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Utilizando a geometria de feixes cruzados foram obtidos espectros de perda de energia de
elétrons (EELS) para Ar, N2 e Si(CH3)4 (TMS) a 1 keV e dngulos de espalhamento de 2° a 5°.
Os espectros observados foram convertidos em espectros de fotoabsorgdo utilizando o Teorema
do Limite de acordo com o qual, 4 medida em que a transferéncia do momento aproxima-se de
zero, a forga do Oscilador Generalizado (FOG) tende 4 forga do Oscilador Otico (FOO). As
secdes de choque de fotoabsorgdo medidas por este método sfo relativas e foram posteriormente
convertidas a valores absolutos pela normalizagdo a um valor previamente medido num certo
comprimento de onda.

Foram obtidas se¢&es de choque para Ar, N2 na regifio <10 eV (130 nm) a 50 ¢V (15 nm) >
e comparadas com dados previamente publicados. A concordincia no caso do Ar é excelente
e no caso do N satisfatoria. Os valores destas se¢des de choque encontram-se dentro dos limites
do erro experimental. Os resultados apresentados servem para mostrar que a técnica de EELS
¢ apropriada para obtengéo de se¢es de choque de fotoabsor¢do. Para TMS medidas prévias
nio sdo prontamente disponiveis. Portanto a normalizagdo foi feita utilizando-se resultados de
uma teoria. Os valores normalizados da sec¢fio de choque de fotoabsorgdo entre 4 ¢V (300 nm)
e 100 eV (12,5 nm) sdo apresentados numa forma tabular.

Utilizing a crossed electron beam-molecular beam collision geometry we have generated
electron energy loss spectra (EELS) for Ar, N2 and Si(CH3)4 (TMS) at 1 keV electron impact
energy and at scattering angles varying from 2° to 5°. These spectra are then converted to
photoabsorption spectra by employing the limit theorem, according to which, as the momentum
transfer approaches zero the generalized oscillator strength approaches the optical oscillator
strength. The photoabsorption cross sections measured by the present method are relative in
nature, and are converted to absolute values by normalization to some previously measured
value at one wavelength. Cross section values have been obtained for Ar and N2 in the
wavelength region between < 10 eV (130 nm) and 50 eV (15 nm) >, and are compared with
previously published data. The agreement in the case of Ar is excellent and for Nz it is
satisfactory. The cross section values are within the error limits of individual experiments.
Present results show that the technique of EELS is capable of yielding accurate values of
photoabsorption cross sections. Recently published results for TMS in the wavelength range
of 55 nm to 95 nm have been used to generate photoabsorption cross sections for the wavelength
region from about 12 nm to 206 nm.
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. Si(CH3)4 (TMS) is one of the candidate molecules for this
Introduction purpose. This motivated us to measure its photoabsorption
Recently there has been a great interest in the collision properties by utilizing the well known technique of energy
and photoabsorption properties of molecules employed in loss spectroscopy based on zero momentum transfer pio-
the deposition and etching of semiconducting materials. neered by Lassettre! and his co-workers. In order to check
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the reliability of results obtained by using our apparatus we
first measured photoabsorption cross sections of Ar and N
and compared them with previously published accurate
values. We then used the same apparatus under identical
conditions to obtain values of photoabsorption cross sec-
tions of TMS for the first time.

In section II the experimental apparatus and method of
data reduction are described, and the results are presented
in section III.

Experimental Details

Apparatus

The experimental apparatus has been described in our
previous publications by de Souza & Souza® and Souza et
al’. Here we will give a brief description. A schematic
diagram of the experimental arrangement is shown in Fig.
1. The present instrument employs crossed electron beam-
target beam collision geometry in which a monoenergetic
beam of electrons crosses a jet of target species at right
angles. The sample is introduced into the vacuum chamber
as a molecular beam formed by the expansion of the gas
through a hypodermic needle. The electron gun is a com-
mercial model which has been modified to allow for the
easy replacement of its hairpin tungsten filament. This is
necessary to facilitate work with corrosive gases. The elec-
tron beam can be continuously tuned from 500 to 1000 eV.
The electron current is typically 50 pA with full width at
half maximum (FWHM) of about 0.5 V. The electron gun
can be rotated from - 60 to + 60 degrees in steps of 1°. The
zero degree angle is determined experimentally by record-
ing spectra on both positive and negative sides. After colli-
sion, the scattered electrons are energy selected by the use of
aMbllenstedt velocity analyzer or a Wien Filter’. For the data
presented here only the Mollenstedt analyzer was used.

