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Absolute electron-impact cross sections for molecular targets, including their radicals,
are important in developing plasma reactors and testing various plasma processing gases.
Low-energy electron collision data for these gases are sparse and only the limited cross
section data are available. In this report, elastic cross sections for electron-polyatomic
molecule collisions are compiled and reviewed for 17 molecules relevant to plasma pro-
cessing. Elastic cross sections are essential for the absolute scale conversion of inelastic
cross sections, as well as for testing computational methods. Data are collected and
reviewed for elastic differential, integral, and momentum transfer cross sections and, for
each molecule, the recommended values of the cross section are presented. The literature
has been surveyed through early 2010. © 2010 American Institute of Physics.
[doi:10.1063/1.3475647]
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1. Introduction

Gaseous electronics—the term which is loosely applied to
describe low temperature discharge physics—is a broad and
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diverse area of research and development which encom-
passes both established and emerging technologies. These
include semiconductor production, lighting, propulsion, en-
vironmental remediation, and material processing to name
just a few. One of the major areas of application of gaseous
electronics is in the plasma modification and processing of
semiconductor and other electronic materials. This industry
worldwide had a turnover in excess of US 210 billion dollars
in 2009." Such plasma processing discharges are used to ei-
ther etch surfaces in a controlled fashion or to deposit mate-
rials, or layers of materials, which provide the required elec-
tronic response. Plasma  discharges are complex
environments in which a multitude of atomic and molecular
processes occur. Many, if not most, of these processes are
initiated by electron impact and an understanding of these
precursor reactions is critical to a broader understanding of
the dynamics of the discharge. Absolute electron scattering
cross sections for molecular targets, including their daughter
radicals, are important in developing models of plasma reac-
tors and testing the efficacy of various plasma processing
gases. Low-energy electron collision data for these gases are
generally quite sparse and, in many cases, only a limited
range of cross section data is available. This is particularly
the case for many of the important reactions (e.g., dissocia-
tion, dissociative attachment), which lead directly to the pro-
duction of those reactive species in the plasma which are
responsible for the surface modification or deposition. As an
important aspect of the operation and development of plasma
processing reactors is the ability to model the atomic and
molecular processes that take place, we must inevitably draw
upon scattering theory, in many cases, to provide the impor-
tant collision data. In this context, accurate absolute scatter-
ing data which also maps out the energy and/or angular de-
pendence of scattering processes can be extremely important
in benchmarking theory which in turn can be applied to the
calculation of some of the more complex and experimentally
inaccessible processes. In this paper we present recom-
mended cross sections for one of the key processes that can
be used to benchmark theory—elastic electron scattering for
17 molecules that are commonly used and are important in
plasma processing applications. We have reviewed data from
the literature up to early 2010 and the recommended values
are presented for the total elastic, elastic momentum transfer,
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TABLE 1. Recommended differential cross sections for elastic electron scattering (in units of 107! cm?/sr) from CF,. Recommended integral elastic cross
sections (in units of 107'° cm?) are given at the foot of each column. The uncertainty on the integral cross sections is estimated to be ~45%

Energy(eV)
Angle
(deg) 2.0 3.0 4.0 5.0 6.0 8.0 10 12 14 15 16 18 20 25 30 40 50
20 — — — 2.04 — — — — — — — — — — 4.27 4.87 3.70
+0.81 *+1.73 *£146 =1.01
30 — — — — — — 1.79 3.19 2.08 — 2.59 — — — — — —
+048 *0.88 *0.92 +0.76
40 — 1.35 1.26 1.19 1.56 1.47 1.66 1.86 2.00 1.79 1.72 1.07 0.73 0.75 0.66 0.60 0.34
*+045 *041 =039 =*041 =041 =044 =*05 =059 =*099 =046 =029 =024 =026 =022 =0.18 =*0.09
45 — — — — — — — — — 0.93 — — — — — — —
+0.34
60 0.28 0.93 1.12 0.98 1.03 0.58 0.84 0.67 — — 0.74 0.77 0.34 0.39 0.35 0.38 0.22
*0.27 *0.31 =*=0.37 =*=032 =*022 =*0.17 =*=0.33 =*=0.29 +033 *03 =*0.11 =*=0.15 =*=0.13 =*=0.11 =*0.06
75 0.14 0.77 0.80 0.63 0.75 0.40 0.53 0.66 — — 0.68 0.29 0.30 0.20 0.23 0.28 0.13
*0.17 *0.25 =*=0.26 =021 =*=0.16 =*=0.15 =*02 =024 *+0.26 =*0.11 =*=0.1 =*0.08 *0.09 =*=0.08 =*0.03
90 — 0.62 0.46 0.42 0.42 0.22 0.46 0.49 0.53 0.44 0.54 0.29 0.22 0.16 0.11 0.12 0.06
*+0.2 *0.15 =*0.14 =*=0.08 =*=0.08 =*0.14 =0.15 =*=0.19 =*=0.13 =*0.16 =*0.09 =*=0.07 =*=0.06 =*0.04 =0.04 =*0.02
105 — 0.54 0.58 0.51 0.43 0.29 0.40 0.46 0.57 0.63 0.58 0.31 0.19 0.15 0.08 0.08 0.06
*0.18 *0.19 =*0.17 =*=0.09 =*0.12 *0.13 =*0.15 =*=0.27 =*0.32 =*0.19 =*=0.1 =*0.06 =*0.07 =004 =*=0.03 =*0.02
120 — — 0.88 0.33 0.36 0.35 0.34 0.31 0.38 0.44 0.52 0.21 0.24 0.20 0.20 0.15 0.11
+0.29 =#*0.11 =*0.11 =*=0.16 =*=0.11 =*=0.11 =*=0.16 =*0.22 =*0.18 =*=0.07 =*£0.08 =*=0.1 =*0.09 =*=0.05 =0.03
135 — — — — — — 0.45 0.51 0.46 — 0.68 0.36 0.48 0.54 0.38 0.38 0.46
*0.15 *0.16 =*0.21 *+0.23 *0.12 *0.16 =021 =*=0.14 =*=0.12 =*0.14
ICS — 10.20  10.60 1033  9.69 8.70 6.64 9.45 12.66 1091 12.84 9.85 11.40 1400 11.80 10.30 8.30

and elastic differential cross sections. The energy range of
interest is up to and including 100 eV, with several excep-
tions.

2. Elastic Scattering Cross Sections
2.1.CF,

There have been several theoretical’ ® studies into elastic
cross sections for electrons scattering from CF,. These in-
clude the R-matrix,z’3 iterative Schwinger variational
method,* and Schwinger multichannel (SMC) method.>® Ex-
perimental studies are limited to a series of measurements
from the Flinders University group.s’6 Those data are found
to be in quite good agreement with the results from the SMC
computations, and form the basis of the recommended cross
sections that are listed in Table 1 and plotted in Figs. 1 and 2.

2.2. CF,

There are three experiments on measurements of differen-
tial elastic electron scattering cross sections (DCS) of CF,.
Sakae et al.” measured the DCS for incident electron ener-
gies between 75 and 700 eV and for scattering angles be-
tween 5° and 135°. The experimental DCS were extrapolated
to 0° and 180° scattering angles by fitting the square of the
Legendre polynomials to the measured values, and the inte-
gral cross section (ICS) and momentum transfer cross section
(MTCS) were obtained. Mann and Linder® measured the
DCS in the energy range 0.3-20 eV for scattering angles
from 10° to 105°. The data have been evaluated using a
modified effective range theory (MERT) analysis and the

J. Phys. Chem. Ref. Data, Vol. 39, No. 3, 2010

ICS and MTCS are estimated for the energies between 0.001
and 0.5 eV. Boesten ef al.’ measured the DCS in the energy
range of 1.5-100 eV and over the scattering angles of 15°—
130°. The DCS were again analyzed using a molecular

0 20 40 60 80 100 120 140 160 180
100;_'|'|'|'|'|'|'|'|'_.E

50eV

DCS (10"°cm?/sr)

01t A, 5

001 L v v v v v
40 60 80 100 120 140 160 180

Angle (deg)

FiG. 1. Representative elastic differential cross sections for electron scatter-
ing from CF, (in units of 107! cm?/sr).

Downloaded 10 Nov 2010 to 150.203.177.240. Redistribution subject to AIP license or copyright; see http://jpcrd.aip.org/about/rights_and_permissions



ELASTIC CROSS SECTIONS FOR E+M FOR PLASMA PROCESSING 033106-5

16 —— . — 0 20 40 60 80 100 120 140 160 180
oF | B e e e T s
2 3 3
14 4 W Integral Elastic Scattering L 7 E E
. ] ol e 100ev ]
& 124 - E o 3
5 " - 1k ° ]
o L. - . ) 3 L] 3
o 104 [ ] n - E (] ° 3
= [ ] F L ° 1
T u ] 01k e .
c u E E
-% 8 = 3 ]
0.01 " 1 " | - 1 " 1 " 1 " 1 " 1 " 1 "
b . 1 o 100 1
@ 64 . @
2 ] "t ol 20eV ]
o 3] E A 3
4 g © E AL E
o I A ]
1 L A AL -
c Aa A,LaA
27 7 %) 3 ]
T ————— T T —— O 01F 3
10 o §
Electron energy (eV) 018(1) _ " 1 " | - 1 " 1 " 1 " 1 " 1 " 1 " .
FiG. 2. Recommended integral elastic cross sections for electron scattering 10 _ 2eV _
from CF, (in units of 107'® cm?).
1L m"Ey 4
LI "Rea,
phase-shift approach in order to extrapolate them to lower 01k " 4
and higher angles, to facilitate derivation of the ICS and 3 3
. . . . 0.01 " 1 " | - 1 " 1 " 1 " 1 " 1 " 1 "
MTCS. In the energy region of interest of this article 0 20 40 60 80 100 120 140 180 180

(100 eV and below), Boesten et al. covered most of the re-
gion. In addition Boesten et al. overlapped with Sakae et al.
and Mann and Linder at the low and high energy ends, re-
spectively, and in these overlapped regions they agree very
well with each other within the estimated uncertainties.
Therefore, we recommend and tabulate the DCS of Boesten
et al. in Table 2 with the plots in Fig. 3. The estimated
uncertainty is 15%-20%. For ICS and MTCS, these three
reports give somewhat different results in the overlapping
energy regions. Christophorou et al. 19 combined and fitted all

Angle (deg)

FiG. 3. Representative elastic differential cross sections for electron scatter-
ing from CF, (in units of 107! cm?/sr).

