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The X-ray photoelectron spectrometry (XPS) was used to study the fused silica surface implanted by fluorine (E=100 keV, F=3x1017 cm2). The 
study revealed three kinds of centres associated with the implanted atoms. Two of them have similar chemical nature: there fluorine forms octahedra 
(SiF6

-2) and tetrahedra (SiF4); the third kind of centres basically differs from the first two as, they are not bound with the silicate matrix. 
 

Introduction 
The purpose of this investigation is to obtain the 

information on chemical state of fluorine atoms in fused silica 
after their ion-beam modification. 

The XPS spectroscopy method is used in the study. 
This method allows for registration of the «chemical shift» 
values, i.e. electron binding energy change that correlates 
with the effective charge connected with atom. This binding 
energy varies depending of the atom environment.  

The XPS spectrum carry information about the 
layer of investigated glasses with thickness ≈50A. For 
study more deep layers was used ion beam etching 
(Ar+, E=2keV, t=5min).  

 
Experiment  

The object of study is a flat-parallel polished quartz glass 
plates implanted by single charged fluorine ions. 
Implantation conditions are as follows: ions energy E - 100 
keV, ions fluence F=3x1017 cm2, current density j< 1 μA cm-

2, temperature  18 °C. 
XPS spectra are obtained by means of  PHI-5400 

Perkin-Elmer type electronic spectroscope both with and 
without etching by Ar+ ions (E=2 keV, t=5 min). Measurement 
error of binding energy is equal to 0.1 eV. Intensity 
determination accuracy is equal to 10%. 

Due to charging of samples under the study the Si2p line 
with Eb= 103.4 eV (Eb – binding energy) was chosen as an 
internal standard for the quartz [1].  

 
Results and discussion  

A large amount of carbon was revealed in the XPS 
spectrum of the fused silica implanted by fluorine (Fig. 1). Its 
element composition on the surface was found to be the 
following (in at. %): С - 55 %, 0 - 26.8 %; Si -17.4 %, F – 
0.8%. After 5 – minute etching by argon the composition of 
the subsurface layer was changed to: С - 12.4 %; 0 - 52.8 %, 
Si - 32.4 %, F - 2.4 %. 

 
Fig. 1 The reviewed XPS spectra for F+ implanted fused silica 
(E=100KeV, F=3•1017 cm-1) 

Therefore, as appeared, the samples are contaminated 
with carbon not only during the implantation but in the 
glassforming process also. 

There was revealed that after etching by argon the 
carbon peak shifts toward the low energies by 0.5 eV, and its 
halfwidth increases by two times. The peak intensity drops 
sharply -approximately by six times. Carbon is present in the 
glass both in the pure form and in compounds aid is a 
disturbing factor accompanying the ion-beam modification of 
glasses. Availability of carbon in implanted samples is 
confirmed by the RBS method. 

The fluorine concentration in investigated samples is 
low, but during the appropriate time it is possible to reach 
such a signal/noise ratio that the XPS spectrum can be 
expanded in different components. 

Because the F1S line is not very convenient for the 
valent state determination the Auger-line FKLL spectrum 
induced by X-ray irradiation was measured. The sum of 
binding energy (Еb) of F1S line and kinetic energy (Ek) of the 
FKLL line composes the so called Auger parameter (α):  

α = Eb(F1S)+Ek(FKLL) 
The values of α along with Еb line values significantly 

simplify the interpretation of obtained data on valent states of 
the element. 

The F1S line can be expanded in 3 components, and 
FKLL Auger-line - in 2 components. Their characteristics are 
given in Table 1. It is easy to observe that FKLL Auger-line is 
expanded in 2 components with approximately equal 
intensities. There is also a third energy component (685.5 
eV) in the F1S spectrum. 

 
Table 1 — The characteristics of components of the F1S line and 
Auger line FKLL 

Line Eb, eV Halfwidth, eV Area in % of total peak 
area 

F1S 685.5 1.0 15.7 
 686.6 1.2 36.2 
    
 687.6 1.6 48.1 

FKLL 655.2* 1.6 43.7 
 654.0* 1.7 56.3 

*- kinetic  energy 
 
Basing on the analysis of the XPS spectra of the fluorine 

implanted quartz glasses we can suggest that three kinds of 
centres associated with the implanted atoms appear, at the 
same time the two of them have the similar chemical nature. 
The relative proximity of component intensities in the FKLL 
line expansion implies that the peak with Ek=654.0 eV 
corresponds to both two fluorine states: one with Eb=685.5 
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eV and the other with E=686.6 eV. 
The Anger parameters values α are given in Table 2. 
 

Table 2 — The Auger parameter values 

         Table 3 contains the Еb values of F1S line and α for a 
series of related compounds. The data cited is borrowed 
from [1]. 

 
Table 3 — The Еb values of the F1S line and α for a series of related 
compounds 

Compound Eb, eV α, eV 
NaBF4 686.8  1339,8 
C4F 687.2 1343.9 
CF 689,2 1342.3 

Na 3 AlF6 685.3 1339,6 
CoSiF6 685.8 1340.3 
KSbF6 686.4 1339.5 

 
It is reasonable to suggest that the fluorine implantation 

into the quartz glass results in emerging at least three kinds 
of centres: 
1. Еb (F1S)=687.6 eV, α=1342.8 eV. The values are close 
to the relevant characteristics of "fluorinized” graphite C4F 
and CF. This is obliged to "defective” fluorine atoms not 
bound chemically, in a usual meaning of this word, with a 
silicate matrix. 
2. Еb (F1S)=685.5 eV, α=1339.5 eV. The values are close 
to the relevant values of compounds of the types Na2SiF6, 
CoSiF6, Na3AIF6. Thus, it is possible to conclude that the 
centres in which fluorine creates SiF6

-2 octahedra are the 
second type centres formed by the implanted fluorine in 
quartz glass. 
3. Еb (F1S)=686.6 eV, α = 1340.6 eV. For this case the 
NaBF4 is appropriate. Apparently, it is a matter of centres in 
which fluorine forms tetrahedra SiF4 or these are the 
octahedron-like positions around silicon with the fluorine 
atoms deficiency to 6. 

The centres of the types 2 and 3 have the similar 
chemical nature and are basically different from the centres 
of the type 1. 

Due to low fluorine concentration in the sample it is not 
possible to extract the corresponding states from the Si2P 
XPS spectrum. Displacement of the Si2P and O1S peaks 
occurs toward the greater energies of binding (Fig. 2-3) that 
point out at availability of chemical interaction of the 
introduced F atoms with atoms of target glass, i.e. with Si 
and O. After Ar+ etching of the implanted sample the atomic 
concentrations of Si and О increase almost twice in 

comparison with correspondent values at the glass surface 
and the fluorine (F1S) peak shifts almost by 1 eV toward the 
greater binding energies (Fig. 4). 

 

 
Fig.  2. XPS spectra of Si2p  for F+-ions implanted fused    silica before 
(1) and after (2) ion beam etching (Ar+) 

 

 
Fig. 3. XPS spectra of O1s  for F+-ions implanted fused silica before (1) 
and after (2) ion beam etching (Ar+) 

 

Fig.  4. XPS spectra of F1s  for F+-ions implanted fused  silica before 
(1) and after (2) ion beam etching (Ar+) 

 
Conclusion  

Fluorine implantation into fused silica results in emerging 
three kinds of centres, two of which are bound chemically 
with the silicate matrix (SiF6

2- and SiF4). 
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