At the entrance of the analyzer a system of apertures,
typically 50 and 200 pm in diameter, is used in order to
reduce the background due to backscattered electrons, as
well as to avoid any contribution to this background from
the primary beam. With this experimental arrangement, the
viewing angle of the Mdllenstedt analyzer is 0.57 degrees.
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Figure 1. Schematic of the electron energy loss spectrometer.
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Figure 2 shows details on the solid angle subtended by the
analyzer®. As is clear from the figure the solid angle AQ is
given by n(sin 0)%. For 8 = 0.57° subtended by the analyzer
at the scattering center, AQ =3.11 x 10™ sr.

After scattering, the energy selected electrons are de-
tected by a spiraltron which gives rise to an electrical pulse
for each detected electron. These pulses are then counted
by conventional pulse counting electronics consisting of a
pre-amplifier and an amplifier-discriminator. The final
pulses are subsequently stored in a multichannel analyzer.

The local magnetic field in the collision region is reduced
from 250 mG to 5 mG by the use of three pairs of Helmholtz
coils. The electron gun, the gas nozzle and the detector are
housed inside a vacuum chamber. The base pressure of the
system is on the order of 10”7 Torr. This vacuum is achieved by
a 6" diffusion pump coupled with a mechanical pump. The
residual gas, as well as the sample purity, are controlled by the
use of a commercial mass spectrometer. All metal surfaces
inside the vacuum chamber are coated with colloidal graphite
in order to reduce the background due to secondary electrons.
The energy loss scale is calibrated by introducing helium which
has a well known transition at 21.22 eV. The procedure for
obtaining the electron energy loss spectra using the Méllenstedt
analyzer is as follows: first the energy of the incident electrons
is fixed to some value Eo (= 1 keV) and then the energy loss
spectrum (EELS) is recorded. This procedure is repeated many
times until a good signal to noise ratio is obtained. After
acquisition, the spectra are transferred to a micro-computer
(IBM-PC). The correction due to electrons scattered by the
background gas is made by subtracting the background
spectrum from the spectrum obtained by using crossed
beams collision geometry. The background spectrum is
acquired by the same experimental conditions, but with the
gas sample being introduced by a side flange far away from
the scattering center. One more experimental correction is
also introduced in data treatment and is related to the
Kollath’ correction. This corrects the transmission efficiency of
the Mollenstedt analyzer.

The experimental uncertainties in the relative intensity
measurements are estimated to be as follows: for our angu-
lar resolution (0.23°) the uncertainties are 20% for 0 < 4°

entrance aperture
of the analyzer

scattering
center

Figure 2. Solid angle subtended by the analyzer.
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and 15% for © > 4° respectively; statistical uncertainty is
3.5% (for about 2300 counts at the peak); pressure fluctua-
tion is = 0.5% ; primary beam fluctuation is 1%. Conse-
quently, the estimated overall uncertainty is § = 2\/ 8% =
15% for 6 < 4° and 5% for 6 > 4°,

The method for generating photoabsorption cross sec-
tions, derived from EELS, is described in the following
section.

Method of data reduction

The electron energy loss spectrum provides intensities
I(E) of electrons at very small scattering angles (obtained
by the present experimental set-up close to 0 degree scat-
tering angle) relative to the direction of incident electrons.
Since I(E) is the continuum part of the spectrum, one can
define:

B do (B)
5= O 1)

where do(E)/dE can be defined as the density of cross
section®, E the energy lost by the incident electron, C; a
constant which depends on several factors®, and dQ the
solid angle subtended by the detector.

The generalized oscillator strength, f; ,is related to the
density of cross sections by the following relation!?:

dfy 1 (E)

d L Gar oD @
where, ao= 5,292 x 10”2 nm (Bohr’s radius), E is the energy
lossineV, Eq=27,21 eV, P} and P; are the initial and final
momenta of the scattered electrons and AP the vector
change in the momentum of the colliding electron.

It was shown by Lassettre et al.! that as AP — O the
GOS approaches the optical oscillator strength even if the
Bomn approximation does not hold. It means that our elec-
tron energy loss spectrum (EELS) can be converted into a
photoabsorption spectrum. Therefore, at sufficiently small

values of AP, one can write:

and
W =g ouD) @

where B = 1.098 x 1071¢ cm? eV and op(E) is the photoab-
sorption cross section.

