
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Electronic excitation to low-lying states of GeF4
molecule by electron impact: A comparative study
with CF4 and SiF4 molecules

To cite this article: S Ohtomi et al 2015 J. Phys.: Conf. Ser. 635 072041

 

View the article online for updates and enhancements.

Related content
High Crystallinity Poly-SixGe1-x at 450° C
on Amorphous Substrates
Kunihiro Shiota, Daisuke Inoue, Koichiro
Minami et al.

-

The Band Spectrum of GeF
E B Andrews and R F Barrow

-

Properties of SiGe Films Fabricated by
Reactive Thermal Chemical Vapor
Deposition Using Lamp Heating
Masatoshi Wakagi, Isao Suzumura, Akiko
Kagatsume et al.

-

This content was downloaded from IP address 193.136.124.152 on 04/05/2018 at 19:39

https://doi.org/10.1088/1742-6596/635/7/072041
http://iopscience.iop.org/article/10.1143/JJAP.36.L989
http://iopscience.iop.org/article/10.1143/JJAP.36.L989
http://iopscience.iop.org/article/10.1143/JJAP.36.L989
http://iopscience.iop.org/article/10.1143/JJAP.36.L989
http://iopscience.iop.org/article/10.1143/JJAP.36.L989
http://iopscience.iop.org/article/10.1088/0370-1298/63/3/301
http://iopscience.iop.org/article/10.1143/JJAP.49.04DH11
http://iopscience.iop.org/article/10.1143/JJAP.49.04DH11
http://iopscience.iop.org/article/10.1143/JJAP.49.04DH11


Electronic excitation to low-lying states of GeF4 molecule by electron impact:  

A comparative study with CF4 and SiF4 molecules 

S. Ohtomi*, M. Matsui*, Y. Mochizuki*, A. Suga*, H. Kato*, M. Hoshino*
1
, D. Duflot†,

P. Limão-Vieira‡ and H. Tanaka* 
* 

Department of Physics, Sophia University, Tokyo 102-8554, Japan 

†Laboratoire de Physique des Lasers, Atomes et Mole ́cules (PhLAM), UMR CNRS 8523, Universite ́de 

Lille, F-59655 Villeneuve d’Ascq Cedex, France
‡
Laboratório de Colisões Atómicas e Moleculares, CEFITEC, Departamento de Física, FCT-Universidade 

Nova de Lisboa, Campus de Caparica, P-2829-516 Caparica, Portugal. 

Synopsis We report on the measurements of the electron impact electronic excitation cross sections for XF4 (X = 

C, Si and Ge) molecules at 100 eV, 5
o
 scattering angle and 30 eV, 30

o
 in the electron energy loss range 8.0 – 18 

eV. For a target of GeF4 molecule, the optically-forbidden behavior has been observed in the lower electron en-

ergy loss range.

     CF4 is one of the more commonly used etch-

ant gases for dry-etching process, where the 

fluorine atoms created in CF4/O2 mixing plasma 

discharged on silicon surfaces, form SiF4 mole-

cule. GeF4 molecule has been also used for the 

manufacturing of semiconductors. In spectro-

scopic studies, electron energy loss spectra 

(EELS) and photoabsorption cross sections of 

XF4 (X = C, Si and Ge) molecules were ob-

tained for understanding the optical diagnostics 

of chemical process in etching plasmas, e.g. refs 

[1, 2] and references therein. Recently, an an-

gle-resolved EELS study in CF4 has been re-

ported [3]. Our group have also carried out a 

series of experimental measurements to probed 

the scattering dynamics of low energy electron 

collisions with tetrahedral (Td) symmetry mole-

cules such as CF4 [4], SiF4 [5] and GeF4 [6]. In 

this work, we report on the measurements of the 

electron impact excitation cross sections for 

XF4 molecules at 100 eV, 5
o 

scattering angle

and 30 eV, 30
o
 by electron energy loss spectros-

copy in order to observe the contribution of the 

optically-forbidden transitions. 

The electron energy loss spectrometer used in 

this work has been described sufficiently in 

previous publication [7]. In brief, the spectrom-

eter is a crossed-beam type with a hemispheri-

cal monochromator and analyzer pumped dif-

ferentially and electron lens system controlled 

by computer-driven voltages. The setup was 

operated at impact energies from 1.5 to 300 eV 

and a scattering angle range from -6
o
 to 130

o
, 

with typical energy resolution of 40 – 45 meV 

(FWHM). The electron energy scale was cali-

brated against the 19.37 eV Feshbach resonance 

in He atom and the angular scale were deter-

mined from the symmetry in the intensity pro-

file of the He 2
1
P excitation measured at the 0

o
 

nominal scattering angle. The absolute scale of 

the excitation cross sections has been obtained 

by the relative flow technique with He elastic 

differential cross sections as the reference spe-

cies. 

Comparison between electron energy loss 

spectra of XF4 molecules at 100 eV incident 

energy, 5
o
 scattering angle and at 30 eV, 30

o
 

have shown clear differences. In the case of the 

GeF4 molecule, a shoulder structure is discerni-

ble and due to the optically-forbidden transition 

in the lower electron energy loss range than the 

lowest-lying optically-allowed transition, which 

have already assigned as 4* transition.  

Detailed discussion of the comparison among 

the electron energy loss spectra of XF4 mole-

cules and quantum chemical calculations, basi-

cally, EOM-CCSD method with aug-cc-pVQZ 

+ Rydberg basis set using MOLPRO code will 

be presented at the conference. 
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