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Abstract—Smoothing of the nanometerscale asperities of a poly(methyl methacrylate) (PMMA) film using
vacuum ultraviolet (VUV) with the wavelength λ = 123.6 nm was studied. The exposure time and the residual
air pressure in a working chamber were varied during the process of VUV treatment. A nanostructured sur
face of PMMA film is used as a sample to be exposed. The nanostructured surface of the PMMA film was
obtained by treating the initially smooth spincoated film in oxygen radiofrequency plasma. The degree of
VUV exposure is estimated using changes in the morphology and roughness of the nanostructured surface,
which were determined by atomicforce microscopy (AFM). Recognition of morphological surface features
on the AFMimages and determination of main geometrical characteristics of these features are performed
by using virtual featureoriented scanning method. It is discovered by morphology and Fourier spectra that
the nanostructured surface of the PMMA film is partially ordered. The developed VUV smoothing procedure
can be used to treat the electronbeam, UV, and Xray sensitive PMMA resists, PMMA elements of micro
electromechanical systems, biomedical PMMA implants, as well as to certify nanotechnological equipment
incorporating UV radiation sources.
DOI: 10.1134/S1027451010010015

photostimulated modification of the polymer surface
in the nanometer range, test objects that are conve
nient in use and contain nanoscale features, are
required. A test object that is easily fabricated, mea
sured, and analyzed is proposed in this paper. It is a
PMMA surface nanostructured in oxygen radiofre
quency (RF) plasma.

INTRODUCTION
At present, poly(methyl methacrylate) (PMMA) is
widely used as electronbeam, UV, and Xray sensitive
resists in micro and nanoelectronics [1–3], a thermo
plastic material in nanoimprinting [4–7], a construc
tion material in microfluidic devices [4, 8–12] and
microelectromechanical systems (MEMS) [6, 13], and
a material for artificial organs in transplantology [14].
UV treatment at a low pressure of a working gas
makes it possible to directly change physicochemical
properties of the PMMA surface without changing the
properties of the polymer material in bulk and without
heating the polymer significantly [15, 16]. In particu
lar, by using UV treatment, film thickness and PMMA
surface roughness can be decreased in the nanometer
range. The minimum size of a nanoelement fabricated
by lithographic methods depends considerably on the
film thickness and the surface roughness of a PMMA
resist [1–4]. Roughness in the nanometer range affects
the performance of rubbing MEMS elements consid
erably and governs the biocompatible properties of
implant surfaces significantly [14]. Thus, the applica
tion of UV treatment methods changing the PMMA
surface roughness in the nanometer range is of great
practical interest today.
In addition, to estimate the operating characteris
tics of the technological equipment designed for a

EQUIPMENT, SAMPLES,
TREATMENT PROCESSES,
AND INVESTIGATION METHODS
VUV PMMA treatment was performed using the
laboratory polymer modification system PMS2. This
system was developed and produced in the Institute of
Physical Problems named after F. V. Lukin, the State
Scientific Center of Russian Federation. The func
tional scheme of the system is shown in Fig. 1.
Using krypton resonance lamps as UV radiation
sources enables us to produce cheap and compact
VUV treatment devices. Two KrR3 krypton lamps
(State Optical Institute) with the radiation wave
length λ = 123.6 nm and intensity of approximately
6.6 × 10–3 J cm–2 s–1 are used in the PMS2 system. The
exit windows of these lamps are made of MgF2, which
transmits radiation with the wavelength λ < 150 nm.
The distance between the krypton lamp and the sample
can be varied in the range of 0.5 to 5 mm. Because the
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Fig. 1. Simplified functional scheme of the UPM2 exper
imental system. LLT⎯lowtemperature trap, VG⎯vacuum
gauge, GFR⎯gas flowrate regulator. The distance
between the sample and the lamp ranges from 0.5 to 5 mm.

