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This paper describes a novel approach to modeling chemically active dc discharges, and its
application to silane. An appropriate electric field was determined from a combination

of experimental results and classical dc discharge theory. Utilizing this electric field, a kinetic
description of the electron motion was used to calculate the ionization rate and the

electron distribution function throughout the discharge. From the calculated rate of ionization
and the assumed electric field and allowing for chemical reactions, steady-state fluxes of

ions to the anode were calculated. These results compared favorably to the experimental results
of Weakleim et al. [J. Vac. Sci. Technol. A 1, 29 (1987)]. A proposed model for the
observed variations in the fractional ion currents is given.

1. INTRODUCTION

In this paper, a technique for describing chemically
active dc discharges is presented and applied to silane. Si-
lane discharges are technologically relevant for the depo-
sition of amorphous hydrogenated silicon (e-Si:H) used
for photovoltaics and other microelectronic applications.
In dc silane discharges, deposition is performed on the
anode surface since sputtering due to ion bombardment is
negligible there. As a first step to understanding the depo-
sition process, one must know the fluxes and energies of

various ions and neutrals that impinge on the deposition

surface. This paper describes a model for the entire dis-
charge but will focus upon calculating the composition of
the different ionic species that reach the anode. Compari-
sons with the limited available experimental data are made.

A detailed and electrostatically self-consistent calcula-
tion would be required in order to simulate all processes to
steady state. In the case of silane, the slowest relevant pro-
cess is charged particle recombination which requires ap-
proximately 5 ms to reach steady state.! Since the calcula-
tions require time steps on the order of the electron plasma
period (< 10 =9 s), such a simulation would require over
106 iterations. This calculation is not only time consuming,
but would be difficult to justify since the errors in the
chemical rate constants are large enough to nullify any
accuracy gained in doing an electrostatically self-consistent
calculation. '

To overcome this obstacle, and since there is also some
indication that this problem requires at least two spatial
dimensions for a complete description, approximations are
appropriate. In this work, an approximate electric field
derived from the literature? and experiment®* is imposed,
from which the discharge properties are calculated. From
the calculated discharge parameters, improvements to the
assumed electric field configuration can be made and the
discharge parameters are again found.

The structure of this paper is as follows, In Sec. II, the
method for obtaining the electric field is given. Results of
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the calculation for a dc silane discharge are given in Sec.
II1. The effects of varying the electrode spacing and ap-
plied potential on the fluxes of ions at the anode and a
comparison with the experimental data of Weakleim® are
made. Studies of the ion flux variations due to changing
assumptions made about the electric field and chemical
rate constants are also done. A proposed mechanism for
the effects of the electron temperature on the fractional ion
current is given, followed by a summary of the results
obtained.

{I. COMPUTATIONAL METHOD
A. Electric field determination

As stated, the electric field is determined from a com-
bination of experiments,3’4 dc discharge theory,” and cal-
culated electron properties. In this model, the discharge
will be divided into three regions: the cathode fall (and
negative glow), the positive column, and the anode sheath
(see Fig. 1). In this section, the method for determining
the electric field in each region is given.

1. Cathode fall

. Since the current and pressure are constant throughout
the experiments to be simulated, the cathode fall potential
drop and length are assumed to be constant.? Weakleim®
stated that when the electrode spacing was decreased be-
low some minimum value, there was a sharp increase in the
applied potential. This suggests that the cathode fall length
is approximately this minimum electrode spacing and that
below the minimum electrode spacing the cathode fall volt-
age must increase in order to have sufficient ionization to
maintain the discharge. In the presented model, the cath-
ode fall (which will include the negative glow) will be
modeled by a linearly varying electric field with a potential
drop & = — 575 V and a length [ = 0.96 cm.

2. Positive column -
Electrons leaving the cathode fall consist of two

groups. The first comprises electrons that have experienced

many inelastic collisions and have a low energy. The sec- -
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FIG. 1. Geometry of the dc discharge used here. /,rand @, are the length
and potential drop of the anode sheath. /.. and @, are the length and
potential drop of the positive column. /s and @, are the cathode fall
length and potential drop.

ond group consists of electrons that experience few inelas-
tic collisions and enter the negative glow. with energies
directed along the discharge axis which are essentially as
high as the cathode fall potential drop.