25%, 10%, and 20%. The uncertainty in the least-squares
fitted results by Christophorou et al. is not reported.

2.3. C,F,

three results including the MERT evaluation of Mann and
Linder and suggested the ICS and MTCS. We present their
values in Tables 3 and 4 with the plots in Fig. 4. The uncer-
tainties in the ICS/MTCS results from Boesten et al. Sakae et
al. and Mann and Linder are claimed to be, respectively,

Absolute cross sections for elastic scattering of electrons
from C,F, have been determined in the energy range of
1.5—-100 eV and over the scattering angles of 20°-130° by
Panajotovic et al.,'! and that is the only report for the abso-
lute elastic scattering cross sections. This is a joint work

TABLE 2. Differential cross sections for elastic electron scattering (in units of 107'® cm?/sr) from CF,. The estimated uncertainty is 15%-20%

Energy(eV)

Angle

(deg) 1.5 2.0 3.0 5.0 6.0 7.0 8.0 9.0 10 15 20 35 50 60 100
15 — 0.1189 0.3408 0.9647 1.5526 2.5565 3.7041 4.7153 4.4007 54326 6.7566 14.1044 13.3217 12.1904 9.9255
20 0.1156  0.2107 0.5437 1.1780 1.6739 24716 3.5055 4.0973 4.7677 4.8219 5.1461 7.8265 6.9383 5.8892 3.4611
30 0.2929 0.5174 0.9571 1.7782 2.0409 23776 29866 3.5126 4.1163 3.4725 3.1666 2.6912 1.4085 1.0154  1.0555
40 04775 0.7532  1.2560 2.1309 2.3629 24221 24890 2.6564 2.8836 2.4642 1.7198 0.8776 0.7378 0.7464  0.7534
50 0.8106 1.1179 1.5905 2.3340 24184 2.0523 1.7570 1.7135 1.6848 1.3828 0.9118 0.8609 0.8566 0.7594 0.3187
60 09146 1.3994 1.6028 2.0814 1.9375 1.7795 1.1971 1.1146 0.9990 0.9010 0.7949 0.9268 0.6723 0.4286 0.2172
70 1.0264 1.2575 1.5126 14717 1.4875 1.1095 0.7749 0.7199 0.7302 0.8689 1.0042 0.8090 0.3603 0.2190 0.2153
80 0.9225 1.0442 1.1786 1.0226 0.9028 0.6573 0.5520 0.6045 0.7817 1.0580 1.0952 0.4353 0.1696 0.1289  0.1571
90 0.8779 0.8065 0.8906 0.6066 0.5430 0.4349 0.4953 0.6814 0.7996 1.0762 0.9876 0.2011 0.1364 0.1275  0.0995
100 0.8154 0.7264 0.5381 0.4080 0.3774 0.4683 0.5924 0.7671 0.7938 0.9311 0.6900 0.1760 0.1331 0.1237  0.0948
110 0.6146 0.4861 0.4399 0.3552 0.4347 0.5385 0.6781 0.7541 0.7272 0.6981 0.5303 0.2550 0.2002 0.1851 0.1223
120 0.4576  0.4031 0.3167 0.3363 0.4473 0.5927 0.6703 0.7307 0.6215 0.5948 0.5540 0.4546 0.4086 0.3220 0.1917
130 0.3618 0.2978 0.2637 0.3782 0.4503 0.5735 0.6118 0.6584 0.6514 0.6907 0.8226 0.6906 0.6573 0.4328 0.2619
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TaBLE 3. Integral elastic cross sections (in units of 107! cm?) from CF,

Electron energy Cross section Electron energy Cross section Electron energy Cross section

(eV) (107'° cm?) (eV) (107'% cm?) (eV) (10719 cm?)
0.0030 12.7 0.10 1.09 6.0 12.4
0.0035 12.2 0.15 0.62 7.0 12.6
0.0040 11.9 0.20 0.56 8.0 13.2
0.0045 11.5 0.25 0.68 9.0 14.2
0.0050 11.2 0.30 0.89 10.0 15.1
0.0060 10.6 0.35 1.18 12.5 15.5
0.0070 10.1 0.40 1.53 15.0 15.7
0.0080 9.68 0.45 1.91 17.5 159
0.0090 9.27 0.50 2.29 20.0 16.1
0.010 8.88 0.60 2.96 25.0 15.9
0.015 7.39 0.70 3.52 30.0 15.6
0.020 6.35 0.80 4.02 35.0 152
0.025 5.42 0.90 4.46 40.0 14.9
0.030 4.68 1.0 4.48 45.0 14.6
0.035 4.11 1.5 6.87 50.0 14.4
0.040 3.62 2.0 8.48 60.0 13.7
0.045 3.21 2.5 9.68 70.0 13.1
0.050 2.85 3.0 10.5 80.0 124
0.060 2.29 3.5 11.1 90.0 11.9
0.070 1.87 4.0 11.6 100.0 114
0.080 1.54 4.5 11.9
0.090 1.29 5.0 12.1

between the groups at Sophia University (SU) and the Aus- SU and ANU data sets are available and they agree with each
tralian National University (ANU). They independently mea- other within uncertainties, we least-squares-fitted both data
sured the DCS at selected electron energies, some of which sets for each energy to obtain recommended DCS. However,
overlap. At the energies (5, 10, 15, and 20 eV) where both if there are discrepancies between the two, for certain ener-

TABLE 4. Elastic momentum transfer cross sections (in units of 107'¢ cm?) from CF,

Electron energy Cross section Electron energy Cross section Electron energy Cross section

(eV) (107'% cm?) (eV) (1071% cm?) (eV) (107'% cm?)
0.0010 13.0 0.060 1.10 3.5 7.72
0.0015 12.3 0.070 0.78 4.0 7.89
0.0020 11.8 0.080 0.55 4.5 8.04
0.0025 11.3 0.090 0.39 5.0 8.21
0.0030 10.9 0.10 0.26 6 8.55
0.0035 10.6 0.15 0.13 7 8.68
0.0040 10.2 0.20 0.27 8 8.96
0.0045 9.93 0.25 0.48 9 10.1
0.0050 9.65 0.30 0.76 10 11.2
0.0060 9.14 0.35 1.05 15 13.4
0.0070 8.67 0.40 1.39 20 14.1
0.0080 8.25 0.45 1.76 25 12.5
0.0090 7.85 0.50 2.13 30 10.4
0.010 7.52 0.60 2.82 35 8.80
0.015 6.15 0.70 3.45 40 7.80
0.020 5.06 0.80 4.01 45 7.24
0.025 4.16 0.90 4.48 50 6.66
0.030 3.44 1.0 4.92 60 5.80
0.035 2.82 1.5 6.26 70 5.28
0.040 2.29 2.0 6.92 80 4.77
0.045 1.90 2.5 7.30 90 4.37
0.050 1.54 3.0 7.53 100 4.03
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gies, we do not recommend any DCS at those energies. At
the energies where only one, either SU or ANU, data set is
available, we present it as our recommended DCS. The
DCSs were analyzed using a molecular phase-shift approach
in order to extrapolate them to lower and higher angles, to
facilitate derivation of the integral cross sections. Again, at
the energies where both SU and ANU ICS/MTCS data sets
are available, we have averaged them at each energy to ob-
tain the recommended ICS/MTCS. At the energies where
only one data set is available, we present it as our recom-
mended ICS/MTCS. The estimated uncertainty in the origi-
nal DCS data is claimed to be 15%, while the uncertainty on
the integral and momentum transfer cross sections is 20%—
25%. We do not provide uncertainties for DCS/ICS/MTCS
which are derived from the least-squares fitting or averaging
process for this article, although we expect that they would
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FiG. 5. Representative elastic differential cross sections for electron scatter-
ing from C,F, (in units of 1071% cm?/sr).

be significiantly less than =50%. All the cross sections are
presented in Table 5 and plotted in Figs. 5 and 6.

2.4. C,F,

There are two experimental measurements of the elastic
DCS for C,F,. Takagi et al."* measured the DCS in the en-
ergy range of 2—100 eV and over the scattering angles of

TABLE 5. Differential cross sections for elastic electron scattering (in units of 107'® cm?/sr) and ICS and elastic MTCS, respectively (both in units of

1071¢ cm?) from C,F,

Energy(eV)
Angle
(deg) 2.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15 20 30 60 100
20 0.539 0.842 2.455 2.388 3.149 3.427 4.842 8.133 8.94 9.537 6.75 2.8
30 0.356 0.95 1.794 2477 2.301 2.698 2.981 3.386 4.502 3.804 2.97 1.44 1.29
40 0.287 0.969 1.759 2.263 1.965 2.058 2.168 2.483 2.344 1.803 1.298 0.94 0.645
50 0.346 1.091 1.537 1.88 1.521 1.572 1.6 1.626 1.404 1.179 1.064 0.642 0.332
60 0.392 0.954 1.174 1.323 1.083 1.048 1.166 1.199 1.073 1.037 0.911 0.437 0.229
70 0.417 0.755 0.86 0.928 0.873 0.966 1.049 1.034 0.943 0.94 0.753 0.245 0.185
80 0.435 0.537 0.657 0.725 0.7 0.867 0.922 0.954 0.845 0.782 0.543 0.202 0.157
90 0.367 0.48 0.543 0.672 0.683 0.882 1.014 0.885 0.746 0.618 0.387 0.177 0.114
100 0.343 0.409 0.477 0.58 0.607 0.809 0.913 0.83 0.675 0.533 0.332 0.172 0.106
110 0.32 0.385 0.434 0.528 0.594 0.788 0.84 0.819 0.672 0.584 0.446 0.221 0.14
120 0.306 0.348 0.418 0.531 0.661 0.845 0.935 0.884 0.768 0.777 0.558 0.328 0.205
130 0.286 0.349 0.467 0.621 0.803 0.955 1.104 1.035 0.975 1.058 0.773 0.441 0.288
ICS 4.34 7.73 10.5 13.1 10.5 14.4 16.8 19.6 18.9 21.5 16.9 12.2 5.43
MTCS 3.7 5.9 7.08 8.37 7.62 11.6 12.5 15.5 11.9 16 9.64 4.66 2.72
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phase-shift approach in order to extrapolate them to lower
and higher angles, to facilitate derivation of the ICS and oot bl v s ]
13 .
MTCS. Iga et al. ” reported the DCS for a range of energies 0 20 40 60 8 100 120 140 160 180

between 30 and 500 eV and for scattering angles of 10°-
135°. A manual extrapolation procedure was adopted to esti-
mate DCS at low and high scattering angles in order to de-
rive ICS and MTCS. In the energy region of 100 eV and
below, the measurements of Takagi et al. covers most of the
region, while that of Iga et al. was done mostly at high
energies overlapping with Takagi et al. only at three ener-
gies; 30, 60, and 100 eV. At these overlapping energies, the
agreement is good within the estimated uncertainties, with a
few exceptions, especially at the scattering angle of 30°.
Therefore, we recommend and tabulate the DCS of Takagi et
al. in Table 6 and they are plotted in Fig. 7. The estimated
uncertainty is 15%-20%. For ICS and MTCS, Christophorou