In practice one measures the intensity dI(E)/dQ) of
scattered electrons over a finite angular region AQ and,
therefore, the density of a cross section can be defined by
the following relation:
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The integral in equation 5 depends on the apertures used
in the detector optics, and do/d<) varies within the angular
range represented by AQ.

It was shown by Huebner!! that equation 2, for a narrow
circular aperture (presently used AQ = 3.11 x 10 sr) and at
high energies Eo (E/Fo = 0.2) fopt , can be written as:

%’Eﬂ‘ o [ERS I+ 47T % —AZ;E)
Y = (E 2Ep)1~E /R)"! for constant Eo

(6)

where 8 is the acceptance angle of the detector in radians,
E is the energy loss in eV, Ep the energy of the incident
electron in €V, and R a factor which converts energy units
to Rydbergs (13.6 eV).

Combining equations 1, 4, and 6, one can write the
following equatlon

cfp(f“J)OL(R) 6[in(1+(= )2) r Q)

The results presented in thls paper were obtained by
using eq. 7. A computer program was written which con-
verted the measured scattered intensity of electrons into
op(E) as a function of energy loss. However, the constant
of proportionality needed in eq. 7 is not always easy to
evaluate. Therefore, the values of op(E) are relative and
have to be normalized to some previously known value of
op(E) at at least one photon energy E.

1 AI(E)

Results and Discussion

A typical electron energy loss spectrum for argon is
shown in Fig. 3. Similar spectra were obtained for N> and
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Figure 3. Electron energy loss spectrum of argon, at 1 keV.
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Si(CHs)4. They were then converted to photoabsorption
spectra by the method described in the previous section.
They are shown in Figs. 4, 5 and 6. In the following, we
present discussions on each species.

Argon

Utilizing different techniques, argon has been studied by
several researchers in the past. Among them are Rustgi'?
(1963) in the wavelength region of 240 to 780 A, Samson'>
and Cairns'* (1964) in the wavelength region of 250 to 799
A, Caims and Samson' (1965) in the wavelength region of
303 to 799 A, Starr and Leowenstein'> (1972) at 584 A, and
Brolley et al.'® (1973) at 584 A. A high resolution study (AA
= 0.5 A) was performed by Carlson et al.!” (which showed
structure in the cross section data between 400 A and 500 A).
Due to poor resolution of the present technique this structure
is not seen in our data. Their results are not presented here, but
are in excellent agreement with the values of Samson. It is
clear from Fig. 4, that the various results agree very well with
each other. Therefore, we chose ionization cross section of Ar
at 21.22 eV (584 A) measured by Samson to normalize the
present relative values of cross sections. Our results, although
normalized at one wavelength, are in excellent agreement
with Samson’s values over the entire wavelength range co-
vered by the present experiment. This shows that the present
technique and method is capable of providing reliable cross
section values.

Table 1 presents the numerical values of cross sections
as a function of photon energy in the photon energy range
from 10 to 50 eV.

Nitrogen

Although several investigators have measured N since
the very first work by Hopfield'® (1930), there are large
discrepancies in published values. Just to cite a few, the
photoabsorption cross section for this molecule has been
measured by Weissler et al.'® (1952) in the wavelength
region between 300 and 1300 A, Curtis® (1954) measured
in the wavelength region between 150 and 1000 A, Watana-
be and Marmo?! (1956) from 850 to 1500 A, Huffman et
al® (1963) from 580 to 1000 A, Cook and Metzger®
(1964) measured from 600 to 1000 A, Samson and Cairns*
(1964) from 303 to 1037 A, and again®® in 1965 from 200
to 550 A, Starr and Leowenstein!® (1972) and Brolley et
al.'® (1973) measured them at the wavelength of 584 A. In
1976, Starr?® performed a series of measurements for dif-
ferent gases, including N> at wavelengths of 1302, 1304,
1306 A. In a recent paper, Samson et al.?’ (1987) extended
their measurements over the wavelength region from 660
to 796 A. For the sake of comparison we have chosen a few
of them and present them in Fig. 5 along with our results.
The present values of relative cross sections were normal-
ized to the results of Samson and Cairns® at a photon
energy of 21.22 eV (586 A). Within the error limits of the
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Figure 4. Photoabsorption cross sections of argon in the energy range
of 10 to 50 eV.