The calculations to be given show that in one particu-
lar case the electron energy is about 1 eV with a beam
component of energy along the discharge axis of 0.02 eV at
the position where the electric field approaches zero. This
implies that the electron energy distribution is essentially
isotropic in velocity space, which is very different from the
“beamlike” distribution found in the cathode fall. There-
fore, the region adjacent to the “cathode fall” will be
treated in the electric field model as a resistive positive
column. (As stated above, the term “cathode fall” will be
used to describe both the cathode fall and negative glow.)

The experiments® show that the applied voltage in-
creases linearly with electrode spacing. It is assumed that
this is in proportion with the length of the positive column
which has a potential drop, @, for a given electrode spac-
ing, which is

(I)pc:q)c — D¢ min — (I)af’ (1
where @, is the cathode potential at this electrode spacing,
®,ris the anode sheath potential, and @, ;, is the cathode
potential at the minimum electrode spacing. The positive
column extends from the negative glow edge to the edge of
the anode sheath and its length is given by

[pc:L —le—Lp, ) ) (2)

4140 J. Appl. Phys.; Vol. 70, No. 8, 15 October 1991

where L is the electrode spacing, /. is the cathode fall
length (including the negative glow), and /,f is the anode
sheath length.

3. Anode sheath

. Using simulations of the electron motion, the random
electron current J,, and the drift current J,; can be calcu-
lated. In the cases studied here, the random current is
much larger at the anode than the drift current. For cur-
rent continuity to hold at the anode, an anode sheath is
needed to reduce the incident discharge current fo the ex-
ternal current.> At the anode sheath-positive column
boundary is a field reversal that marks the beginning of the
anode sheath. Tons which are created in the anode sheath
go to the anode while those ions created in the positive
column are probably lost by Schottky diffusion processes to
the chamber walls while ions created in the cathode fall go
to the cathode.

The electron distribution in front of the anode is as-
sumed here to consist of a Maxwellian component and a
beam component. The temperature of the Maxwellian
component T, is found from

T,=(2/3k) ({Er) — (Eg)), ' (3)

where (Er) is the total average electron energy and
{Ep) is the average electron beam energy which is rela-
tively small. From T,, the average electron velocity to-
wards the anode V., is found using the relatlon

oo KT T2, @

assuming the low-energy beam does not reach the anode '
and the distribution is still Maxwellian with temperature
T, at the anode.

Knowing J,,, and v,,, the electron density at the anode
can be determined and is

Ne!anode= ext/qvex' (5)

The anode sheath potential drop is assumed to be
3.8kT./q, so the electron density at the anode fall-positive
column interface can be estimated to be

Neldfpc=Nelehode exp(3.8). (6)

From T, and N,|,fc Ap is calculated in the usual manner.
The anode sheath lur is assumed to extend 54, from the
anode.

Using these calculated values of ®,rand [, new val-
ues of <I>pc and /. are found. The electron motion is sim-
ulated in this new electric field configuration. The electron
temperature at the anode after the second simulation was
found to be within 15% of the initial electron temperature.
The effect of the variation in the electron temperature on

the ion current will be studied in Sec. III. ~

B. Particle motion calculation

Using this electric field and the method for calculating
electron motion described in other work,>® the spatial dis-
tribution of the ionization and dissociation rates are deter-
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TABLE 1. The ion-neutral chemical reactions and their respective rate
constants used for modeling the ion motion in the anode sheath. Only
exothermic and thermineutral reactions are used.

Rate constant

Process (cm®s— "V

SiH;H + SiH,—Si,H;t + 2H, 0.07 x 10~1°
SiH;t + SiH,-SLHS + H, 0.25 x 10—
SiH;" + SiH,—Si,H;" + H, 1.8 X 10~ *(cm®s )
SiH;* + SiH,—SiH3* + H; 1.07 x 10~°
SiH;t + SiH;—Si,H;" + 2H, 0.55 x 10—
SiH;t 4 SiH,-Si,H;t + H, 2.50 x 10°1¢
SiH* 4 SiH,-SLH* + 2H, 0.70 X 10~1°
SiH* 4 SiH,—Si,H;t +H, 2.80 x 10—
SiH* + SiH,—SL,H;" - SiH, 130 X 10~ 25(cm®s~ )

+ 4 SiH,—SiL,H;" + H, 4.80 x 1010
Sit 4+ 2SiH,-Si,Hi + SiH, 1.40 X 10~ *(cmfs— 1)
Si,H;" + SiH,—»Si;H¢ +2H, + H 5.00 x 10—
Si,H¢" + SiH,—Si;Hg" + 2H, 5.00 x 10— 4
Si,Hs" + SiH,—~Si;Hg¢ + H, + H 500 x 10~ 1!
Si,H + SiH,-Si;H +H, 520 x 10— 1
Si,H;t -+ SiH,—Si;H¢ +H 500 x 10-4
Si,H;" + SiH,—Si;Hg" 3.76 x 1074 -
Si,H* - SiH,—Si;H¢ 1.08 x 10— -
SiHF + SiH;—Si, , Hi , + H, 1.00 x 10~ 1

mined. The electron-silane collisions cross sections used
were compiled by Ohmuri et al.