Angle (deg)

FiG. 7. Representative elastic differential cross sections for electron scatter-
ing from C,F, (in units of 1071% cm?/sr).

and Olthoff'* used the unpublished results of Merz and
Linder, who estimated ICS/MTCS in the very low energy
region using the MERT technique. Christophorou and
Olthoff suggested ICS and MTCS values from both Takagi et
al. and Merz and Linder at medium and low energies, respec-
tively. We present the results from Christophorou and Olthoff
in Tables 7 and 8 with the plots in Fig. 8. The uncertainties in
the ICS/MTCS results from Takagi et al. are claimed to be

TABLE 6. Differential cross sections for elastic electron scattering (in units of 107'¢ cm?/sr) from C,F4. The estimated uncertainty is 15%—20%

Energy(eV)

Angle

(deg) 2.0 3.0 4.0 5.0 7.0 8.0 10 15 20 30 60 100
10 — — — — — — — — — 23.54 41.13 37.91
15 — — — — 5.304 7.05 8.261 11.28 15.45 — 19.31 11.26
20 0.4578 1.042 2.113 3.963 5.536 6.882 7.803 8.700 10.09 14.07 6.473 2.772
25 — — — — — — — — — — 2.092 1.859
30 0.9265 1.758 2.562 4.269 5.332 5.772 5.676 5.326 4.126 3.220 1.373 1.607
40 1.368 2.496 2.805 4.089 4.127 4.094 3.322 2.269 1.174 1.154 1.428 0.8559
50 1.837 2.772 2.660 3.365 2.797 2.370 1.487 1.146 1.015 1.694 0.9475 0.3984
60 1.952 2.439 2.160 2.191 1.549 1.228 0.9494 1.230 1.477 1.681 0.5767 0.3622
70 1.960 2.018 1.650 1.471 0.9424 0.876 1.033 1.633 1.598 1.239 0.4094 0.3113
80 1.838 1.591 1.109 1.190 0.839 0.9448 1.243 1.813 1.405 0.8628 0.2396 0.1880
90 1.394 1.168 0.9805 1.058 1.060 1.107 1.328 1.551 1.172 0.7576 0.2132 0.1566
100 1.132 0.8898 0.8343 0.9543 1.047 1.125 1.187 1.365 0.9623 0.5131 0.2386 0.1387
110 1.066 0.8162 0.7842 0.8861 0.9339 0.9334 1.034 1.114 0.7965 0.5407 0.2924 0.1694
120 0.8144 0.6880 0.6748 0.8246 0.7572 0.8326 1.010 1.124 0.9013 0.7836 0.4476 0.2530
130 0.7224 0.7152 0.5981 0.6253 0.7671 0.9042 0.8516 1.209 1.227 1.148 0.5915 0.3439
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TaBLE 7. Integral elastic cross sections (in units of 107! cm?) from C,Fy

Electron energy Cross section Electron energy

Cross section Electron energy Cross section

(eV) (107'° cm?) (eV) (107'% cm?) (eV) (10719 cm?)
0.01 12.2 0.5 491 9 24.2
0.02 7.86 0.6 5.71 10 24.9
0.03 5.68 0.7 7.54 15 27.9
0.04 441 0.8 9.39 20 28.0
0.05 3.61 0.9 10.6 25 27.3
0.06 3.07 1.0 11.3 30 26.3
0.07 2.70 1.5 13.2 40 24.4
0.08 2.43 2.0 14.5 50 22.5
0.09 2.23 2.5 15.4 60 20.9
0.10 2.07 3.0 16.3 70 19.6
0.15 1.69 4.0 18.3 80 18.4
0.20 1.66 5.0 20.1 90 17.3
0.25 1.91 6.0 21.4 100 16.4
0.30 2.39 7.0 22.5

0.40 3.70 8.0 23.5

25%, but no uncertainty information is available for the re-
sults from Merz and Linder. The uncertainty in the least-
squares fitted results by Christophorou and Olthoff is also
not reported.

2.5. C4Fs

Absolute cross sections for elastic scattering of electrons
from C;F¢ have been determined in the energy range of
1.5-100 eV over the scattering angles of 15°-130° by the
Sophia University group,15 but only a part of these data was
published in Ref. 16 and later, the full set of data was re-
ported in Ref. 17. These are the only two reports on the
elastic cross sections of C3F4. The DCS were analyzed using
a molecular phase-shift approach in order to extrapolate
them to lower and higher angles, to facilitate derivation of
the integral cross sections. The estimated uncertainty in the

DCS data is 15%, while the uncertainty on the integral and
the momentum transfer cross sections is 20%—-25%. All these
data are listed in Table 9 and plotted in Figs. 9 and 10.

2.6. C5Fg

Tanaka et al.'® measured the elastic scattering cross sec-
tions for CsFg in the energy range of 1.5-100 eV and over
the scattering angles of 15°-130°, and that is the only avail-
able, published result. The DCSs were analyzed using a mo-
lecular phase-shift approach in order to extrapolate them to
lower and higher angles, to facilitate derivation of the ICS
and MTCS. All these data are recommended in Table 10 and
are plotted in Figs. 11 and 12. The estimated uncertainty in
the DCS data is 15%-20%, while the uncertainty on the in-
tegral and the momentum transfer cross sections is 30%.

TABLE 8. Elastic momentum transfer cross sections (in units of 107'¢ cm?) from C,F,

Electron energy Cross section Electron energy

Cross section Electron energy Cross section

(eV) (107'° cm?) (eV) (10710 cm?) (eV) (10710 cm?)
0.01 9.47 0.5 4.82 9 18.4
0.02 5.08 0.6 5.71 10 18.8
0.03 3.06 0.7 6.55 15 22.7
0.04 1.99 0.8 7.39 20 22.5
0.05 1.38 0.9 8.20 25 20.8
0.06 1.01 1.0 8.96 30 18.9
0.07 0.78 1.5 11.8 40 15.5
0.08 0.63 2.0 13.0 50 12.8
0.09 0.53 2.5 13.1 60 10.6
0.10 0.46 3.0 13.2 70 8.96
0.15 0.32 4.0 14.1 80 7.67
0.20 0.47 5.0 14.6 90 6.66
0.25 0.93 6.0 152 100 5.86
0.30 1.66 7.0 16.4

0.40 3.45 8.0 17.9
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Jelisavcic ef al.,'® and that is the only published report. This
is again a joint work between the Sophia University (SU)
and the Australian National University (ANU). They inde-
pendently measured the DCS at selected electron energies,
some of which overlapped. At the energies (1.5, 5, and
10 eV) where both SU and ANU data sets are available and
they agree with each other within uncertainties, we again
least-square-fitted both data sets for each energy to obtain
recommended DCS. As before, if there are discrepancies be-
tween the two for certain energies, then we do not recom-
mend any DCS at those energies. At the energies where only
one, either SU or ANU, data set is available, we present it as

FiG. 9. Representative elastic differential cross sections for electron scatter-
ing from C5F, (in units of 1071¢ cm?/sr).

our recommended DCS. The DCSs were analyzed using a
molecular phase-shift approach in order to extrapolate them
to lower and higher angles, to facilitate derivation of the
integral cross sections. Again, at the energies where both SU
and ANU ICS/MTCS data sets are available, we averaged
them at each energy to obtain the recommended ICS/MTCS.
At the energies where only one data set is available, we
present it as our recommended ICS/MTCS. The estimated

TaBLE 9. Differential cross sections for elastic electron scattering (in units of 107'® cm?/sr) and ICS and elastic MTCS, respectively (both in units of

1071¢ cm?) from C5F,

Energy(eV)
Angle
(deg) 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 15 20 30 60 100
15 4204 4777 3995 488 5.137  7.582 8857 9.234 12.06 13.57  17.965 20.224 25496 15944  9.357
20 3725 3909 3513 4496 456 6.428  7.000 7.548  9.358 10923 13.295 12.19 1248 5249 375
30 2328  2.647 2755 4259 4304 4606 5152 4966  6.080 6.483 5788  4.181  2.704  2.068  2.095
40 1.509  2.091 2583 4164 4.108 3702  3.259 3246  3.305 3.288 2542 1.832  1.662 1462  1.171
50 1.404 1932 2694 3539 3255 2603 1.825 1.773 1.704 1.83 1.588  1.602 1556 0986  0.476
60 1.348 1988 2449 2533 2.088 1.827 1367 1.178 1454 1.46 1.551  1.581 1578  0.589  0.387
70 1344 1720 1.870 1.862 1.645 1.189 1.049 1.088  1.305 1.634  1.561 1472 1.202  0.393 0319
80 1.249 1429 1498 1418 1337 0961 0984  1.103  1.469 1.644 1462 1376 0722 0311  0.185
90 0938  1.329 1275 1.274 1.08 1.019 0955 1.096  1.367 1.481 1.284  1.093 0516 0271  0.142
100 0.894  1.006 1.078 1.151 0913 1.051 0952 1.114 1.28 1452 1.153 083 0.56 0.237  0.157
110 0.882 0914 0943 1.068 0.935 0.931 1.019  1.151  1.267 1.351  1.042 0966 0.666 0.321 0214
120 0.781  0.812 0947 1.005 0941 0923 1.075 1204 13 00 1313 1.120 1.214 0.848 0543  0.305
130 0.682  0.728  0.951 1.061 0955 1.047 1.149 1.173  1.290 1.560  1.588  1.558  1.175  0.704  0.394
ICS 20 20.9 229 23.9 254 26.2 27.1 26.1 29.1 29.7 28.3 28.9 28.3 14.1 10.4
MTCS 184 19.6 20.2 21.5 224 24.4 25.2 24.9 23.7 229 20.9 18.7 15.4 6.9 3.5
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uncertainty in the original DCS data was claimed to be 15%, F ]
while the uncertainty on the integral and momentum transfer 01 g 3
cross sections is 20%—25%. We do not provide uncertainties 001 et v v v ey ]
for DCS/ICS/MTCS which have been derived from the least- 0 20 40 60 8 100 120 140 160 180
squares fit or averaging process for this article, but in all Angle (deg)

casses we expect them to be significantly less than 50%. All
the cross sections are presented in Table 11 and plotted in
Figs. 13 and 14.