Table 1. Normalized values of photoabsorption cross sections for
argon as a function of photon energy in the energy range of 10 to 50
eV.

Photon Energy, eV o(x 10"% cm?)

10 0

12 29.56
14 18.08
16 29.56
18 34.08
20 35.82
22 36.52
24 35.99
26 32.86
28 28.17
30 22.78
32 17.21
34 12.52
36 8.17
38 5.56
40 3.99
45 1.56
50 0.69
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Table 2. Normalized values of photoabsorption cross sections for

nitrogen as a function of photon energy in the energy range of 10 to
50eV.

Photon Energy, eV o(x 1018 cm? )

10 0.34
12 0.29
14 16.80
16 3.86
18 433
20 4.12
22 391
24 4.03
26 4.28
28 4.07
30 4.12
32 4.03
34 3.82
36 3.40
38 3.02
40 2.77
45 2.39
50 1.85
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Figure 5. Photoabsorption cross sections of nitrogen in the energy
range of 10 to 100 eV.
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present experiment the agreement is satisfactory. Table 2
presents our normalized cross sections.

Examination of published values of photoabsorption
cross section data reveals large disagreements, and the
catalogued values differ by orders of magnitude. This lack
of agreement can be mainly attributed to insufficient wave-
length resolution in many experimental techniques, espe-
cially in the region exhibiting structure. In the continuum
region, after the first ionization potential (15.58 eV), the
photoabsorption cross section varies slowly with the wave-
length in such a way that the measurements will not differ
very much if they are made by the use of a continuum
source. Measurements of cross sections should be nearly
independent of bandwidth and would be expected to show
good agreement. On the other hand, if absorption is in a
region in which the cross section varies rapidly with the
wavelength, large discrepancies are to be expected whether
a continuum or a line source is used. This effect is due to
the fact that the radiation absorption is likely to be depend-
ent on the distribution of radiation within the line source or
the bandwidth of the monochromator, if a continuum
source is used. Studies were made?® of the effect of the
instrumental bandwidth on the measured absorption cross
section and line shapes in the ultraviolet. In the case of N,
the above factors should be taken into account when com-
paring data obtained by different methods.

Tetramethylsilane

This molecule has been previously studied by Sodhi ez
al.®® who also employed the same EELS technique as the
present one. However, their resolution was better than ours.
Therefore, they observed structure in their spectrum ob-
tained at 3 keV incident electron energy and a zero degree
scattering angle. However, recent photoabsorption cross
section®® measurements in the wavelength region between
55 nm and 95 nm with the same wavelength resolution as
that of Sodhi et al. did not show any such structure.

We normalized our relative values of cross sections
with the cross section value of reference 30 at 65 nm. The
resulting cross sections for wavelengths between about 12
nm and 206 nm are shown in Fig. 6. As it is clear from this
figure, between 55 A and 75 A the agreement in the shapes
of the two curves is excellent. However, at longer wave-
lengths the two results differ considerably from each other.
We suspect that at longer wavelengths the conversion of
photon energy into wavelength is quite sensitive to small
errors in the measurement of energy loss which is equal to
the photon energy. In addition, at longer wavelengths the
intensity varies very rapidly. Therefore, small errors in
the energy loss can result in large errors in the intensity
of scattered electrons. We are confident that the results
presented are accurate at shorter wavelength to within
20%. They are tabulated in Table 3. In this table we have
expressed cross section values to the second decimal
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place, which appears to be unreasonable since our quoted
WAVELENGTH {nm) . .
w0 s 40 3% 2 15 accuracy is only 20%. The presented values are obtained
I ' ‘ ) by digitizing the smooth curve of Fig. 6. Our previous
experience with modellers has been that they prefer the
tabulated data in the present form in order to incorporate it
PHOTOABSORPTION CROSS  SECTIONS into theircomputer codes.

oF SX(CHJ)‘

Conclusions

em?)

»
- 150

{x10”

We conclude that the technique of EELS can generate
photoabsorption data in a large wavelength range without the
need of expensive photoabsorption data. However, the reso-
lution is poor and at longer wavelengths many details can be
missed. For the first time we have generated photoabsorption
cross sections for TMS for an extended range of wavelengths.
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