From the ionization rate as well as the chemical rate
constants compiled by Kushner,! from various
experiments,®!? the steady-state flux of the different spe-
cies to the anode are calculated. The ion-silane chemical
reactions considered here either had a small activation en-
ergy or were exothermic sifice the ion energies in the anode
sheath are too small to activate highly endothermic reac-
tions. These ion fluxes are compared to the experimental
work of Weakleim ez al.® and calculations by Kushner
(See Table 1.)

lll. de SILANE DISCHARGE CALCULATION

In this section, the results using the technique given in
Sec. II for a dc silane discharge are presented. The exper-
iment that is modeled here was performed by Weakleim ez
al.® The purpose of the experiment was to determine the
effect of the electrode spacing on the current of various
silane ion species at the anode. The discharge current re-
mained constant since the applied voltage was varied to
maintain the current (0.13 mA/cm?). The purpose of this
calculation is to model the experiment and to determine
the cause of the variation in the ion currents to the anode.

This section begins with a brief exposition of the re-
sults of the electron motion calculation. This will include a
study of the effects on the electron motion due to assump-
tions made as to the electric field. This will be followed by
the results of the ion motion calculation in Sec. III B. The
effects of errors in the electron temperature and in data
such as chemical rate constants on the fractional ion cur-
rent are shown. A proposed explanation for the observed
variation in the ion current will also be given. This will be
followed by the results of the neutral chemistry calculation
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FIG. 2. Potential used for calculating the electron motion in a dc dis-
charge with an electrode spacing, L = 1.2 em.

in Sec. III C. Since there are no experimental results on
neutral behavior to compare with, a neutral motion calcu-
lation is done for only one electrode spacing.

" A. Electron motion resuits

In this section, the results of the electron motion cal-
culation are given. For each electrode spacing, the method
described in Sec. II for modeling the electric field and elec-
tron motion was used to calculate the ionization rate and
electron energy. The results of the electron motion calcu-
lation for an electrode spacing of 1.2 cm are given in Figs.
2-4. Figure 2 is a plot of the electrostatic potential used for
an electrode spacing of 1.2 cm. Figure 3 is the correspond-
ing plot of the calculated average energy electron in the

- discharge. The ionization rate is shown in Fig. 4. This
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FIG. 3. Calculated average electron energy vs x using the potential given
in Fig. 2.
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Ionization Rate vs X
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FIG. 4. Electron impact ionization rate of silane vs x using the potential
given in Fig. 2.

ionization rate is used as input for the ion motion calcula-
tion and the dissociation rate is used as input for the neu-
tral chemistry calculation. Similar calculations were also
done for electrode spacings of L = 1.0, 1.1, 1.4, and 1.8 cm.

As mentioned in Sec. II, the electric field model con-
tains a field reversal at the positive column-anode sheath
interface. The effect of this field is to trap electrons which
have an energy less than [q®,/| in the vicinity of the field
inversion. In*this region, the density of the confined elec-
trons is much greater than the density of the electrons with
an energy greater than |g®,¢|. For a non-Maxwellian dis-
tribution, this can give a low (E;) here.

The calculated electron energies at the anode, anode
sheath potential and length for each electrode spacing are
given in Table II. The electron energy at the anode in-
creases with the length of the positive column, which in-
creases with electrode spacing, due to the increased heating
of the electrons by the positive column electric field. The
heating (and cooling) of the high energy electron is re-
flected in the increase in the ionization and dissociation
rates as these electrons travel through the positive column
and the decreased rates in the anode sheath. The average
electron energy at the anode begins to level off for electrode
spacings of 1.4 cm. The electron energy at the anode will
play a vital role in determining the ion motion and the
chemical reactions in the anode sheath as will be seen in
the next section. Therefore, the accuracy of the method for
determining the electron temperature must be examined.