2.8. C¢Fs

Cho e al.®® measured the elastic differential scattering
cross sections for CgFy in the energy range of 1.5-100 eV
and over the scattering angles of 20°-130°, and that is the
only available published result. The DCSs were analyzed

FiG. 11. Representative elastic differential cross sections for electron scat-
tering from C5Fg (in units of 107! cm?/sr).

using a molecular phase-shift approach in order to extrapo-
late them to lower and higher angles, to derive the ICS and
MTCS. All these cross sections are recommended in Table
12 and they are plotted in Figs. 15 and 16. The estimated
uncertainty in the DCS data is 15%, while the uncertainty on
the integral and momentum transfer cross sections is 25%.

TaBLE 10. Differential cross sections for elastic electron scattering (in units of 107! cm?/sr) and integral elastic and elastic momentum transfer cross sections,
respectively (in units of 107'° cm?), from C;Fg. The estimated uncertainty in the DCS data is 15%—20% and the uncertainty on the integral and momentum

transfer cross sections is 30%

Energy(eV)

Angle

(deg) 1.5 2.0 3.0 4.0 5.0 6.5 7.0 8.0 9.0 10 12 15 20 25 30 60 100
15 — — — — — — — — — 16.748 15202 14.168 22.021 26.080 28.094 17.724 7.253
20 1.224  1.185 3.270 5.757 7.099 9.769 10.830 12.417 14.415 14339 12969 12.032 13.724 14.267 13.322 4.860 3.174
30 0.883 1.624 4.100 6.171 6.284 9.395 9306 9.099 9.232 9.051 7.671 5.932 3473 2665 2098 2.683 2436
40 1.309 2258 4.143 6.085 5510 5981 5916 4958 4.154 3.662 3.083 1.866 1.161 1.565 1.551 2.007 1.251
50 1792 2.632 3811 4941 4940 3409 3.048 2313 1595 1.608 1.417 1217 1.689 2.010 1.844 1276 0.596
60 2.033 2718 3.250 3.739 2946 1900 1.642 1.280 1.253 1.289 1481 1.628 1978 2.132 1.776 0.751 0.525
70 2232 2418 2618 2436 1.889 1356 1.303 1.429 1.612 1549 1.767 2.046 1945 1908 1.328 0.571 0.442
80 2290 2.034 1.811 1.773 1474 1375 1516 1.603 1.669 1.751 1.906 2.204 1.684 1.225 0.825 0.397 0.263
90 2038 1.752 1323 1315 1.391 1435 1.613 1777 1.650 1.716 1959 2.168 1418 0.813 0.640 0.334 0.207
100 1.640 1369 1.075 1.179 1.178 1.315 1465 1457 1535 1.624 1.791 1972 1.166 0.762 0.570 0.354 0.222
110 1.355 1.078 0.890 1.010 1.038 1.138 1.340 1.328 1.422 1.586 1.609 1.591 1.150 0.852 0.656 0.472 0.299
120 1.176 0939 0.767 0.870 0.942 1.053 1.122 1295 1382 1.508 1.537 1382 1315 1.221 0.813 0.530 0.449
130 1.115 0916 0.734 0.872 0.908 1.081 1.199 1334 1580 1.623 1.590 1.569 1.929 1.645 1.283 0.942 0.632
ICS 19.800 20.817 27.401 35.317 37.503 42.877 44.365 44.513 44.942 44335 42379 39.150 37.631 36.324 32.869 18.784 13.001

MTCS 18244 17.524 21.909 26.542 32918 35.031 33.888 38.513 41.088 40.784 38.193 35.610 31.745 26.921 23.625 16.713 10.376
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2.9. CHF, 01k
Compared to some of the other species in this article, stud- 0.01 E
ies into elastic electron scattering from CHF; are much more 0 20 40 60 80 100 120 140 160 180

prevalent. In this regard we note the comprehensive data
compilations from Christophorou et al.* and Christophorou
and Olthoff,”* and the theoretical elastic scattering computa-
tions from Natalense et al.,23’24 Dimiz et al.,25 Morgan et
al.,26 Varella et al.,27 and Iga et al.”® The work of Morgan et
al. also contained an electron-swarm analysis of the
Schwinger multichannel computation results, while signifi-
cant experimental results, from 1.5-30 eV, are contained in
Varella et al.”’ and, from 20-500 eV, in Iga et al.®® We also
note additional experimental results from Meier et al.”® and
Tanaka et al.™® In general, we find very good agreement

Angle (deg)

FiG. 13. Representative elastic differential cross sections for electron scat-
tering from C4Fg (in units of 107! cm?/sr).

between the data of Varella et al.”’ and Tanaka et al.,3 ° when

they are compared with the DCSs from Iga et al.®® at each
common energy. As a consequence, our recommended data
in Table 13 and Fig. 17 are taken as a compilation from Refs.
27, 28, and 30. ICSs from Iga et al.®® are also listed at the
foot of Table 13 and Fig. 18.

TABLE 11. Differential cross sections for elastic electron scattering (in units of 107'® cm?/sr) and ICS and elastic MTCS, respectively (both in units of

1071% ¢cm?) from cyclo-C,Fy

Energy(eV)
Angle
(deg) 1.5 2.6 3.0 4.0 5.0 6.0 7.0 8.0 10 30 60 100
10
15 8.451
20 1.424 1.802 3.05 5.787 8.305 11.574 12.021 15.26 14.627 5.112 3.822
30 1.72 2.712 2.977 3.704 4.624 6.891 8.000 9.142 9.028 1.554 3.479 3.045
40 2.269 3.594 3.516 4.011 3.921 4.669 4.783 4.826 3.732 2.5 2.142 1.557
50 2.687 4.061 3.951 3.293 2.396 2.679 2.273 2.068 1.342 2.53 1.403 0.769
60 2.682 3.378 2.889 2.137 1.119 1.146 0.983 0.995 1.385 1.89 0.842 0.538
70 2.344 1.963 1.522 0.96 0.653 0.829 0.844 1.344 1.921 1.543 0.616 0.489
80 1.792 1.194 0.821 0.525 0.735 0.92 1.032 1.511 1.928 1.073 0.423 0.275
90 1.222 0.556 0.414 0.691 0.926 1.02 1.048 1.542 1.682 0.827 0.363 0.200
100 0.807 0.332 0.397 0.949 1.068 0.966 0913 1.218 1.556 0.921 0.352 0.244
110 0.576 0.378 0.684 1.248 1.165 0.883 0.81 1.267 1.463 0.872 0.472 0.300
120 0.535 0.613 0.941 1.580 1.106 0.879 0.808 1.262 1.537 1.270 0.666 0.373
130 0.632 0.905 1.213 1.769 1.211 0.948 0.919 1.430 1.700 0.935 0.674
ICS 17.9 18.1 18.7 21.4 21.9 22.8 24.9 30.5 35.3 31.3 16.1 11.0
MTCS 13.3 11 12.9 16.6 15.2 11.9 13.3 18.5 21.9 15.6 6.21 3.68
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FiG. 14. Recommended integral elastic cross sections and momentum trans-
fer cross sections for electron scattering from C,Fg (in units of 1071 cm?).

2.10. CH,F,

The original study into elastic electron scattering from
CH,F, came from Sophia University.30 This was followed by
a model potential calculation from Nishimura®' and a
Schwinger multichannel calculation, using nonconserving
pseudopotentials, from Natalense et al® A comprehensive
experimental and theoretical study was most recently under-
taken by Varella et al.*’ Here very good agreement is found
between the data from the Sophia University and the result
from the Schwinger multichannel method with a Born-
Closure procedure. As a consequence this latter study27
forms the basis of the recommended cross sections which are
listed in Table 14 and plotted in Fig. 19. Note that here no
estimates of ICS were given by Tanaka et al.,* so that here
none can therefore be incorporated into Table 14.
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FiG. 15. Representative elastic differential cross sections for electron scat-
tering from C4F (in units of 107! cm?/sr).

2.11. CHsF

The original investigation into elastic electron scattering
from CH;3F came from Meier et al” However, as that was
only a relative measurement at 1 keV, we need not consider
it further. A preliminary study that concentrated on fluorina-
tion effects, but included elastic CH;F DCS at 1.5, 30, and
100 eV, was published by Tanaka et al.*® That measurement

TaBLE 12. Differential cross sections for elastic electron scattering (in units of 107'® cm?/sr) and integral elastic and elastic momentum transfer cross sections,
respectively (in units of 107'% cm?), from hexafluorobenzene. The estimated uncertainty in the DCS data is 15% and the uncertainty on the integral and

momentum transfer cross sections is 25%

Energy(eV)
Angle
(deg) 1.5 3.0 5.0 8.0 10 15 20 30 60 100
20 9.534 5.695 6.330 17.310 17.990 27.230 23.960 13.140 6.583 2.594
30 5.130 3.103 3.731 5.023 8.583 8.649 6.193 2.601 2.374 1.918
40 2.706 1.917 2.382 2.208 3.201 2.941 2.553 1.290 2.065 1.095
50 1.612 1.412 1.498 1.024 1.915 1.480 1.585 1.230 1.416 0.418
60 1.123 1.174 1.047 0.851 1.713 1.422 1.932 1.502 0.658 0.464
70 0.840 0.904 0.760 1.059 1.346 1.993 2.217 1.185 0.386 0.379
80 0.690 0.736 0.727 0.927 1.391 2.276 1.984 0.655 0.428 0.218
90 0.588 0.685 0.733 0.931 1.554 1.828 1.288 0.525 0.425 0.179
100 0.472 0.608 0.856 1.125 1.708 1.519 1.104 0.602 0.367 0.189
110 0.515 0.643 0.908 1.378 1.820 1.628 1.570 0.695 0.364 0.217
120 0.602 0.694 0.967 1.463 1.824 2.308 2.108 0.841 0.493 0.319
130 0.762 1.129 1.185 1.646 1.938 2.371 2.128 1.286 0.779 0.402
ICS 21.75 18.60 21.51 30.98 41.09 51.62 48.01 32.65 24.26 9.04
MTCS 11.49 14.25 16.54 18.50 24.40 29.93 26.35 16.86 11.58 5.63
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FiG. 16. Recommended integral elastic cross sections and momentum trans-
fer cross sections for electron scattering from C4F¢ (in units of 107! cm?).

stimulated theoretical studies by Natalense et al. 2 using a
Schwinger multichannel method with norm-conserving
pseudopotentials. The most complete, at this time, experi-
mental and theoretical investigations into this scattering sys-
tem came from Varella et al.”” and Kato er al.*® In the former
case the incident electron energy range was 1.5-30 eV,
while in the latter it was 60—200 eV. It is the measured DCS
from Refs. 27 and 32 that form the basis of our recom-
mended cross section set in Table 15 which are also plotted
in Fig. 20. Also listed in Table. 15 are the ICS from Kato et
al.** and they are plotted in Fig. 21.

