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RECENT PROGRESS IN ABSOLUTE TOTAL CROSS
SECTION MEASUREMENTS FOR ELECTRON
SCATTERING FROM MOLECULAR TARGETS

IN LOW AND INTERMEDIATE ENERGY RANGE
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Recent absolute total cross section measurements for eleetron scaftering from mo-
lecular targets of plasma interest and molecular compounds of great importance in
manufacturing of electronic microcircuits: XY, (X = 8i, Ge; ¥ = H, F, CI}, XF, (X =
5, W), CoF,, SizH,; and CgY e (Y = H, F) are reviewed,

Introduction

Electron scattering on atoms and mole-
cules is an important tool in investigation of
interaction of electrons with matter. Absolute
total cross section (TCS) for electron colli-
sions with atom and molecules contains in-
formation of all possible (elastic and inelas-
tic) processes which occur in collision phe-
nomena and thus is valuable and wuseful
quantity which may be used in atomic and
molecular physics, low temperature plasma,
astrophysics and etc. Moreover experimental
absolute TCS obtained with high accuracy
serve as a quantitative test for different theo-
retical approaches to scattering processes.

XY, (X=C, 8i,Ge; Y =H, F, CI)

The first experimental measurements of
absolute TCS for & - SiHy collisions were
performed by Wan et al. [1] in the low en-
ergy range (0.2-12 eV) and by Zecca et al.
(2] for high-impact energies (75-4000 V).
Normalized data were presented by Sueoka
et al. [3] for energies from 1 eV to 400 eV.
Eecently, Szmvtkowski et al. [4] reported
absolute TCS for impact energy range from
0.6 ¢V to 250 eV. All TCSs are in good
agreement with respect to shape.

-1

&
T

h@% SiH,
s

"
-~

Tatal cross section 107" m?)
H &
=
LX)
ste 4

i : { e ez,
'] 1z 00 opp apdi
Eleciron enargy [2v]

=
i

Fig |. Total cross section for electron scattering on
silane molecules: (=), [1]; (V), [2], (A), [3] (=), [4].
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Fig 2. Total cross section for electron scattering on
SiF. molecule: (A}, [1]; (=), [5]; (W), [3].



Uzhhorod University Scientific Herald. Series Plegsissue 8. Part 1. — 2000

TCS for electron collisions with SiF,
molecules were measured with trochoidal
spectrometer by Wan et al. [1] for energies
between 0.2 and 12 eV and in joined
Gdarisk-Trento transmission experiment [5]
for energies ranging from 0.6 eV up to 3500
eV. At about 1.5 ¢V Ramsauer minimum is
visible in TCS function. A broad maximum
of TCS is reached at 24 eV. Above 100 eV
TCS falls monotonically.

The first absolute TCS for electron SiCly
collisions was measured by Wan et al. [1] for
energies between 0.2 and 12 V. Mozejko et
al. [6] determined absolute TCS in two dis-
tinct transmission experiments for impact
energies ranging from 0.3 eV up to 4000 V.
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Fig 3. Total cross section for electron scattering on
SiCly molecule: (A), [1]: (=), [S] (W), [5].

The TCS function shows two very dis-
tinct resonant-like features: the strong peak
at 1.9 eV and much broader main maximum
centered near 10 ¢V with some additional
substructure close to 5 eV, The first structure
may be attributed to a short-lived resonant
state created when the incident electron is
captured into an unoccupied > orbital of the
SiCls molecule.

Absolute TCSs for electron collisions
with germane molecule were measured by
Karwasz [7] at intermediate and high impact
energies (75-4000 eV) and by Mozejko et al.
[8] for low and intermediate impact energies
(0,75-250 V). The main feature of TCS is the
maximum at 3.8 V. This structure is partly
attributable to the existence, between 3 and
4 eV, of a short-lived resonant state created
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by capture of an extra electron into the lowest
unoeceupied orbital of the molecule [8].
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Fig 4. Absolute total cross section for electron scat-
tering on GeH, malecule: (o), [8]; (¥}, [T].

Absolute measurements for GeF; and
GeCly molecules at electron impact energies
between (.5 eV and 250 eV were reported by
Szmytkowski et al. [9] and Szmytkowski et
al. [4], respectively. Below 3 eV the TCS
function for GeFs molecules is dominated by
a step rise towards low energies. At energies
above the minimum at 3 eV the TCS shows
another enhancement spanned up to about 70
eV on which some resonant-like features are
visible: the maximum centered near 6.5 ¢V
and two weak peaks at 16 and 25 eV, re-
spectively. TCS function for GeCly; mole-
cule is dominated by two distinct maxima:
the {irst is centered near 1.7 eV and the sec-
ond is located near 10 eV,

XFs (X =8, W)