TABLE II. Calculated values of the electron temperature at the anode,
anode sheath length /,, and anode sheath potential drop @, for electrode
spacings L = 1.0, 1.1, 1.2, and 1.4 cm. '

L B T q)af laf

(cm) (eV) V) (cm)

1.0 0.133 .505 1.76 x 102
1.1 0.272 1.03 3.00 x 102
1.2 1.460 5.75 1.03 x 10!
1.4 1.550 5.80 1.10 x 107}
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TABLE III. The effects of changing the positive column potential drop on
the electron temperature at the anode. (1, is held constant.)

\ Applied voltage v <I>pc> T,
4] ) (eV)
~ 585.0 — 155 146
— 581.5 - 12.0 1.32
— 579.0 -—9.50 1.26

1. Electron temperature variations

In this section, an estimate of the possible error in the
calculated electron temperature is made. This error can
bave many origins. These include the assumed position of
the negative glow-positive column boundary, the applied
potential and the assumed anode sheath potential. First, we
investigate the errors due to the assumed anode sheath

‘potential, followed by the errors in the electron tempera-

ture due to changes in the length of the negative glow and
the effect of errors in the applied potential.

The first source of error in the electron temperature to
be examined is the assumed anode sheath potential used in
the electron simulation. The manner in which this error
arises is that in the initial electron simulation, an assumed

- anode sheath potential and length are used. From this elec-

tric field configuration, the electron motion and subse-
quently the electron temperature at the anode are calcu-
lated. Using this temperature, a new anode sheath potential
and length are found. The electron motion is again calcu-
lated using this electric field and the electron temperature
is found.

The variation in the electron temperature between the
two simulations is a measure of the uncertainty in the elec-
tron temperature discussed here. In these calculations, the
maximum variation in the electron temperature due to
varying the assumed sheath was found to be about 15% of
the original values, which is quite small.

The second origin of possible error in the electron tem-
perature calculation is the position of the negative glow-
positive column boundary. The effect of this boundary is to
change the electric field in the positive column (since
@, is constant). The changes in the electric field will alter
the heating rate of the electrons which in turn changes the
electron temperature at the anode sheath.

A simulation of the electron motion was done for an
electrode spacing of L =12 cm but where the positive
column length was reduced by 40% from its original value.
It was found that the electron temperature at the anode
increased 15% from original value, which is again small.

The third source of error in the electron temperature is
the measurement of the applied potential. Since the cath-
ode fall potential is assumed constant (under the condi-
tions of constant pressure and current) the effect of errors
in the applied potential measurements is to change the
electric field in the positive column. This effect is studied
by changing ®,. (and subsequently the applied voltage)
using the original positive column length.

The example used here is for an electrode spacing of
L = 1.2 cm. The positive column potential was decreased
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FIG. 5. Fractional ion currents to the anode vs electrode spacing L. (a)
The measured values and (b) the values yielded by the code.

from —14.4 to —9.5 V and electron simulations were
performed. The results of these simulations are given in
Table IIL. It was found that the electron temperature de-
creased by about 209 from the original value. This too is
a relatively small effect. As we shall see in the next section,
however, errors in the applied potential are more impor-
tant for smaller electrode spacings.

B. lon motion results

In this section, the results of the ion motion calcula-
tions are presented. These results will include an examina-
tion of the effects on the ion current due to changes in the
electron temperature and ion-silane chemical rate con-
stants.

Given the calculated ionization rate and anode sheath
electric field and length, the fractional currents at the an-
ode can be determined. The calculated and measured? frac-
tional ion currents for each electrode spacing are given in
Fig. 5. In the notation used here, SiH denotes the sum of
all ion currents in which there is one silicon atom in the
ion. Likewise, Si;H " denotes the sum of all ion currents in
which there are two silicon atoms in the ion.
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FIG. 6. A comparison of the fractional SiH; ion current vs electrode
spacing: calculated, measured, and Kushner’s results.

The SiH;" current calculations have two main origins
for error: the anode sheath electric field (principally via
T,) and the chemical rate constants used. The errors in the
calculated currents of heavier ions such as Si,H;" are due
to the previously mentioned causes and to the errors in the
chemical rate constants for creation and destruction of the
higher silane ion species. These rate constants are
estimates' and probably have large errors.