YOON ET AL.
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FIG. 17. Representative elastic differential cross sections for electron scat-
tering from CHF; (in units of 107'° cm?/sr).

2.12. CF,l

There are three elastic cross section sets reported for this
species. Kitajima et al.>® measured the elastic DCS from
CF;l in the energy range of 1.5-60 eV and for the scattering

TABLE 13. Differential cross sections (in units of 1071¢ cm?/sr) for elastic scattering from CHF;. Their absolute uncertainties are ~15%—20%. Integral cross
sections (in units of 107'° cm?) are given at the foot of this table, with errors of ~30%

Energy(eV)
Angle
(deg) 1.5 2.0 3.0 4.0 5.0 6.5 7.0 9.0 10 15 20 30 60 100 200
15 — — — — — — — — — — 8.4548 9.5002 12.1410 11.9050 6.6705 2.840
20 9.6869 7.5023 54249 6.7053 6.7146 6.4416 6.4840 6.5110 6.5873 7.3083 6.2872 7.2141 8.6783  6.8642 3.7217 1.520
25 6.9478 5.7449 — — — — — — — — — — — — 1.230
30 6.0904 4.8100 3.8389 4.1436 4.0816 4.6603 4.4950 4.1289 4.7737 47163 4.2750 3.8040 3.4654 1.5453 09134 0.834
35 44904 3.8554 — — — — — — — — — — — — — 0508
40  4.0253 3.2733 3.1524 3.1566 3.1587 3.3108 3.1550 3.1992 3.2033 3.2311 2.6826 2.0897 1.1538 0.7087 0.6237 0.381
45 33327 2.7083 — — — — — — — — — — — — — 0331
50  3.2382 24114 22942 24882 25785 24440 2.1730 2.7750 2.2542 2.1301 1.6188 1.1224 0.7951 0.7031 03117 0.273
55 27542 — — — — — — — — — — — — — — 0203
60 24263 2.1154 2.0532 2.0347 2.0618 1.7840 1.5492 1.3405 14336 13653 1.0298 0.7820 0.7492 0.4744 0.1915 0.142
65 21290 — — — — — — — — — — — — — — 0.103
70 19364 1.8134 1.5601 1.6556 1.4514 1.2392 1.0041 0.9010 0.8992 0.8555 0.7528 0.8545 0.7682 0.2643 0.1724 0.096
80  1.6762 1.5821 1.3502 1.3835 1.1383 0.8841 0.6806 0.6028 0.6296 0.6595 0.8004 0.8357 0.5775 0.1533 0.1286 0.095
90  1.6596 1.4240 1.1844 1.0640 0.8284 0.5768 0.5668 0.5356 0.6331 0.6376 0.7544 0.7317 0.3213  0.1304 0.0864 0.080
100 12772 1.2108 1.0814 0.8631 0.6731 0.4882 0.4707 0.5301 0.5809 0.6808 0.7628 0.5666 0.2219  0.1255 0.0849 0.090
110 1.1922 1.0968 0.9240 0.7209 0.5561 0.5272 0.5313 0.5243 0.6149 0.7013 0.7915 0.5301 0.2873  0.1596 0.1053 0.086
120 1.0928 1.0080 0.8603 0.6441 0.5409 0.5442 0.6051 0.6241 0.6619 0.7507 0.7513 0.5853 0.4531 0.2845 0.1615 0.090
130 1.0524 09638 0.7440 0.6087 0.6297 0.7722 0.7365 0.7556 0.8209 0.8503 0.8633 0.7619 0.6315 0.3845 0.2268 0.099
ICS — — — — — — — — — — — 20.0 19.2 — 10.6 693
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FiG. 18. Recommended integral elastic cross sections for electron scattering
from CHF; (in units of 107'% cm?).

angles of 20°-130°, and Francis-Staite et al** made DCS
measurements at ten incident electron energies in the range
10-50 eV with a scattered electron angular range of 20°-
135°, from which they derived ICS. Cho et al® presented
DCS for scattering angles from 10° or 20° up to 180° at the
incident electron energies of 5, 10, 20, 30, and 50 eV. Cho et
al. also estimated ICS and MTCS from their experimental
DCS set and from the previous DCS result of Kitajima et
al.®® In the energy and angular ranges where these results
overlapped, their overall behavior is similar to each other,
with a significant exception at 10 eV, and also for some an-
gular ranges at other energies. Since it is difficult to recom-
mend a specific data set due to these discrepancies, we plot-
ted all three results with error bars on a single plot for each
energy and deleted data points which are not overlapped with
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FIG. 19. Representative elastic differential cross sections for electron scat-
tering from CH,F, (in units of 107! cm?/sr).

any other data point within the limits of uncertainties. We
least-squares-fitted the remaining data points at each energy
to obtain the suggested DCS. For the energies where only
one data set is available at each energy, we decided not to
recommend, but simply present available DCS sets, consid-
ering the recent interests in this molecule. We decided not to
recommend or suggest ICS/MTCS, either. The estimated un-
certainties in the original cross sections provided by each

TABLE 14. Differential cross sections (in units of 107'® cm?/sr) for elastic scattering from CH,F,. Their absolute uncertainties are 15%

Energy(eV)

Angle

(deg) 1.5 2.0 3.0 4.0 5.0 6.5 7.0 8.0 9.0 10 15 20 30 60 100
15 — — — — — — — — — 13.0880 11.872 — 12.2110 8.3641 3.0323
20 21.3310 16.2830 11.5580 9.0750 9.7206 8.8760 8.4820 8.3492 8.1393 10.0440  9.2324 9.0980  7.5670 4.4855 1.6570
30 8.5640  6.8560 5.6684 4.8670 4.4180 4.4710 49131 5.1217 49203  5.0470 4.5488 4.6290  2.8768 1.3501 0.6164
40 4.6070  4.1600  3.6126 2.8320 3.0815 2.8070 3.5260 3.1706 2.9339  2.8850 23204 2.0610 1.3866 0.6615 0.4509
50 2.8370 25047 22076 1.9440 2.0835 2.0618 2.1745 2.0621 19643 19130 14704 1.2640 0.6873 0.4951 0.3159
60 1.9590  1.7140  1.8537 1.4480 1.4515 13635 1.3946 14373 1.3768 1.2522 09873 1.0000 0.6541 0.2972 0.1993
70 1.6460  1.2980  1.3511 1.0850 0.9725 0.8670 0.8886 0.9045 0.7684  0.7654  0.6998 0.8349  0.6490 0.2028 0.1134
80 1.2560  1.0820  0.9557 0.8350 0.7247 0.6164 0.6223 0.5381 0.6600  0.7691  0.7558 0.7447  0.4273 0.1476 0.0678
90 1.1860  1.0637  0.9048 0.7271 0.6829 0.6441 0.6435 0.6352 0.7528  0.7563  0.7162 0.6768  0.2597 0.1084 0.0596
100 0.9826 09339  0.7467 0.6775 0.6159 0.6132 0.6592 0.7877 0.8472  0.8092 0.8178 0.5402  0.1939 0.1058 0.0841
110 0.9461 09448  0.7187 0.7262 0.6490 0.7416 0.8139 0.9840 1.0161 1.0320  0.7121 0.5804  0.2545 0.1141 0.0946
120 0.9439  0.8562  0.7729 0.7282 0.8211 0.9898 0.9314 0.9863 1.0991 1.1034  0.8297 0.6617  0.3280 0.2147 0.1267
130 09639  0.8741  0.8330 0.8820 0.9830 1.0857 1.0451 1.2380 1.2089  1.0930  0.8445 0.7382  0.5917 0.3238 0.1866
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TABLE 15. Differential cross sections (in units of 107'¢ cm?/sr) for elastic scattering from CH;F. Their absolute uncertainties are ~15%—20%. Integral cross
sections (in units of 107'° cm?) are given at the foot of this table, with errors of ~30%

