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ON IONIZATION PROCESSES
>TEHX>ZHHI<FU~@FOX>ZH (HMDS) DISCHARGEY

SCHMIDT, M. ?» MAASS, M_» Greifswald

The measurement of the axial electric field in th
glow discharge in Ar with small admixtures of HMDS has shown a minimum of
electrical field strength for admixtures of 19-3. The influence of several ionization
processes is evaluated using the diffusion theory of the positive column. The effective
ctastable Ar-atoms is responsible for
HMDS admixture up to 1073,

€ positive column of a low pressure

INTRODUCTION

plasma confining surfaces s only possible under
nonisothermal conditions. The electron gas

energy obtained in the electric field to the cold neutral gas. According to this the

knowledge of the parameters of the electron gas i i

the elementary processes taking place in the
The effective control of such processes derands the knowledge of the plasma

properties. Plasmas are determined by the ionization processes, often the forma-
tion of the reactive species is connected with ionizati

experimental investigations of the electric p
Also the results of measurements of the
section of the HMDS-molecule [2] and inv

roperties of the positive column [1].
electron impact ionization Cross —
esfigations into the determination of
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as the hot component transfers the-

—

oss -— sections of molecules by semiempirical formulas [3] and by
On Cross — § s

ionizat the additivity rule for the estimatior of the ionization cross-section of
g

u%qﬁ s are used [4]. o :
molecu m:m::&:é evaluation of the action of several _o:_Nmﬁ_oz processes is
H.:cm_ n_g the diffusion theory of the plasma of the positive column in rare
e
vomm_

es with small admixtures of molecular gases {5].
gas

Il. APPARATUS AND EXPERIMENTAL RESULTS

i i i dc glow discharge in a glass
; i ts were carried out in a flowing argon . :
mxnﬂﬂﬂm@nﬂmaﬁma or 3.8cm and a length of 47 cm by varying the discharge
wbe ! (5—10mA), the monomer input (0.02—20 %), the argon gas nwé
S:R:M\Nl_ 2 x 107" m/s) and the probe position along the axis o:mo positive
- u Ho.&mmmsomm of 30 cm from the monomer input. 5. all experiments H.:M
O mw the discharge tube was 70 Pa. Directly heated nw_:azo& _uqo.@om wit
nM.&MMQ of 0.025mm and a length o4 mm movabile in the flow direction were
adia :
:mn,wmm potential gradient, the mean electron energy and the electron density are
systematically determined by electric _uaocﬂ EMmmcm@EmEmm. the argon HMDS
) . . . - O
arrying out investigations in the lischarge of .
Smwmmwnw_mmmcﬂmamga of plasma parameters in the flowing argon discharge
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Fig. 1. Minimum electric field in the posifive - pirmd 5 35130 g
column with flowing gas in dependence on Z:F_.u — 10 10"

HMDg admixtures (X) for different discharge 1 %
currents. o
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were made using single probe methods. The discharge is significantly orm:m&
if an organic component is introduced in the discharge system. m::::m:g:m_w
a flm formation takes place on all solid surfaces which are in contact wijg,
plasma. The film formation on the probe surface after the monomer input will
have for the probe measurements serious consequences. Unstable surface con.
ditions as a disadvantageous result of probe surface contamination are knowy,
to be a source of errors in probe measurements. A sufficient cleaning of the
probe surface under conditions of a polymeric plasma is possible by Probe
heating. In the present case a surface temperature of about 900 °C was sufficien
to obtain reproducible probe characteristics.

After monomer input the plasma parameters show a typical behaviour. A
monomer admixtures smaller than 5 % inhomogeneities particularly of Imeap
electron energy and gradient are observed in the flow direction. Thus the meag
electron energy decreases with increasing monomer input because of the lower
ionization energy of HMDS. The influence of the monomer on the discharge i
reflected especially by the behaviour of the gradient. Fig. | illustrates the
behaviour of the lowest value of the gradient in dependence on the monomer
admixture. The gradient minimum lies below the reference value at small
discharge currents and small monomer admixtures.