PMS2 system is designed to operate in a low vacuum
(the minimum pressure is 2 Pa), this distance deter
mines the efficiency of the VUV effect on a treated
polymer surface. The smaller the distance, the higher
the radiation intensity absorbed by the surface.
The PMS2 system makes it possible to treat two
sides of the polymer. After one side has been treated,
the samples are interchanged by rotating the holder
through 180° and the other side is then treated.
Because the radiation intensity of the krypton lamp
decreases with time, it is necessary to correct the expo
sure time periodically in order to provide a constant
dose of sample irradiation. For this purpose, the sam
ple holder is rotated through 90° at the command of a
computer; after that, the radiation intensity of the
lamp is measured by insensitive to visible light photo
cells having CuJ photocathodes and MgF2 detector
windows (State Optical Institute).
The object under study was a poly(methyl meth
acrylate) (–CH2–C(CH3)–COOCH3)n film depos
ited on the polished Si(100) surface (KDB10) by cen
trifuging (the speed of rotation was 1500 revolutions
per minute and the duration was 2 min). In our exper
iments we used PMMA having viscosityaverage
molecular weight equal to 7.7 × 104. The film thickness
was determined by using MII4 microinterferometer
(Leningrad OpticalMechanical Amalgamation) and
was approximately equal to 0.8 μm. The studies were
performed in a vacuum under residual pressures of 2
and 100 Pa. The samples were exposed to VUV radia
tion with durations of 0.5, 1, 2, 5, 10, and 20 min.
The photon energy of the KrR3 krypton lamp is
about 10 eV. This energy is sufficient to excite poly
mer molecules and break the chemical bonds C–C,
C–H, and C–O [15]. During photolysis, the following compounds are formed: methyl formate HCOOCH3, formalde

hyde CH2=O, methanol CH3–OH, methyl methacry
late (MMA) CH2=C(CH3)–COOCH3, and gaseous
products such as CO, CO 2, H2, H2O, and CH4 [15].
In addition, intermolecular linking occurs in film
under VUV irradiation [15]. Thus, the observed effect
of nanotopography smoothing under VUV irradiation
is a result of simultaneous action of the following pro
cesses: polymer photoetching, photostimulated oxi
dation, partial material redeposition, intermolecular
linking formation, and mechanical surface relaxation.
As shown below, the degree of smoothing mainly
depends on the treatment time for a fixed radiation
intensity and a residual air pressure in the working
chamber ranging from 2 to 100 Pa.
Since the initial PMMA film (Fig. 2a) has a suffi
ciently smooth surface without any noticeable topo
graphical features (the average roughness S = 1.1 nm,
see Table 1; even on an area of several squared milli
meters, the surface roughness can be equal to several
nanometers [17]), the UV irradiation smoothing effect
cannot be revealed after the VUV treatment. There
fore, the initial PMMA film was nanostructured in
nonequilibrium oxygen RFplasma for 20 s.
The nanostructuring was performed using
PCT100T plasmochemical treatment system (Engi
neering Plant “Quartz”). The operating frequency of
the RF generator was 13.56 MHz, and the plasma
excitation was inductive. The leakage rate of high
purity oxygen into the reactor chamber was about
30 l/h, the residual pressure ranged from 10 to 20 Pa,
and the glow discharge power 500 W. Similar results
were obtained for an oxygen RF plasma using a Plasma
600T plasmochemical treatment system (Research
Institute of Semiconductor Engineering). The operat
ing frequency of the RF generator was 13.56 MHz, and
the plasma excitation was capacitive. The film was
treated for 1 min under 40 Pa residual pressure of the
working gas in the chamber, glow discharge power about
400 W, grid current 80 mA, and anode current 0.9 A.
As a result of PMMA film etching, nanograins with
the lateral sizes about 66 nm, height about 1.8 nm, and
distance between neighbour nanograins about 104 nm
(mean values, see Table 2) are formed on the surface
(Fig. 2b). The number of grains per unit area is
approximately 122 μm–2. The technology used for
nanostructuring provides a good reproducibility of
results.
As in the case of VUV treatment, the polymer treat
ment in the oxygen RFplasma changes only a thin
nearsurface layer of 110 nm thickness leaving a poly
mer in the bulk unaffected [17, 18]. The formation of
nanograins can be explained by local variations in the
PMMA film density and, accordingly, by the different
etching rate [19]. The local density variations are
related to the presence of inhomogeneities in the
majority of polymers, first of all, grains (globules)
[20–23], lamellas [20–23] as well as coiled molecules,
bundles, nodes, twistings, tangles of molecular chains
[23], etc.

JOURNAL OF SURFACE INVESTIGATION. XRAY, SYNCHROTRON AND NEUTRON TECHNIQUES Vol. 4

No. 1

2010

VACUUM ULTRAVIOLET SMOOTHING OF NANOMETERSCALE ASPERITIES
(a)

nm

1000
800
600
400

0.4
0.2
0

200
0
0

(b)

nm nm
2.2
2.0 1200
1.8
1.6 1000
1.4
800
1.2
1.0 600
0.8
0.6 400

1200

3
nm
8
7
6
5
4
3
2

200

1

0

0
0

200 400 600 800 1000 1200 nm

200

400

600 800 1000 1200 nm

Fig. 2. AFM images of the PMMA film: (a) the initial surface after deposition on the Si substrate and (b) the nanostructured sur
face obtained as a result of the treatment of the initial surface in the oxygen radiofrequency plasma.

slows down; afterwards, oxygen penetrates into the
material comparatively slowly [17].