Energy(eV)
Angle
(deg) 1.5 2.0 3.0 4.0 5.0 6.5 7.0 8.0 9.0 10 15 20 30 60 100 200
15 — — — — — — — — — 9.9915 9.7406 10.363 10.201 7.2117 2.5456 3.5112
20 14.1540 9.8276 7.4441 6.0525 7.0843 7.7898 8.0992 7.8911 3.3488 8.2624 8.5840 7.6735 7.9241 4.0624 1.0977 1.5024
30 7.1874 5.6562 4.0018 3.4945 4.1983 4.4785 4.6517 5.0518 5.0519 5.1938 4.7734 4.1405 3.1670 0.9253 0.2859 0.5534
40 3.8364 3.1210 2.1882 2.1424 2.3673 2.9357 2.8488 3.0756 2.9920 1.3046 2.5443 2.1341 1.3697 0.4905 0.2521 0.2706
50 2.2522 21132 1.3786 1.5485 1.6474 1.8061 1.7177 1.8000 1.8140 1.8203 1.5009 1.1827 0.6134 0.3519 0.2197 0.1630
60 1.6898 1.4086 1.1454 1.2539 1.4041 1.2465 1.3696 1.2924 1.1114 1.0767 0.9337 0.7440 0.4983 0.2501 0.1489 0.0831
70 1.0707 1.0683 1.1635 1.2975 1.2625 1.1107 1.1556 1.0046 0.8962 0.8114 0.6601 0.6409 0.4755 0.1414 0.0878 0.0631
80 0.9570 1.0478 1.1553 1.3416 13097 1.2281 1.1426 1.0010 0.8893 0.7719 0.6260 0.5804 0.3436 0.1150 0.0629 0.0544
90 0.8825 0.8323 1.1215 1.2426 1.4064 1.4072 1.2777 1.1234 0.8997 0.9428 0.6139 0.5165 0.2329 0.0744 0.0505 0.0498
100 0.7660 0.8923 1.0984 1.2070 1.3022 1.3379 1.2877 1.2020 1.0631 1.0123 0.6384 0.3976 0.1874 0.0663 0.0552 0.0445
110 0.7705 0.8579 1.0003 1.0502 1.2825 1.2004 1.3155 1.2724 1.1124 1.0556 0.6392 0.4287 0.2004 0.0799 0.0731 0.0412
120 0.7196  0.7659 0.9292 0.8941 1.1856 1.1851 1.2422 1.1599 1.2329 1.0469 0.6743 0.4397 0.2955 0.1354 0.1071 0.0443
130 0.6702 0.6979 0.7637 0.9579 1.0813 1.1207 1.2399 1.2863 1.1841 1.1701 0.7566 0.5727 0.3968 0.1906 0.1114 0.0442
ICS — — — — — — — — — — — — — 6.123 2929  3.253
group are the following: 15%-20% in DCS for Kitajima et 2.13. NF;

al.,”* 30% in DCS and 40% in ICS/MTCS for Francis-Staite
et al.,** and 8%-15% in DCS and 25%-30% in ICS/MTCS
for Cho er al.>> We do not provide uncertainties for DCS/
ICS/MTCS which are least-squares-fitted or averaged for this
article. All the cross sections are presented in Table. 16 and
plotted in Fig. 22.
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FiG. 20. Representative elastic differential cross sections for electron scat-
tering from CH4F (in units of 107'¢ cm?/sr).
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There is a real sparsity of available data for electron scat-
tering from NF;. The first theoretical study on low-energy
electron collision processes in NF; was from Rescigno,36
which included Kohn variation calculations of elastic DCS
and ICS for electrons with energies in the range 0—10 eV.
Shortly thereafter, the only comprehensive experimental
study, which reported elastic DCS, ICS, and MTCS for en-
ergies between 1.5 and 100 eV, was published by Boesten et
al.”’ Subsequently, a Schwinger multichannel theoretical
approach38 reported corresponding cross sections for electron
energies in the range 0—60 eV. Generally quite good agree-
ment was found between the results from that calculation and
the data of Boesten et al.,37 so our recommended data in
Table 17 and Figs. 23 and 24 is consequently taken from the
measurements of Boesten et al.
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FiG. 21. Recommended integral elastic cross sections for electron scattering
from CH,F (in units of 107'° cm?).
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TaBLE 16. Differential cross sections for elastic electron scattering (in units of 107! cm?/sr) from CFsl

Energy(eV)
Angle
(deg) 1.5 3.0 5.0 8.0 10 15 20 25 30 40 50 60

10 28.06 26.36 10.69

20 222 3.35 11.38 19.25 20.54 19.45 11.02 4.83 4.06
30 1.21 227 8.79 12.03 11.97 14.67 7.70 3255 421 2.84 2.38 1.10
40 0.82 3.16 6.45 6.40 5.71 751 2.38 2.54 1.94 3.33 1.19 0.66
45 3.89 1.51 2.47 0.86

50 1.00 3.49 4.19 3.03 2.58 1.23 1.34 0.65 0.51
60 1.02 3.52 3.16 1.67 1.57 1.39 1.23 1.7 1.04 0.67 0.45 0.31
70 1.09 3.2 2.25 1.36 1.43 1.11 0.74 0.35 0.18
75 1.84 0.98 0.49 0.60 0.72 0.30

80 0.97 2.61 1.91 1.39 1.39 0.85 0.49 0.25 0.14
90 0.82 1.91 1.67 1.46 1.21 1.68 0.66 0.7 0.39 0.26 0.19 0.12
100 0.7 1.41 1.43 1.23 0.97 0.62 0.39 0.21 0.16
105 1.19 0.62 0.47 0.42 0.46 0.26

110 0.55 0.9 1.15 0.94 0.85 0.62 0.46 0.32 0.27
120 0.46 0.68 0.95 0.85 0.95 1.01 0.65 0.74 0.55 0.68 0.44 0.43
130 0.40 0.84 1.07 1.15 1.27 0.75 0.72 0.50 0.51
135 1.67 1.34 0.84 0.73

140 1.62 1.76 0.95 0.99 0.52

150 2.61 2.34 1.13 1.31 0.59

160 3.48 2.88 1.22 1.58 0.71

170 3.78 3.27 1.47 1.78 0.70

180 4.23 3.71 1.65 2.03 0.78

2.14. SF,
Unlike most of the other molecules in this report, there
0 20 40 60 80 100 120 140 160 180 have been numerous measurements of elastic cross sections
o T T T T T of this molecule for the last several decades”>** and these
506V were review%ﬁy Christophorou and Olt'hoff.45 'In the work
oge . 3 of Cho et al.™"" a magnetic angle-changing device was em-
] i ° o ] ployed in conjunction with an electron spectrometer to mea-
®e oeq PPSC R o000 sure the cross sections to backward angles at low impact
01 [ °° 4 energies. While these results show somewhat scattered dis-
tributions, Rohr,42 Sakae et al.” and Cho et al.***' show re-
) o — markably good agreement at those electron energies for
N@ A, 206V which they overlap. We would also like to note that there is
§ 10 3 A 3 a quite recent measurement by Bhushan et al.*® for the en-
g-‘c_, . _ A a Ma, i aadhn N A_ ergy regi(?n from 50 to 500 eV, which is pretty much over-
- lapped with that of Sakae er al., and both measurements
§ 0.1 , , agree with each other within the uncertainties in the energy

region of the current interest. Rohr reported elastic DCS at
001 —m—t——rt— 0.5, 2.7, and 7 eV, while Sakae er al. measured DCS for

. electron energies from 75 to 700 eV. Cho et al. measured at
10 — 3ev — 11 energies between 2.7 and 75 eV. Also, ICS/MTCS from
f mgmEEE, - ] these three groups are very smoothly connected at the bound-

TE "anm 3 ary of the energy ranges where their results meet each other.
o1 _ _ This consistency justifies choosing the elastic DCS/ICS/

MTCS from these three groups as recommended
0.01 L— 2'0 . 4'0 . 6'0 . 8'0 '1(')0 . 1;0‘ 1"‘0 . 1é0‘ 1;30 data—Rohr*? for 0.5 eV, Cho et al® for 2.7-75 eV, and

Sakae et al.” for 100 eV. Christophorou and Olthoff* fitted
ICS/MTCS from these three groups and presented recom-

FiG. 22. Representative elastic differential cross sections for electron scat- mended data. We Simply give their ﬁtting results as our rec-
tering from CF;I (in units of 107'¢ cm?/sr). ommended values for ICS/MTCS. All these DCS/ICS/MTCS

o

Angle (deg)
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TABLE 17. Differential cross sections for elastic electron scattering (in units of 107! cm?/sr) and ICS and elastic MTCS, respectively (in units of 107'¢ cm?),
from NF;. The estimated uncertainty in the DCS data is ~15%—20%, while the uncertainty on the integral and momentum transfer cross sections is

~20%—-30%
Energy(eV)
Angle
(deg) 1.5 2.0 3.0 4.0 5.0 7.0 7.5 8 10 15 20 25 30 50 60 100
15 — — — — — — — — 3.323 4.641 6.890 9.051 10.710 12.330 11.200  9.000
20 0933 1430 2.199 2960 2729 2.671 2.896 2.908 3.168 3.946 5.006 6.490 6.946 6.715 5955 3.201
30 0.667 1216 2436 2949 2807 2932 3.036 3.132 3.037 3.077 2.777 2.863 2.657 1.838 1.243  0.851
40 0.656 1.078 2331 2.822 2577 2.868 2731 2.699 2.680 2.107 1.680 1.358 1.004 0.666 0.671 0.623
50 0729 1197 2052 2511 2119 2123 2224 2115 1934 1271 0934 0742 0616 0.621 0537 0340
60 0.787 1.152 1.768 1.818 1.552 1.655 1.517 1.460 1.390 0.826 0.750 0.688 0.639 0.601 0.328 0.195
70 0962 1.074 1.329 1297 1261 1.137 1.108 1.209 0.954 0.715 0.799 0.747 0.671 0.340  0.232 0.156
80 0981 1.100 1.114 1.099 0947 0.808 0.851 0.868 0.737 0.725 0.798 0.665 0.509 0.196 0.155 0.116
90 1.097 1.011 0920 0.794 0.714 0.727 0.719 0.766 0.702 0.786 0.715 0.510 0.320 0.116 0.109  0.067
100 1.053 0.884 0.685 0.640 0.641 0.663 0.704 0.702 0.694 0.738 0.569 0.322 0.191 0.093 0.093 0.073
110 0.998 0.843 0.598 0.542 0.622 0.666 0.704 0.707 0.673 0.610 0.462 0.295 0.200 0.146 0.152  0.108
120 0992 0.778 0.584 0.539 0.637 0.652 0.661 0.639 0.626 0.555 0.561 0.440 0.376 0.314 0.265 0.169
130 0920 0.723 0576 0.604 0.765 0.655 0.645 0.623 0.605 0.598 0.746 0.725 0.623 0.483 0.378 0.273
ICS 11.90 1298 17.24 1841 18.11 17.35 1747 17.89 1691 14.60 14.48 14.05 13.33 12.32 11.03 9.72
MTCS 1246 1239 14.24 1492 1492 1424 1417 1282 1353 1041 9.87 8.54  7.63 6.62 581 542
data are presented in Tables 18 and 19 and plotted in Figs. 25 2.15. SiH,

and 26. Numbers in parentheses in Table 18 between 2.7 and
75 eV are the uncertainties given by Cho et al.*® Rohr* and
Sakae et al.” claimed the uncertainties of 10% and 20%,