Therefore, to compare the model with experiment, it is
better to use the SiH} ion flux. Comparisons of the
heavier silane ion currents will reveal information about
the chemical rate constants for formation of those ioms.
Figure 6 gives a comparison of the fractional SiH} cur-
rents measured, calculated and given by Kushner.! This
theory and the experimental values are in good agreement
for electrode spacings of L =1.0, 1.2, 1.4, and 1.8 cm and
in moderate agreement at L == 1.1 cm. The lack of agree-
ment at L = 1.1 cm may be due to the possible errors in the
positive column potential drop and will be discussed later.
The discrepancy between the work by Kushner! and ex-
periment is probably due to the simple description of the
electric field he used. We will now investigate the effects of
errors in the calculated electron temperature and ion-silane
chemical rate constants on the fractional SiH " flux.

1. lon flux variations due to eleciron temperature
errors

The first source of error in the fractional SiH;" ion
current considered here is the calculated electron temper-
ature. The causes for the variations in the electron temper-
ature were discussed in the previous section and will not be
elaborated upon further. Here, the effects of changes in the
electron temperature on the ion current are studied.
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FIG. 7. Effects of the variations in the calculated 7', on the fractional ion
current at the anode. In this calculation, T, was allowed to vary 15%
above and below the calculated T,.

As mentioned in Sec. II A, the variation in T, due to
the way in which the anode sheath potential is modeled can
be as high as 15%. Figure 7 shows the sensitivity of the
SiH;' current to the variations in electron temperature.
The ion current was calculated using electron temperatures
15% above and below the calculated 7, as well as the
calculated and measured values. The fractional ion cur-
rents weré found to vary by less than 109 at all electrode
spacings considered while the trends of the results were
maintained.

Upon examinirig this plot, the dlscrepancy in the
SiH} current at L = 1.1 cm cannot be explained by this
mechanism alone. The only other way to recreate the mea-
sured fractional ion flux for an electrode spacing of L = 1.1
cm is to reduce the electron temperature to approximately
the value at L =1.0 cm. This can be accomplished- by
reducing the positive column potential drop. A reduction
of the positive column potential drop from — 5.5to —2.5
V achieved the desired result, so it is plausible that an error
in measuring the applied potential could have occurred.
The electron temperature decreased from 0.272 to 0.177
eV. The results of the ion flux simulation are given in Fig.
8. This suggests that for short positive columns, measure-
ment errors on the order of a few volts can drast1ca11y
change the outcome of the simulation.

2. Chemical rate constant uncertainties

The second origin of error for the SiH," current is the
chemical rate constants. From Fig. 4, the dominant prod-
ucts of the ionization of silane are SiH;" and SiH;". From
the table of ion chemical reactions (Table II), SiH;" reacts
quickly with silane to form SiH;". The main mechanism
for the loss of SiHl;" under these experimental conditions is

v 5
SiH;" + 2SiH,—SiH;" + SiH,. 7

The rate constant for this reaction was varied by 33%
from the value quoted in the literature and the ion currents
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FIG. 8. Effects of reducing the applied potential (and subsequéntly
®,.) by 3 V. (a) Applied = ~ 580 V '(<I>pc = — 5.5 V) (experiment).
(b) Applied = — 577V (®,, = —2.5V).

were again calculated. The results of this calculation are
shown in Fig. 9 where the fractional ion current varies by
up to 15% of its original value. This shows that the sensi-
tivity of the fractional ion current to changes in chemical
rate constants can be appreciable but that the original
trend in the SiH;" current remains intact.

Differences between the measured and computed fluxes
of the heavier ions can be attributed to the chemical rate

SiH; Flux vs. L and k;
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FIG. 9. Calculated fractional ion currents usmg different values of the
rate constant k, (all other rate constants and the electron temperature
remain the same).
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FIG. 10. Effects of increasing the rate constant k, on the fractional ion
currents. (a) k, =5 X 10~ (measured); (b) k=1X 1010,

constants used. Fortunately, for the experimental condi-
tions used, there is a dominant reaction for the formation
of heavier ions. This mechanism is"

ky
Si,H;" + SiH,—Si;H,;". (8)

Effects of changing %, on the ion currents are given in Fig.
10, where k%, is increased by a factor of 2 from the value
given in the literature. It can be seen that the trend in the
Si;H current now is closer to the measured trends in Fig.
5. This same procedure can be applied to estimate rate
constants for the heavier ions.

3. Proposed model for ion chemistry in the anode
sheath

A possible explanation for the variation in the frac-
tional SiH current at the anode will now be presented.
For short electrode spacings (L = 1.0 c¢m), the anode
sheath is very close to the negative glow edge. The elec-
trons are still relatively cold since there is only a weak
eleciric field in the negative glow. This yields a relatively
low electron temperature and corresponding short anode
sheath length and sheath potential drop. For wider elec-
trode spacings (L> 1.1 cm), the electrons are heated by
the positive column electric field. As the electron temper-
ature increases, so do the anode sheath length (at fixed
electron density) and potential drop. We must now relate
the effects of the electron temperature to the number of
chemical reactions the ions experience in the anode sheath.