In addition to the change in the surface morphol
ogy, a considerable chemical modification of the poly
mer surface occurs during the PMMA treatment in
oxygen plasma. In particular, polar functional groups
as well as carbonate (O2C=O) and free carbonyl
(C=O) groups appear [17, 18]. The amount of oxygen
in the nearsurface layer increases substantially during
the first seconds of the treatment, and then its growth

The surface morphology of the PMMA film was
studied by atomicforce microscopy (AFM). The
measurements were conducted using SolverTM P4
device (NTMDT) in tapping mode. The spring con
stant of the Si cantilever (Institute of Physical Prob
lems named after F. V. Lukin) was about 12 N/m, and

Residual air pressure, Pa
–
Duration of VUV
0
treatment t, min
Peak-to-peak height Sy, nm 2.2
Mean roughness S, nm
1.1
Rootmeansquare rough 0.26
ness Sa, nm

Nanostructured
PMMA film

Parameters

Initial PMMA film

Table 1. Roughness parameters of the initial PMMA film and the nanostructured PMMA film before and after VUV treatment
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Residual air pressure, Pa
Duration of VUV treatment
t, min
Number of features n
Mean feature diameter D, nm
Mean feature height h, nm
Mean distance between
features d, nm

Nanostructured
PMMA film

Parameters

Initial PMMA film

Table 2. Geometric characteristics of features of the initial PMMA film and the nanostructured PMMA film before and after
VUV treatment. The second value of the diameter corresponds to the lower estimate
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2

the resonant frequency was 130.800 kHz. The tip
radius r of the cantilever probe did not exceed 10 nm.
To exclude the effect of spread of cantilever param
eters on the scanning results, all measurements of the
surface topography were made using one cantilever. In
addition, the same scanning parameters were specified
in all measurements; in particular, the same force was
always applied to the surface. The force with which a
cantilever presses on the soft polymer surface is a key
parameter determining whether the relief under study
is deformed or even damaged during the measure
ments [23].
Analysis of the roughness parameters [24, 25, 19]
and geometrical sizes of the surface features (nano
grains) of the PMMA film was conducted over
1.4 ×1.4 μm2 area. The geometrical sizes of the fea
tures were determined during computer topography
recognition performed by feature-oriented scanning
(FOS) method in the virtual mode [26]. In contrast to
existing systems used to analyze features, such as grain
analysis, in FOS method, a local horizontal cutting
plane is drawn for each feature that makes it possible
to determine feature parameters more precisely.
The typical size of the sample n was 200–400 fea
tures depending on VUV treatment time. The geomet
rical dimensions of the features are presented in the
lateral plane by mean diameter D of a circle inscribed
in the visible feature base and by mean height h in the
vertical plane. In addition, the mean distance d
between the neighboring features was calculated. The
obtained data are given in Table 2.
Because the dimensions of the observed features are
comparable with the radius of curvature r of the
AFM probe tip, it is necessary to take into account a
possible broadening of the lateral feature dimensions,
in our case – the base diameter D. The value of the
broadening was estimated by formula ΔD = 2 2rh – h

2

100

obtained from simple geometric considerations. Writing
this formula, we assumed that the probe tip has the
shape of a ball and the lateral feature surface is a vertical
wall. The lower estimate of the feature diameter
obtained by subtracting ΔD from D is given in Table 2
after the comma. The true value of the feature diameter
is somewhere between the measured value D and its
lower estimate.
RESULTS AND DISCUSSION
Figures 3a and 3b show surface images obtained as
a result of 2 and 10 min VUV treatment of the nano
structured PMMA film under 2 Pa residual air pres
sure in the chamber. Here and hereafter, the surface
images of the samples treated under a pressure of
100 Pa are not shown, because they are qualitatively
similar to those of films treated under a pressure of
2 Pa. The number of points constituting the AFM
images is 256 × 256. The roughness parameters of the
obtained films are given in Table 1.
Figure 4 shows the data listed in Table 1 as depen
dences of peaktopeak heights Sy, mean roughness S,
and rootmeansquare roughness Sa of the nanostruc
tured PMMA surface on the VUV treatment time t
under an air pressure of 2 and 100 Pa. Regression
curves are drawn through the obtained experimental
points using the leastsquares method. Here and here
after, the local regression (loess) was used to draw
curves, because the thirdorder polynomial oscillated
in the range of large times; a small “ski jump” at the
end part of the curves is related to calculation pecu
liarities of the local regression.
The comparison of the roughness parameters of the
samples treated under residual pressure 2 Pa with the
parameters of the samples treated under residual pres
sure 100 Pa shows that these VUV treatment processes
are approximately the same. At the beginning, the pro
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Fig. 3. AFM images of the nanostructured PMMA film subjected to VUV irradiation under 2 Pa residual air pressure in the cham
ber. Treatment time: (a) 2 min and (b) 10 min.
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Fig. 4. Dependences of the roughness parameters (a) Sy, (b) S, and (c) Sa of the nanostructured PMMA film on the VUV treat
ment time t under 2 and 100 Pa air pressures in the working chamber.