respectively, for their DCS.
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FiG. 23. Representative elastic differential cross sections for electron scat-
tering from NF; (in units of 10716 cm?/sr).
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Since the discovery of the hydrogenerated amorphous sili-
con used in solar cells, various chemical systems have been
investigated to deposit a-Si-based materials by plasma-
enhanced chemical vapor deposition (PECVD). However,
there is a sparsity of available data for electron scattering
from SiH,. A set of cross sections, including the elastic
MTCS for SiH,, was derived from a swarm experiment by
Shimada et al.*’ The first theoretical study on total (elastic
+absorption), MTCS, and DCS for e-SiH, in the energy
range 30—400 eV was reported by J ain™® using a parameter-
free and energy-dependent spherical-complex-optical poten-
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FiG. 24. Recommended integral elastic cross sections and momentum trans-
fer cross sections for electron scattering from NF; (in units of 107¢ cm?).
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TABLE 18. Differential cross sections for elastic electron scattering (in units of 107! cm?/sr) from SF
Energy(eV)
Angle
(deg) 0.5 2.7 5.0 7.0 9.0 10 15 20 30 50 75 100
5 125.449
10 5.790 13.788(17) 23.711(8)  55.574(8) 49.457(7) 45.477(8) 43.519
15 5.896(8) 8.500(11) 11.168(7) 15.218(8) 12.994(7) 15.656(7) 23.329(7) 24.678(7) 15.422(8) 12.423
20 2.895 1.949(13) 3.939(11) 7.899(7) 8.823(9) 8.892(7) 12.415(7) 11.128(7) 10.983(9) 13.255(7) 9.672(8)  4.414(9) 2.510
25 1.990(8) 4.225(7) 6.843(7) 7.720(7)  7.558(8) 9.312(7) 8.699(7)  7.988(7) 6.916(7) 3.510(8) 1.369(13) 1.499
30 2272 2.336(7) 4.001(8) 5.899(7) 6.404(7)  6.236(7) 6.651(7) 6.652(7)  5.246(8) 3.307(7)  1.606(8) 1.230(8) 1.575
35 2467(7) 3.827(8) 4.893(7) 5.201(8)  4.811(7) 4.511(7) 4.649(7) 3.228(10) 1.573(7) 1.295(8) 1.379(10) 1.427
40 1748 2.516(8) 3.597(7) 3.988(7) 3.893(7) 3.507(7) 2.911(8) 3.046(7) 1.867(7)  0.988(7) 1.376(8) 1.326(10) 0.915
45 2.506(8) 3.143(8) 2.995(7) 2.811(7) 2.517(7) 1.724(7) 1.837(7)  1.002(9)  0.993(7) 1.378(7) 0.965(8) 0.546
50  1.358 2.401(8) 2.819(9) 2.201(7) 2.066(7) 1.708(8) 1.104(7) 1.126(7)  0.703(9) 1.266(7)  1.159(10)  0.670(8) 0.326
55 2.184(8)  2.329(7)  1.550(7) 1.442(7) 1.189(7)  0.748(7) 0.839(7)  0.740(9) 1.369(7)  1.038(8) 0.478(8) 0.255
60 1.025 2.049(7) 1.894(7) 1.107(7) 1.089(7) 1.028(7)  0.677(8) 0.869(7)  0.984(9) 1.430(7)  0.758(10)  0.340(8) 0.249
65 1.787(7)  1.422(8) 0.873(7) 0.953(7)  0.982(7)  0.737(8) 1.053(7)  1.331(11) 0.533(11)  0.298(8) 0.274
70 0.969 1.539(7) 1.150(7) 0.802(7) 0.941(7) 1.091(8)  0.858(8) 1.246(7)  1.433(10) 1.052(8) 0.342(9) 0.274(10) 0.310
75 1.405(7)  0.907(9) 0.842(7) 1.073(7) 1.263(7)  0.994(8) 1.393(7)  1.500(8) 0.236(9) 0.262(10) 0.281
80  0.879 1.199(7) 0.825(8) 1.002(7) 1.263(7) 1.456(9) 1.088(8) 1.403(7) 1.343(7)  0.655(8) 0.180(12) 0.243(12) 0.220
85 1.077(8)  0.795(7) 1.153(7) 1.317(8) 1.531(8) 1.103(8) 1.308(7)  1.128(8) 0.199(9) 0.231(9) 0.176
90  0.768 0.969(8) 0.884(8) 1.288(7) 1.391(8) 1.516(9) 1.168(7) 1.218(7) 1.011(8) 0.402(7)  0.234(9) 0.214(11) 0.131
95 0.906(8)  0.960(9) 1.388(7) 1.385(7) 1.413(12)  1.193(8) 1.069(7)  0.823(9) 0.283(8) 0.218(14) 0.119
100 0.713 0.935(8) 1.124(8)  1.420(7) 1.345(7) 1.244(8) 1.132(8) 0.974(8) 0.690(7)  0.473(7) 0.316(9) 0.194(8) 0.141
105 0.981(8) 1.229(7) 1.397(7) 1.217(7) 1.067(8) 1.095(7) 0.864(7)  0.596(8) 0.320(10)  0.182(9) 0.172
110 0.725 1.037(7) 1.268(9) 1.296(7) 1.069(8)  0.952(7) 1.117(7) 0.791(7)  0.611(8) 0.643(8)  0.343(10)  0.210(10) 0.204
115 1.057(7) 1.254(8) 1.165(8) 0.945(7)  0.831(7) 1.210(8) 0.778(7)  0.602(8) 0.389(11)  0.262(13) 0.249
120 0.690 1.099(8) 1.231(9) 1.048(7) 0.816(7)  0.771(8) 1.376(8) 0.765(7)  0.669(8)  0.873(7) 0.420(10)  0.356(10) 0.295
125 1.236(7)  1.150(11) 0.909(7) 0.745(7)  0.779(7) 1.450(7) 0.811(7)  0.811(9) 0.469(11)  0.472(11) 0.416
130 1.311(7)  1.016(9) 0.810(7) 0.830(12) 0.846(8) 1.544(7) 0.867(7)  0.933(7) 1.098(7) 0.583(12) 0.632(13) 0.495
135 1.351(7)  0.956(8) 0.977(7) 0.956(7)  0.916(7) 1.566(7) 0.971(7)
140 1.372(7)  0.908(8)  0.999(7) 0.995(7)  0.999(8) 1.616(7) 1.118(7)
145 1.402(8)  0.792(8) 1.006(7) 1.072(8) 1.113(7) 1.651(7) 1.257(7)
150 1.415(7)  0.744(9) 1.110(7) 1.233(7) 1.173(7) 1.686(7) 1.353(7)
155 1.390(7)  0.703(8)  1.235(7) 1.305(8) 1.247(7) 1.711(7) 1.495(8)
160 1.485(7) 0.641(7) 1.288(7) 1.467(8) 1.306(7) 1.758(7) 1.652(7)
165 1.486(7) 0.606(7) 1.395(8) 1.571(9) 1.357(7) 1.752(8) 1.774(7)
170 1.485(7)  0.576(8) 1.467(7) 1.618(8) 1.369(7) 1.829(8) 1.915(7)
175 1.499(7)  0.572(7) 1.512(7) 1.706(7) 1.440(7) 1.862(7) 1.940(7)
180 1.500(7)  0.535(9) 1.542(7) 1.775(7) 1.473(8) 1.843(7) 1.973(7)

tial. Thereafter, the elastic DCS, ICS, and MTCS for energies
between 1.8 and 100 eV and a scattering angle range of 20°—
130° was published by Tanaka et al.” Subsequently, a
Schwinger multichannel theoretical approachso reported cor-
responding cross sections for electron energies in the range
1-30 eV. Recently, the DCS and ICS were calculated in the
energy range of 20-2000 eV by Mozejko et al.” using an
independent atom model. Generally quite good agreement
was found between the results from these calculations and
the data of Tanaka et al. ,49 so our recommended data in Table
20 below is consequently taken from the measurements of
Tanaka et al. Figures for DCS, ICS and MTCS are given in
Figs. 27 and 28.

2.16. Si,Hg

Similar to SiHy, this species is also relevant to PECVD of
a-Si-based materials. Again there is little available data for

electron scattering from Si,Hg. A set of cross sections, in-
cluding the elastic MTCS for Si,Hg, was also derived from a
swarm experiment by Shimada et al.*” A recent theoretical
study on total elastic, total ionization, and total cross sections
for e-Si,Hg in the energy range of threshold to 2000 eV was
made by Vinodkumar et al.”? using a parameter-free, and
energy-dependent  spherical-complex-optical ~ potential.
Shortly thereafter, the only comprehensive experimental
study, which reported elastic DCS, ICS, and MTCS for en-
ergies between 1.5 and 100 eV and scattering angles of 10°—
130° was published by Dillon et al.” Subsequently, a
Schwinger multichannel theoretical approach54’55 reported
corresponding cross sections for electron energies in the
range 5—30 eV. Generally quite good agreement was found
between the results from these calculations and the data of
Dillon et al.,s3 so our recommended data in Table 21 below

J. Phys. Chem. Ref. Data, Vol. 39, No. 3, 2010

Downloaded 10 Nov 2010 to 150.203.177.240. Redistribution subject to AIP license or copyright; see http://jpcrd.aip.org/about/rights_and_permissions



033106-20

YOON ET AL.

TABLE 19. ICS and elastic MTCS, respectively (in units of 107! cm?) from SF

Electron Energy ICS MTCS Electron Energy ICS MTCS
eV 1071% cm? 107'% cm? eV 1071% cm? 107! cm?
0.3 45.6 10 24.8 15.1
0.35 33.0 11 26.1 16.7
0.4 26.2 12 26.6 17.6
0.45 21.8 13 26.5 17.1
0.5 18.7 14 26.1 15.8
0.6 14.8 15 25.6 14.9
0.7 12.5 16 25.2 14.5
0.8 11.1 17 24.9 14.7
0.9 10.2 18 24.8 15.0
1 9.72 19 24.8 15.4
1.2 9.73 20 24.7 15.7
1.5 10.9 22 24.7 15.7
2 14.8 25 24.7 15.0
2.5 17.8 30 244 13.2
2.75 16.0 35 24.0 11.5
3 19.3 15.4 40 23.5 10.3
35 19.9 14.5 45 22.8 9.37
4 20.1 14.0 50 22.2 8.65
4.5 20.6 139 60 21.3 7.69
5 21.3 14.1 70 20.5 7.06
6 23.6 15.1 75 20.2 6.74
7 24.2 15.5 80 19.8 6.46
8 24.6 14.8 90 19.1 6.03
9 24.5 14.4 100 18.4 5.7
is consequently taken from the measurements of Dillon ef al.
0 20 40 60 80 100 120 140 160 180 Figures for the DCS, ICS and MTCS are given in Figs. 29
qof T T T T and 30.
.
oL ® 75eV ]
E e 2.17. GeH,
F S, N o® 3 A set of cross sections, including the elastic MTCS for
i ®0000000eee®’ ] GeH,, was derived from a swarm experiment by Soejima and
01 _ _ Nakamura.’® A recent theoretical study, on total elastic, total
001 bt v v v v v ] ionization, and total cross sections for e-GeH, in the energy
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FiG. 25. Representative elastic differential cross sections for electron scat-

tering from SFg (in units of 107! cm?/sr).