1IL. IONIZATION REACTIONS .

The ionization processes in the plasma of the positive column are determined
by electron collisions of the ground state atoms and/or molecules and by a
stepwise ionization of excited, mainly metastable atoms. But also collisions
between heavy particles lead to ionizations, that are collisions between excited,
expecially metastable atoms, collisions between ground state and highly excited
atoms with formation of molecular ions (HORNBECK—MOLNAR-process)
and collisions of metastable atoms with molecules or atoms with a sufficient low
lonization energy (PENNING-ionization).

For the positive column of an Ar-hexamethyldisiloxane discharge the cross-
sections for the direct ionizaiton of Ar-atoms, the excitation and the deexcita-
tion of the metastable levels are known. The reaction rate Z a=735x 10" cm’fs
of pair collisions of metastable Ar-atoms is estimated by comparison with the
rate for pair collisions of metastable Ne-atoms {6] taking into account the
different gas kinetic cross-sections. The electron impact ionization cross-sectiott
of the HMDS molecule was measured in a mass spectrometer by comparison
with well-known inert gas atoms of Ar and Xe [2] (Fig. 2, EXP). By the
calculation of the cross-section with the GRYZINSKI-formula {3] using the
energy levels determined by ERMAKQV [7] with two electrons in each case in
one energy state we obtain the cross section G also in Fig. 2., which is somewhat
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Fig. 2. Electron impact ionization cross-section of HMDS in dependence on aﬁn?o: energy.
Calculated according to the GRYZINSKI formula G {3], additivity rule FS [4]; experimental values
EXP [2] and linear approximation.

