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Surface relief grating of azobenzene polymer formed on a soda-lime-silica glass plate was treated by co-

rona discharge for the formation of a hologram on the glass plate. The Na concentration distribution near 
the glass surface was investigated using a time-of-flight secondary ion mass spectrometry (TOF-SIMS) 
depth analysis with buckminsterfullerene (C60) ion sputtering and an image processing. The periodical Na 
deficient region identical to the azobenzene grating pattern existed near the glass surface, which suggested 
that the Na ions below the grating groove preferentially migrated to the cathode side during the corona dis-
charge treatment. Generally, the refractive index of the Na poor region becomes lower than that of the pris-
tine soda-lime silica glass. Therefore, the origin of the hologram on the glass surface should be the 
three-dimensional distribution of refractive index at the glass surface. 

 

 

1. Introduction 

Formation of three-dimensional holograms inside 

glasses is a key technology for the next generation func-

tional glass products. Multi-photon processing using 

femtosecond laser [1] or visible radiation absorbents are 

required for the hologram recording owing to a high op-

tical transparency of glass. Recently, it was found that a 

surface-relief hologram of an azobenzene polymer film 

on a soda-lime-silica glass plate was recorded on the 

glass surface by the use of corona discharge process 

[2-6]. When the corona discharge treatment is conducted 

on the glass plate without the polymer film, sodium poor 

and proton rich layer is formed on the glass surface [7]. 

Therefore, in order to understand the mechanism of hol-

ogram formation on the glass with the polymer film, it is 

essential to investigate the cross-sectional or 

three-dimensional concentration distribution of sodium 

near the glass surface. 

Generally, precise depth profile of alkali metal ele-

ments, such as sodium, in insulators cannot be obtained 

by surface analysis with ion sputtering because the ele-

ments migrate from the sample surface to the inside dur-

ing sputtering process [8, 9]. The migration of the ele-

ments is induced by the formation of an electric field and 

the increase of the sample temperature. Recently, the 

precise depth profile of sodium in glass has been suc-

cessfully acquired by the use of buckminsterfullerene 

(C60) ion sputtering [10, 11]. Depth profile analysis by 

time-of-flight secondary ion mass spectrometry 

(ToF-SIMS) is usually performed in a dual beam mode 

alternately using a pulsed primary ion beam for analysis 

in the static regime and a continuous ion beam for sput-

tering. It has been confirmed that the sodium in SiO2 

glass does not migrate during both the analysis process 

with Bi primary ion beam and the sputtering process with 

C60 ion beam [11]. TOF-SIMS has superior spatial reso-

lution and can acquire an elemental mapping on surface. 

Therefore, cross-sectional and three-dimensional ele-

mental mapping is expected to be obtained by 

TOF-SIMS depth analysis with C60 ion sputtering and by 

image processing. In this study, to understand the mech-

anism of hologram formation by corona discharge, the 
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