The first absolute TCS for SFs molecule
were reported by Kennerly et al. [10] for im-
pact energies from 0.5 to 100 eV. TCS below
1 eV were measured by Ferch et al. [11], and
for energies between 0.25 and 25 ¢V by Ro-
manyuk et al. [12]. Intermediate energy TCS
(1-300 eV) was determined by Dababneh et
al. [13]. High energy data (75-4000 eV) was
measured with Ramsauer-type apparatus by
Zecca et al. [14]. Absolute TCS for impact
energies ranging from 0.5 eV to 250 ¢V was
measured using electrostatic electron spec-
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trometer by Kasperski et al. [15]. A number
of resonant structures visible from thermal
energies up to near 30 eV [11,12,15].
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Fig 5. Absolute total cross section for electron scat-
tering on GeCly and GeF, molecules: (), [4]; (o), [9].
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Fig 6. Total cross section for electron collisions with
SF; molecules: (+), [10]; (o), [11]; (0, [12]; (A, [I3];
(V). [14]; (), [15].

Absolute TCSs for WF; molecules were
measured with electrostatic electron spectro-
meter by Szmytkowski et al. [16] for energies
between 1 ¢V and 250 ¢V and by Karwasz ef
al. [17] with magnetic Ramsauer spectrometer
for energies form 75 eV up to 35300 eV. TCS
shows a prominent resonant-like peak centered
at 3 €V and a very broad enhancement in the
energy range from 20 eV o 70 eV,

C+F; and Siak;

The first, normalized, TCS for & - CasFy
collisions was obtained with time-of-flight
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lechnique, for energies ranging from (0.9 to
20 eV, by Sueoka ef al. [18). Sanabia er al.
[19] determined absolute TCS from near-
thermal energies to 20 eV with trochoidal
spectrometer. Absolute TCS for ecnergies
ranging from 0.5 eV to 250 eV was meas-
ured with electrostatic 127° electron spec-
trometer by Szmytkowski er al. [16].

s F T—————
¥
at b
WF
PR : v
gj T ."{'--"'-,- X
—af "y
5 - ".I r". i‘.:'"
2L
o Eo e
. }.“_"- Try
w

Bl B
= T -

5t. hi

1 hap =10y

Elactron energy |a']

Fig 7. Absolute total cross seetion for ¢lectron colli-
sions with WF, molecules: (&), [16]; (%), [17].

The cross section for CsFg has two reso-
nant structures at 5 and 9 eV and a very
broad hump ranging from 20 to 60 eV,
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Fig 8. Total cross section for eleciron collisions with
CaF ¢ molecules: (o), [18]; («A), [19]; (#), [16].

The first absolute TCS for electron scat-
tering on disilane (Si;Hg) molecules was
measured In a linear electron transmission
experiment for impact energies between 2
eV and 370 eV by Szmytkowski ef ai. [20].
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Fig 9. Absolute total cross section for electron scatier-
ing on SizH; molecules: (#), preliminary results [20].

CeYs (Y = H, F}

The first measurements of TCS for elec-
tron-benzene collisions were performed by
Holst and Holtsmark [21] at impact energies
between 0.5 and 25 eV. Normalized TCS
was determined by Sueoka [22]. Absolute
TCS was measured in electron-transmission
experiments by Mozejko et al. [23] for im-
pact energies between 0.6 eV and 3.5 keV.
The TCS for very low cnergies below 2 eV
was measured by Gulley et al. [24]. The gen-
eral character of all the TCS curves for ben-
zene molecule is similar. The most promi-
nent feature in the cross section is a broad
maximum centered near 8.5 eV which may
be in part due to short-lived resonances [23].
For energies above 10 eV, TCS decreases
monotonically with energy.
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Fig 10, Total cross section for electron collisions with
benzene molecules: (=), [21]; (o), [221; (), [23]; ('F),
[23]; (), [24].
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Fig I1. Absolute total cross section for electron colli-
sions with CzF; molecules: (o), [15].

Absolute TCS for electron scattering on

hexafluorobenzene was measured for ener-
gies between 0.6 eV and 250 eV by Kasper-
ski et al. [15]. TCS exhibits a very broad
peak stretching from 10 to 100 eV with some
weak features near 9.5 and 15 eV. Both fea-
tures are attributable to resonant capture of
an impinging electron in the field of an ex-
cited electronic state with formation of a
temporary core-excited negative ion state,
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[IpoBonMTsCA OFMAL HOBHX BHMIpOBAHE AGCOMIOTHHX MMOBHHX Depepisis pis
po3CIOBAHHA GREKTPOHIB HA MONSKYIAPHHX MILUSHAX, WIKABHX 3 [OTMALY QisHeH
IL.'IHSMH, Ta &!GHDK}"JT.‘I’[PH}LX l.’.‘,]EI:J-JT'_'_-I":I{EH{j BAMUIHBHY JLIA BHFH.‘IEETHLI,‘E'H& EHEB.‘I]}DF!'E!HK
mikpoexem XY,y (X = 5L, Ge; Y = H, F, CI), XF; (X = 5, W), CoF;, SiH; i Ci¥e (Y =

=H, F).
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