higher than the measured one. With the additivity rule {4] we get an ionization
cross-section value (FS) for a 70eV electron energy near the GRYZINSKI
curve. Hence we suppose that the experimental values are too small. The memo:
may be the different energy distributions of the inert gas ions (Ar*, Xe*) and
the HMDS-ions, which results in a different width of the ion beams m&. 1.2 the
calculation of the rate coefficient of direct ionization a linear mvmqox_:&.:oc of
the ionization cross-section is used as shown in Fig. 2. The PENNING ioniza-
tion of the HMDS-molecule by metastable Ar-atoms can occur coomcmw.oﬁ .9@
difference in the ionization energy of the molecule (9.6eV) and the nxo:m:o:
energy of the metastable atom (11.5e¢V). Reaction Qomm-mnoaon._ are not avail-
able for this process, but an estimation is possible by comparison of the gas
kinetic and the PENNING reaction cross-sections for other systems using
values from HASTED [9], BEIJERINCK [10] and m.>w>0_r [an
(Fig. 3). In a first approximation the PENNING cross-section is equal to Eo gas
kinetic one. The gas kinetic cross-section can be estimated from the density of
liquid HMDS, we obtain Qg = 6 x 10~ "*cm?. From this value a rate constant
can be deduced for collisions with argon atoms at room temperature Z,, =
=25 x 107" em?s™!. The HORNBECK-—MOLNAR process may be neglect-
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MMMM“MWMM@M MWM&MMM:NW%W:@%H:n E_mram oxw:aa‘mgﬁm o?.:w »,Tmﬂosm | ndex (1) is oo::aoﬁm.a with Ar, index (2) with IZUM. Hro @m_m:om m.:a
of & low ey pones D Of the molecular ions in the positive Columy | ort-coefficients which amvnsa. o:.ﬁrn.a_ooqo: energy a_m:_U::n: function.
pressure glow discharge [12]. ) :u:%m_n:_mﬁa by means of the distribution function of electrons in pure Ar
nﬂnmnom admixtures of molecular gases to inert gases x < 103 this approxima-
_C_. is valid [14]. The rate coefficients of the electron collision processes and the
30+ ] n:“.mo: —— drift velocity in dependence on m.\Z are mrnis in Fig. 4. The
o (ollowing ion mobilities b, (s™'V~'cm™') at unit gas density are used for the
o . | jculation of Ar* in Ar: 4 x 10”;in HMDS: 4 x 10 HMDS-ion (CH,),Si,0*
[10°¢m?] g ° ﬂmﬁ. 54 x 10”; in HMDS: 1 x 10". In gas mixtures the mobilities were
.a_nc_m.wga by BLANC’s law. Results of the solutions of the balance equations
20~ ° o 9 o mn presented in Figs. 5, 6. The ion production rate P/N, is the production of
o , jons per cm’® and second averaged over the cross-section of the discharge tube
oo ° = : divided by the averaged electron density. The most effective ionization processes
ol ° ) arcthe PENNING ionization of the HMDS-molecules and the stepwise ioniza-
10 ° : tion of the Ar-atoms. The behaviour of the calculated axial electric field in the
(o] %8 ﬂl_ T T _ T T T _l
8 20— ]
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Fig. 3. PENNING ionization cross-section for reactions of excited He with Ne, Ar, Kr, Xe, H,. N H H
O,; Ne with Ar, Kr, Xe, H,, N,, CH, [9, 10, 1 1] in dependence on the gas kinetic nEmm.,maomoafmmM A
- Zo 103
The particle balance cquations are derived by PFAU and RUT- G@f ]
SCHER [5] for a plasma with two gaseous components in a cylindrical dis- ) i 1Y
,ormnmo tube and concentrations averaged over the tube cross section. Taking I | 4
Into account the discussed ionization reactions we obtain the balance equations i o ] TEL
for the Ar* jons (1), the metastable atoms (2) and the HMDS-ions (3) 10°L ZzHMDs {406
- o 3
27.(1) = n
BBt ) (1 x4 14520, N 4 1 as i VIV ) J ]
(1 +a)(Nr,) N “ NN - .
2D : : aaﬂr L — 1 = L1108
e 1.45Z0) 4 1.45Z0) N[N +14528 4z X _ o L u 0° x[Vem]
za\zﬁ\/\\ovw \<m\\<< 0 : n§\< \2 osz \2 i . . . . . .
! 4 a K3 4. Rate coefficients electron impact excita- Fig. 5. lon production rates according to step-
) .:.MM ANAWMY aﬂmxn:m:o: (Z2) and moq:Nm:.wz wise _.o:mNm:o.z (A™) and U.&.q no_:m“osm. o-,. Ar
BOD, NN - N oy e e £ o (AT e o e o BDS
o ”Nmuvo.?wa —x; a = Xx=—"0@ €) tlectron ene istributi wetion § | = = = - .
(1 + a) Q<~.cv~ \<~.\\< mv Z:V + \<§ TgY a_m:_mﬂnwﬂv: function in pure Ar ture (X) (i = SmA, P = 60Pa, r = 2cm)
146 ’ 147




positive column corresponds with the experimental results. The decrease of th,
gradient starts for the HMDS-admixtures near x = 102, The decrease Uoooaa
smaller with increasing discharge current as a consequence of the decrease Of the
PENNING ionization. The increase of the electric field with a srowing IZD@

admixture owing to the increase of the energy loss processes in the m_on:on

collisions with the HMDS molecules is not apparent in the calculated resulyg,
these processes had to be neglected since the cross sections are not available,
is obvious that for the neglected PENNING ionization the calculated decreag
of the electric field is not in accordance with the experimental results (Fig. ¢, 1),
A more detailed discussion of the results is given in [15] also with regard ¢,
the electron density and the thin ,

film formation rate.

Fig. 6. Calculated axial electric field 1n depen-

dence on HMDS admixture (X) for 1, 5,10 and

100 mA. For 5mA with and without PEN
NING ionization.

104 10° x 1’
IV. CONCLUSION

This paper shows that by comparison of the experimental results and a simple
modelling of the chemical active plasma an evaluation of the different ionization
reactions is possible. A stepwise ionization of the metastable Ar atoms ma.a
PENNING ionization are essential. A direct ionization of the Ar atoms is
negligible, for the HMDS-molecules this process may be important only for
higher HMDS admixtures.
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