J. Phys. Chem. Ref. Data, Vol. 39, No. 3, 2010

FI1G. 26. Recommended integral elastic cross sections and momentum trans-
fer cross sections for electron scattering from SFy (in units of 107'¢ cm?).
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TABLE 20. Differential cross sections for elastic electron scattering (in units of 107'® cm?/sr), ICS and elastic MTCS, respectively (in units of 107'¢ cm?), from
SiH,. The estimated uncertainties on the DCS data is 15%-20%, while the uncertainties on the ICS and MTCS are in the range of 20%-30%

Energy(eV)
Angle
(deg) 1.8 2.15 2.65 3.0 4.0 5.0 7.5 10 15 20 40 100
10 — — — — — — — — 23.473 23.48 35.644 10.11
15 — — — — — — — — 21.948 19.857 17.68 4.165
20 3.352 4.243 5.166 7.407 11.221 13.490 18.709 19.985 18.028 15.426 9.891 1.684
30 2.861 4.233 5.858 6.459 11.032 12.450 17.061 15.271 10.248 7.035 2.447 0.509
40 1.870 3.058 4.818 5.587 7.980 9.524 10.870 7.998 4.657 2.708 0.734 0.277
50 1.073 2.056 3.365 3.702 5.580 6.696 6.403 4.227 1.917 0.891 0.364 0.127
60 1.080 1.575 2.477 2.723 3.423 3.994 3.467 2.091 0.699 0.423 0.255 0.0915
70 1.340 1.853 2.331 2.309 2.144 2.283 1.855 0.990 0.478 0.426 0.227 0.101
80 2.017 2.370 2.466 2.360 1.828 1.655 1.344 0.936 0.612 0.540 0.229 0.0923
90 3.064 3.058 2.686 2.670 1.525 1.524 1.490 1.334 0.750 0.519 0.276 0.0599
100 3.019 2.990 2.844 2.605 1.563 1.578 1.801 1.400 0.768 0.415 0.241 0.0268
110 2.359 2.581 2.458 2.325 1.517 1.432 1.966 1.370 0.612 0.326 0.196 0.00941
120 1.771 2.163 2.036 1.831 1.333 1.432 1.709 1.150 0.400 0.209 0.131 0.0192
130 1.458 1.806 1.861 1.729 1.475 1.552 1.521 0.892 0.244 0.147 0.0943 0.0461
ICS 27.5 31.6 34.8 36.5 40.1 44.4 49.9 394 28.7 20.7 14.0 4.30
MTCS 29.0 30.1 29.1 28.1 24.5 25.6 24.4 15.8 11.2 8.70 2.90 1.20

range of the ionization threshold to 2000 eV was carried out
by Vinodkumar et al.”’ using a parameter-free and energy-
dependent spherical-complex-optical potential. Thereafter,
the only comprehensive experimental study, which reported
elastic DCS, ICS, and MTCS for energies between 1.5 and
100 eV and scattering angles of 10°-~130°, was published by
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FiG. 27. Representative elastic differential cross sections for electron scat-
tering from SiH, (in units of 107'¢ cm?/sr).

Dillon et al.’® Subsequently, a Schwinger multichannel the-
oretical applroach54 reported corresponding cross sections for
electron energies in the range 5—30 eV. Recently, two other
calculations have also been reported. One was a calculation
of elastic DCS, ISC, and MTCS in the energy range from
0.2 to 100 eV using the Schwinger iterative variational
method in the fixed-nuclei, static-exchange plus correlation-
polarization approximation.59 The other was for elastic DCS
and ICS from 20-2000 eV, using an independent atom
model with static-polarization model potential.52 Generally
quite good agreement was found between the results from
those calculations and the data of Dillon et al.,58 SO our rec-
ommended data in Table 22 is consequently taken from the
measurements of Dillon et al. Figures for the DCS, ICS and
MTCS are given in Figs. 31 and 32.
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FiG. 28. Recommended integral elastic cross sections and momentum trans-
fer cross sections for electron scattering from SiH, (in units of 107'¢ cm?).
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TABLE 21. Differential cross sections for elastic electron scattering (in units of 107! cm?/sr) and ICS and elastic MTCS, respectively (in units of 107'¢ cm?),

YOON ET AL.

from Si,Hg. The estimated uncertainties on the DCS data is 15%—20%, while the uncertainties on the ICS and MTCS are in the range of 20%—-30%

Energy(eV)

Angle

(deg) 2.0 3.0 4.0 5.0 7.5 10 15 20 40 100
10 — — — — — 40.54 68.49 80.82 63.36 26.00
20 18.165 15.02 18.05 21.42 29.46 32.41 36.03 32.96 10.33 2.218
30 7.681 12.31 15.83 17.52 16.23 15.29 13.66 9.716 1.955 0.8952
40 5.845 9.025 10.70 10.16 7.56 6.445 4.257 3.477 0.9451 0.4386
50 3.482 5.444 5.181 4.705 3.404 2.774 2.409 2.138 0.380 0.1936
60 2913 3.213 3.337 2.885 2.389 2.065 1.758 1.215 0.313 0.1420
70 2911 3.271 3.016 2.689 2.528 2.025 1.224 0.741 0.267 0.1626
80 2.639 3.131 3.107 3.115 3.174 1.859 0.982 0.701 0.245 0.1583
90 2.685 3.331 2.775 2.890 2.715 1.713 1.035 0.751 0.245 0.08568
100 2.489 3.498 2.802 2.638 2.373 1.518 1.102 0.661 0.247 0.03399
110 2.462 3.486 3.142 2.762 2.175 1.339 0.958 0.410 0.218 0.01414
115 — — — — — — — — — 0.0135
120 2.399 4.344 3.311 2.543 1.860 1.333 0.656 0.277 0.141 0.01846
125 — — — — — — — — — 0.04159
130 2.378 4.459 3.459 2.536 1.609 1.418 0.410 0.238 0.141 0.068
ICS 49.3 82.8 83.2 83.1 68.8 61.4 54.6 50.0 23.7 9.60

MTCS 38.0 62.6 53.1 44.4 354 30.3 16.5 10.7 4.70 1.70

3. Summary the cross sections with the representative figures are pre-
sented. For many of the molecules presented here, there is
only one measurement, or at best a few measurements, avail-
able. Therefore, further studies are still required in many
cases to make the cross section data more comprehensive
and, hopefully, more accurate in order to confirm the limited

data that are presently available.

Elastic differential, integral, and momentum transfer cross
sections for electron-polyatomic molecule collisions are
compiled and reviewed for 17 molecules relevant to plasma
processing. For each molecule, the recommended values of
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FiG. 29. Representative elastic differential cross sections for electron scat-
tering from Si,Hg (in units of 1071¢ cm?/sr).

FiG. 30. Recommended integral elastic cross sections and momentum trans-
fer cross sections for electron scattering from Si,Hg (in units of 107'¢ cm?).
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TABLE 22. Differential cross sections for elastic electron scattering (in units of 107! cm?/sr) and ICS and elastic MTCS, respectively (in units of 107'¢ cm?),
from GeHy. The estimated uncertainties on the DCS data is 15%—20%, while the uncertainties on the ICS and MTCS are in the range of 20%—-30%

Energy(eV)
Angle
(deg) 1.0 2.0 2.5 3.0 5.0 7.5 10 15 20 60 100
10 — — — — — — 28.21 32.22 20.04 16.95 —
20 1.835 3.655 4.47 6.991 15.81 17.49 19.24 20.11 19.20 3.536 2.063
30 0.9723 2.470 2.732 5.271 11.660 12.560 12.830 10.230 7.094 0.416 0.376
40 0.4523 1.629 2.088 4.056 8.195 8.734 7.117 4.206 2.227 0.253 0.281
45 — — — — — — — — — 0.239 0.230
50 0.2067 1.249 1.650 2.664 4.624 4.644 3.856 1.639 0.680 0.263 0.192
55 — — — — — — — — 0.235 0.235 0.191
60 0.3381 1.419 1.735 2.180 2.801 2.619 1.804 0.815 0.463 0.205 0.168
65 — — — — — — — — — 0.183 0.163
70 0.6484 1.863 2.052 2.175 2.110 1.705 1.050 0.724 0.461 0.142 0.121
75 — — — — — — — — — 0.113 0.0736
80 0.9420 2.475 2.636 2.369 1.989 1.379 1.077 0.630 0.416 0.0871 0.0449
85 — — — — — — — — — 0.0603 0.0234
90 0.9632 2.612 2.573 2.820 1.773 1.439 1.129 0.597 0.293 0.0505 0.0216
95 — — — — — — — — — 0.0354 0.0297
100 0.9854 2.507 2.338 2.314 1.894 1.547 1.079 0.491 0.19 0.0267 0.0625
105 — — — — — — — — — 0.0325 0.0956
110 0.6952 1.835 1.859 1.835 1.716 1.519 1.019 0.376 0.139 0.0368 0.113
115 — — — — — — — — — 0.0479 0.144
120 0.4742 1.359 1.487 1.442 1.341 1.369 0.848 0.311 0.125 0.0528 0.116
125 — — — — — — — — — 0.0509 0.106
130 0.3256 1.222 1.422 1.431 1.387 1.176 0.679 0.244 0.14 0.0438 0.0965
ICS 8.40 26.45 28.76 34.07 45.48 43.40 39.42 30.14 23.63 7.47 6.36
MTCS 7.11 26.03 27.31 27.67 26.87 21.72 18.54 11.48 6.52 1.44 1.60
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