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Introduction 

 
Glass surface plays important role in nowadays techno-

logical practice concerning, for example, automotive and 
structural glass manufacturing, hard disk manufacturing1 and 
applications in the field of microbiology. In the mentioned 
applications sufficient cleanliness of the glass surface is re-
quested. At ambient conditions the glass surface is contami-
nated by adsorbed hydrocarbons and, for example, dust parti-
cles2,3. Such a contamination may result, for example, in 
lesser adhesion between bulk glass and the material bonded to 
it. This can result in delamination of various functional films 
created on the glass surface. Therefore it is important to en-
sure certain level of glass surface cleanliness according to 
specifications of the corresponding technological process. 
There are several cleaning methods available: dust particles 
can be blown, rubbed or washed away, for example by soni-
cating in organic solvents as acetone and various alcohols3. 
To remove organic contamination various wet cleaning proce-
dures can be chosen, UV and ozone cleaning3 and heating of 
the glass surface to high temperature4. Most often the wet 
cleaning procedures are used which comprise cleaning by the 
use of organic solvents and/or strong acids and bases5. How-
ever, large volumes of aggressive and toxic chemicals used in 
this case are disadvantageous2. Environmental, safety and 
economical issues promote new method of glass surface 
cleaning – the plasma cleaning6−8. Advantages of the plasma 
cleaning are the lower production of hazardous waste and the 
shorter treatment times. Results of the glass surface plasma 
cleaning are furthermore, to some extent, applicable in the 
area of silicon surface treatment due to the fact, that the glass 
surface and the native/thermal silicon oxide surfaces are prac-
tically the same2. In this paper results of plasma cleaning of 
glass surface by a novel type of barrier discharge, Diffuse 
Coplanar Surface Barrier Discharge (DCSBD), are presented. 
Treated glass surfaces were characterised by the means of 
contact angle measurements, AFM, SIMS and MALDI TOF 
MS analyses. 

 
 

Experimental part  
 
As the plasma source, the so called Diffuse Coplanar 

Surface Barrier Discharge (DCSBD) was used. This type of 
discharge produces a thin layer (~0.5 mm) of atmospheric-
pressure non-equilibrium plasma even in strongly electro-
negative gases (e.g. pure oxygen) without any admixture of 
helium9,10. The plasma layer is produced on the surface of flat 
alumina slab, which serves as the dielectric barrier in the 
DCSBD electrode system. Samples to be treated are attached 
on a movable sample holder, which moves them over the 
surface of the alumina slab during the treatment to ensure 
homogeneity of the treatment (Fig. 1). The distance between 
the surface of the sample and the surface of the slab was set to 
0.3 mm. The whole setup is installed in a plexiglass reactor 
which allows to perform the treatments in various working 
gas mixtures. 

Contact angle measurements were carried out on See 
System surface energy evaluation system (Advex Instruments 
s. r. o., Czech republic). Distilled water was used as the meas-
uring liquid. Microscope slides with dimensions 76 × 26 mm 
were used as the glass substrates. They were pre-cleaned by 
sonicating for 5 min in acetone prior to the plasma treatment. 
The treatment has been carried out in three various working 
gases – ambient air, pure nitrogen and pure oxygen – at the 
discharge power of 300 W, at various treatment times. To 
investigate the ageing effect of the surface treatment, air 
plasma treated samples (355 W, treatment time 3 s, samples 
weren’t moved during the treatment) were stored under ambi-
ent conditions and the water contact angle has been periodi-
cally measured. 

In order to get the information about the surface con-
tamination changes, SIMS and MALDI TOF MS analyses 
have been carried out on the treated substrates. SIMS analysis 
was carried out on TOF SIMS IV setup (ION-TOF, Ger-
many). The samples with dimensions 1 × 1 cm were cut from 
microscope slides. The analysis was carried out on as-
received samples, samples sonicated for 5 min in acetone and 
samples sonicated for 5 min in acetone and subsequently air 
plasma treated at 290 W discharge power for 5 s. The parame-
ters of the SIMS analysis were as follows: static SIMS; pri-
mary ions: Ga; mode: Hc-bunched; primary ion dose density: 
5⋅1012 cm−2; analysed area: 200 × 200 mm2. 

MALDI TOF MS analysis was carried out on AXIMA – 
CFR setup (Kratos Analytical, UK). Microscope cover slides 
with dimensions 15 × 15 mm were used as the samples. The 
samples were sonicated for 5 min in acetone and subsequently 
dried out by a stream of air at ambient temperature. Plasma 
treated sample was subsequently treated for 30 s by DCSBD 

Fig. 1. The sample treatment scheme 
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plasma generated in ambient air at the discharge power of 
524 W. The parameters of the MALDI TOF MS analysis were 
as follows: nitrogen laser with λ= 337 nm was used; laser 
power: 170; mode: linear, positive; matrix: 3-hydroxy-
picolinic acid (OHP). 

In order to analyse topographical changes in the plasma 
treated glass surfaces, AFM measurements using Solver P47-
PRO setup (NT-MDT Co., Russia) have been carried out. The 
samples with dimensions 1 × 1 cm were cut from microscope 
slides. They were subsequently sonicated for 12 min in ace-
tone, 12 min in isopropylalcohol and 12 min in distilled water 
and finally dried off by the stream of pure nitrogen. The 
plasma treatment was done at the discharge power of 390 W 
in ambient air, at various treatment times. Overall topography 
and the RMS roughness were investigated. 

