO BEIMYUHOIO.
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