The ratio of the time the ions spend in the anode
sheath to the average time for ions to undergo a chemical
reaction with silane is

B = Z‘Cl/ Teolls %
where 7.y is the mean time for collisions that cause a
chemical reaction and #; is the time ions spend in the anode
sheath. For this calculation, we will assume all the ions
cross the entire anode sheath. The time spent in the anode
sheath is given by

4145 J. Appl. Phys., Vol. 70, No. 8, 15 October 1991

Sqrt(Te)

1 A 1 1 1

7.0 1.2 14 1.6 1.8 2.0
Electrode Spacing (cm)

{a)

Beta

0 i 1 PR N i L 2 ]

1.0 1.2 1.4 1.6 1.8 2.0
Electrode Spacing (cm)

(b)

FIG. 11. (a) The calculated T, as a function of electrode spacing and {b)
the ratio of [, to A of the SiH/.

Ly Iy

D=0 T ikEY

where {v;) is the average ion velocity, y; is the ion mobility
and (E) is the average electric field. For a linear electric
field in the anode sheath this ratio becomes

2
Ly

_Tcollq)af )

(10)

(11)'

Both /,r and ®, are related to T, (7 is assumed to
be constant). In this model, @, = 3.8kT/q. The relation-
ship between /,r and T, is more complicated. It was as-
sumed that

Zaf=5 €T /qN,, (12)

where N, is the electron density at the anode sheath edge
which is a function of T,. Using Eqgs. (4), (5), and (6), it
may be shown that N, is proportional to +/1/7T,. Then the
anode sheath length is related to the electron temperature
by

lpee TY*. (13)
The number of chemical reactions f3 is given by
B Bp/®,p T, (14)

Therefore, at lower temperatures, ions in the anode sheath
experience fewer chemical reactions. In Fig. 11(a), the
\/T, calculated by the code is plotted as a function of
electrode spacing.
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We must now find a method to determine the ratio, 5,
from the experimental results, To do this, we will examine
the decrease in the fractional SiH;' flux. As before, we will
assume all the ions travel across the entire anode sheath. If
the anode sheath length were negligible, the ions would not
experience any chemical reactions and the fractional ion
flux at the anode would be 1. To find the number of chem-
ical reactions experienced by the SiH; ions from experi-
mental measurements we use the relation

I'=Toexp( — l,/4), (15)

where T is the SiH} flux at the anode, 'y is the SiH;" flux
at the anode in the absence of chemical reactions, and A is
the mean free path for chemical reactions.

Clearly, the argument of the exponential in (15) is
— B. We can then solve for 3 to get

B=—In(I'/Ty). (16)

In Fig. 11(b) is a plot of B using this derived relation. By
comparing Fig. 11(a) with Fig. 11(b), a direct correlation
can be observed between the increase in /7, and the in-
crease in B from the experiment. This suggests that as
VT, increases the number of chemical reactions expen-
enced by the SiH} increases.

In this derivation, it was implied that all the ions trav-
eled the entire anode sheath. This is not entirely true since
the ions are created throughout the anode sheath. The im-
portant point is that ions created at the same distance from
the anode can have different mean free paths for chemical
reactions depending on the anode sheath electric field. This
anode sheath electric field is a function of the electrode
spacing (via T, at the anode).

1IV. CONCLUSION

In this paper, a model for calculating the motion of the
electrons and ions in a dc silane discharge was presented.
Good agreement of the fractional ion fluxes at the anode
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with experimental measurements was found. The effect of
increasing the electrode spacing was to increase the elec-
tron temperature at the anode. This temperature increase
caused the conditions in the anode sheath to change so that
the ions would experience more chemical reactions.

A’ simple analytic model for the behavior of the ion
motion in the anode sheath was presented. This model
showed trends in the number of chemical reactions expe-
rienced by the ions in the anode sheath which were similar
to those found in the experiment.

This paper also showed that even if it is not possible to
do an electrostatically self-consistent calculation of the
particle motion in a discharge, the main aspects of the
particle motion can still be modeled. Using these down-
scaled models, it was possible to describe the principal as-
pects of a complex silane discharge.
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