 
 

Results and discussion 
 
In Fig. 2 results of the contact angle measurements are 

shown. From the figure it is clear it was possible to make the 
samples hydrophilic, even at the 1 s treatment time. Gener-
ally, the contact angle values decrease with increasing treat-
ment time. The increase in the wettability of the plasma 
treated glass surfaces is, probably, due to the removing of the 
organic contamination from these surfaces. The better per-
formance of the ambient air plasma could be a combination of 
the above mentioned process and a possible increase in the 
surface hydroxyl –OH groups density, which are responsible 
for the hydrophilic properties of the glass surface11, due to the 
presence of water vapour in the working gas8. 

The energy consumption to achieve such a result was 
estimated to ~ 5⋅103 W s m−2 of the glass activated; compared 
to the performance of the so called plasma jet systems with 
energy consumption estimated12 to ~ 5⋅105 W s m−2 there is 
two-order difference in the energy consumption in favor of 
the DCSBD system. 

In Fig. 3 the ageing effect of the air plasma treatment is 

shown. It is clear, that values of the contact angles increase 
with the increasing storage time, which could be subscribed to 
the deposition of organic contamination on the glass surface 
from the surrounding ambient. 

The SIMS analysis of air plasma treated glass surfaces 
showed overall decrease of organic surface contamination, 
which is indicated by the increase of the intensity of the Si+ 
peak, as the basic substance of the glass, and decrease of the 
peaks of organic fragments 413u+, 441u+, 763u+, 255u−, 283u− 
and 405u− (Tab. I). On the other hand, however, increase in 
the intensity of the peaks 149u+, 430u− and 446u− was de-
tected, probably due to the polymerization of shorter organic 
fragments (Tab. I). Generally, washing of the samples with 
acetone greatly reduced the overall contamination of the sur-
faces, while subsequent plasma treatment led to further reduc-
tion of the contamination, which is in good agreement with 
the results of the contact angle measurements. 

Sample Ionic specie 
Si+ 149u+ 413u+ 441u+ 763u+ 

as-received 1278935 20648 12765 1033 − 
acetone 
washed 2612296 85859 1725 183 58 

plasma 
treated 3041832 254390 355 − 25 

    

Sample Ionic specie 
255u− 283u− 405u− 430u− 446u− 

as-received 23586 4944 426 − 141 
acetone 
washed 2229 596 71 − − 

plasma 
treated 188 365 − 561 403 

Fig. 2. Contact angle measurements on glass samples treated by 
the plasma generated at the discharge power of 300 W in various 
working gases: ● – ambient air, ○ – pure nitrogen, ■ – pure oxygen 
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Fig. 3. Ageing effect of the air plasma surface treatment. Treat-
ment time 3 s, discharge power 355 W, stored under ambient condi-
tions 

Table I 
Intensity values (in cts) of ionic peaks measured by SIMS 
(u denotes atomic mass unit) 
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Results of the MALDI TOF MS analysis are shown in 
Fig. 4. From the figure it is clear, that air plasma treatment led 
to the decrease of the organic contamination on the glass sur-
face, as indicated by the 13-fold decrease in the amplitude of 
the signal for the plasma treated sample in comparison with 
the untreated sample (note the spectrum for the plasma treated 
sample has been shifted for better clarity, i.e. it’s zero was set 
over 200 000 in the figure). This result is again in good agree-
ment with the results of the contact angle measurements and 
the SIMS analysis. 

In Tab. II are listed the results of the RMS surface 
roughness AFM measurements conducted on the plasma 
treated glass surfaces. From the data it is clear, that a distinct 
change in the RMS roughness appears at the treatment times 
longer than 20 s. As for the hydrophilic surface treatment of 
glass the treatment times less than 5 s are sufficient (Fig. 2), 
the changes in surface roughness play no role in this case. In 
Fig. 5 are depicted the AFM images of the glass surface un-
treated, plasma treated for 20 s and plasma treated for 60 s. 

 
 
Conclusions 

 
A novel type of barrier discharge, the so called Diffuse 

Coplanar Surface Barrier Discharge (DCSBD), was used for 
the surface treatment of glass. Even short treatment times, on 

the order of seconds, were sufficient to make treated glass 
surfaces hydrophilic. By the means of the SIMS and MALDI 
TOF MS analyses it was shown, that the removing of the 
organic contamination from the treated surfaces by the action 
of DCSBD plasma plays important role in the improvement of 
the wettability of the glass surface. The AFM measurements 
showed no significant changes in the surface roughness of the 
glass substrates treated by the plasma at the treatment times of 
20 s and less. The energy consumption of the DCSBD system 

  Treatment time [s] 
0 2 5 10 20 60 

RMS 
rough-
ness 
[nm] 

1.065 0.796 1.729 0.809 1.13 11.63 

Fig. 5. AFM images of the air plasma treated glass surfaces. The 
discharge power was 390 W, the treatment time was: a) 0 s, b) 20 s 
and c) 60 s 

Fig. 4. MALDI TOF MS spectra acquired on untreated (black 
one) and plasma treated (ambient air, 30 s treatment time, 524 W 
discharge power − red one) glass surfaces. Note the spectrum for the 
plasma treated surface has been shifted for better clarity 

Table II 
RMS roughnesses of the plasma treated glass surfaces 

a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c 
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was estimated to ~ 5⋅103 W s m−2 of the glass activated, which 
is 2 order less than the energy consumption of the competing 
plasma jet systems. 
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