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INVESTIGATION OF SOME ELECTRICAL PROPERTIES
- IN 400 kHz Ar AND N; RF DISCHARGESY

HAIN, M.,?) VEIS, P.,? Bratislava

A self bias potential and resistive component of plasma impedance in a
400 kHz RF discharge was measured in a planar reactor for various electrode
area ratios (from 1:1 to 1:6). Measurements were performed in an N, and Ar
discharge at the pressure of p = 120 and 240 Pa. The presented results show
the influence of the current density on the plasma sheath impedance and the
resulting self bias potential, respectively.

I. INTRODUCTION

Planar RF discharges have become standard in a wide variety of processes,
especially for anisotropic etching, which is the result of a gasification reaction
controlled in some way by bombardment of a directed species.

Hence, it is very important to know the potential distribution between the
sheaths in the planar reactor, in order to assume the energy of ions impacting on
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Fig. 1. Equivalent circuit of RF discharge in planar reactor.

II. EQUIVALENT CIRCUIT OF PLANAR PLASMA REACTOR

The scheme of the equivalent circuit is shown in Fig. 1. The external r—o&ca_m
capacitor Cp insulates the electrodes electrically, so the net charge flow to bot

electrodes must be zero [1, 2.

2% 27
\.b&E“H\F&E“. (1)
0 0.

The second requirement is continuity of the current; so
I = —1Is. (2)

For different areas of the two electrodes, the relations (1), (2) can be satisfied
imultaneously only if
i Uy — Uy = Upgsinwt + Uye, 3)

where U,, U, are the voltages across the substrate and the target v_wm:_.m sheath,
Hmmvmnn?m,:\. Uac is the negative bias on the smaller (target) m_mmﬁoam and is usually
called the self-bias potential; U, is the amplitude of the wvvrmm voltage. )
The self-bias potential consists of two average voltages which develop on the
sheaths, so . )
QRGHQ.W'Q«. AAV

Thus, if we measure Uy, versus Uy, we can estimate how the applied voltage is
&mal,v:nmm between the sheaths (we assume that the impendance of the plasma

bulk is negligible).

335



U, sinwt

Fig. 1a

6 rq—
A
—  |a — L.
e (o}
> R N,: a p=240 Pa R " Ar: A p=240 P
«
o« - 0 p= 120 Pa - op=120 Pa
4 4}
2+ 2 i
F
- -
0 0 0 1 1 ! ! L ._O 1 ‘
i 0 100 200
[ [mAl lo T=>~

Fig. 2a, 2b. Resistive component of

) plasma sheaths impedance as a function of the current
flowing through the reactor.

III. EXPERIMENTAL RESULTS AND DISCUSSION

. Our experiments were performed in the reactor with computer controlled mea-
suring and the data acquisition system described earlier [3, 4], which was adapted
wo.a 400 kHz. The current through the reactor was measured by the Rogowski coil
with an auxiliary coil, which excluded the capacitive current due to the parasitic
capacity of the reactor.

The DC resistance of the plasma sheaths impedance was measured by applying
a small DC voltage parallel to the RF source (Fig. 1a) and we measured the DC
current through the reactor, thus resistance is Vic/iac(Vae = 30 V).

The results of measuring the resistive component of t

. he plasma sheath impe-
dance versus the amplitude of the current flowing throug

h the reactor are shown
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in Fig. 2. These measurements were performed in the planar reactor with copper
electrodes, their area was A; = A, = 380 cm®. The shape of the characteristics
can be explained as follows :

If the discharge is operating within the region AB, the glow covers only a part
of the electrode surface, and this part increases or decreases in the area apparently
in proportion to the flowing current. So the resistance changes very fast. Further,
at the point B, where the whole surface of electrodes is covered by the glow, the

"voltage across the sheaths begins to rise with the current and thus the changes of

resistance are slow (part BC). It appears from this that the current density tends
to be constant, like in the DC glow discharge.

As the current is further increased (part CD), conductivity rises and at the
point D a secondary breakdown occurs [5]. This strong increase of current con-
ductivity with the secondary breakdown can be explained by secondary electrons
emitted by electrodes under ion bombardment (v electrons) and electron multipli-
cation through the sheaths [6, 7, 8].

These two regimes (a ,v - before and after the secondary breakdown, respec-
tively), differ in the sustaining mechanism. For a frequency of the applied voltage
much higher than the ion plasma frequency w; and much lower than the electron
plasma frequency w, in the o regime the dominant electron-energy gain mecha-
nism is related to the sheath expansion, which imparts periodically some energy
to the plasma electrons, while in the 7 regime the electrons emitted by the elec-

“ trodes and the electron multiplication through the sheaths are responsible for the

electron-energy deposition [6, 8].

In our case, for w; >> w (we estimate that the plasma density is about 1010
em~3[7, 8], so w; = 3 MHz), the electrons issuing from the electrodes and the
sheaths have a dominant role also in the « regime [7].

This explanation is in agreement with the self-bias measurements in the planar
reactor with nonequal electrode surfaces - Fig. 3.

~ For example in Ar, 240 Pa, for the area ratio A;/A,;=1/2 and a low applied

voltage magnitude the self-bias potential is very low. The glow covers only a part
of the electrode areas A;, A, and thus the average voltages developed across the
sheaths are quite op:m_,. That is why Ujg., which resulted from equation (4), is very
low (see Fig. 3a, part AB). With the increasing input power the smaller electrode
is completely covered by the glow, but not the larger one. In this part (part BC),
the voltage developed across the sheath St is increasing, but the voltage across
Ss remains constant, so Uy, rises. With a further increase of the applied voltage
the current through St is increasing, and the voltage U, tends to be constant [5].
On the other hand the voltage U, is rising, because now the glow covers all the
electrode area A,. As a result of this Uy is décreasing to the breakdown - point
D.
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: For the area ratio At/A;=1/6 the part AB of the characteristic is absent,
ecause ﬁrm glow covers the whole surface of the smaller electrode A; even for the
lowest ampitudes of the applied voltage. The breakdown for N; is not observed and

it is in agreement with the fact that the breakdown voltage fi i
i ; N; (D
is much higher than for Ar [8]. ge for N, (DC discharge),

IV. CONLUSION

From the presented experimental results and discussion it is evident that for
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a reliable theoretical model of a capacitive coupled RF discharge it is necessary to
take into account the effect of normal current density j, to account for the existence
of two different regimes in the RF discharges.
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HCCIENOBAHUE HEKOTOPBIX SJIEKTPHHECKHX CBOMICTB Ar H N»
B B4 PASPANE IPH YACTOTE 400 KI'n

IIpaBefenl pesylbTATH HSMeDEHES COGCTBEHHOro NOTEHNHANa o peaIBHOR 9acTi
BOIHOTO CONpOTHBIeHAs B1 paspapga ¢ Tactorok 400 KI'n B nianapuom peakTope mpm
PasSHHIX OTHOIIEHHAX IUIOWANHE 3ICKTPONOB (ot 1:1 po 1:6). Homepenns mpoBofBAECH B
paspafie N2 m Ar npm pasrenus 120 u 240 [la. IlpaBefennnie peayabTaThl NOKAILIBAIOT
BIMAHAE AIOTHOCTH TOKAa Ha BONHOBOE CONPOTHBIeHHE DKPaHHPOBKH NIa3MBL ¥ CIEf0Ba-
TelbHO COGCTBEHHOrO NOTEHIHAIBHOTO MOPOTra.
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