cess of PMMA film irradiation under a higher residual
air pressure of 100 Pa has smaller smoothing rate and,
correspondingly, changes the nanostructured surface
of the PMMA film to a smaller extent (Fig. 4). Proba
bly, the small rate of smoothing is related to an addi

tional absorption of VUV radiation. The smoothing
rates become the same after approximately five min
utes of treatment, then the smoothing rate under 2 Pa
pressure decreases faster than that under 100 Pa pres
sure. In the latter case, the change in the rate is prob
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Fig. 5. Specific surface features recognized in the image of the (a) initial and (b) nanostructured PMMA film during the virtual
FOS. The position of the point corresponds to the center of gravity of the visible base of the recognized feature. For the real surface images (a) and (b), the schematic representations (c) and (d) were built in which the features are imaged as hemispheres.

ably related to a change in the ratio of the components
forming the gas mixture. Finally, after the 15 min
treatment, the smoothing rates of both processes
decrease to zero, and the roughness obtained becomes
the same as that of the initial film. Thus, after 15 min
utes of the VUV treatment, irrespective of the pressure
in the working chamber, the dynamic equilibrium state
had happened, at which the processes of the photo
etching and partial redeposition would not change the
surface roughness.
Results of analysis of the PMMA surfaces by FOS
method are shown in Figs. 5 and 6. Application of
FOS enables us to find surface features (nanograins in
our case) and determine their main geometrical char
acteristics (see Table 2) in automatic mode. The
advantage of the FOS method is that it makes possible
to discover features in such images where they are
almost unnoticeable by eye. For example, this method

can detect features having small lateral sizes (see
Figs. 5a, 6b), small heights, complicated base shape,
and also those located on a strongly developed under
lying topography.
Figures 5c, 5d, 6c, and 6d show images of the
obtained surfaces in the schematic form, which sim
plifies their analysis. In particular, using the schematic
(model) representation makes possible to better
understand the surface structure. This representation
is especially useful while analyzing surfaces, which
consist of a large number of small, weakly distinguish
able features (see Figs. 5a, 6b).
Based on the data presented in Table 2, the depen
dences of nanograin number, mean nanograin diame
ter, mean nanograin height, and mean distance
between the neighbour nanograins on VUV irradiation
time t under 2 and 100 Pa air pressure in the working
chamber are built (see Fig. 7). On the whole, the anal
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Fig. 6. Specific surface features recognized in the image of the nanostructured PMMA film exposed to VUV irradiation under
2 Pa pressure for (a) 2 and (b) 10 min. The images (c) and (d) are schematic representations of the images (a) and (b), respectively.

ysis of the obtained results shows that smoothing of the
features of the nanostructured surface of the PMMA
film is well noticeable even after 2 minutes of VUV
irradiation (see Fig. 3a, compare with Fig. 2b). After
10 minutes of VUV irradiation, the value of mean
roughness decreases by a factor of 2.6–3 (Table 1,
Fig. 4), mean lateral size of nanograins decreases two
fold, and mean nanograin height decreases by a factor
of 15–18 (Table 2, Figs. 7b, 7c). Thus, after 10 min
utes of the VUV exposure, the obtained surface
becomes comparable with the smooth surface of the
initial PMMA film obtained on the centrifuge (see
Fig. 3b, compare with Fig. 2a).
The comparison of the curves in Figs. 7a and 7d
shows that occurrence of new surface features and
decrease of a mean distance between surface features
during interaction of UV radiation with the polymer in
the presence of oxygen are two mutually opposite pro
cesses. Hence, we can conclude that gaseous photoly

sis products redeposit under VUV irradiation, because
PMMA film etching in the oxygen plasma leads to the
opposite result, namely, to a noticeable decrease in the
number of features and to an increase in the distance
between them (Table 2).
It should be noted that the experimental values
given in Figs. 7a and 7d have a strong spread. This
means that some local subprocesses occur in the cho
sen time ranges. Thus, the regression curves show only
a general character of a sufficiently complicated pro
cess of the VUV treatment in this case. For this reason,
in contrast to the other curves, these curves have no
horizontal regions of saturation after 10–15 minutes
of film treatment.
Analysis of the images in Figs. 5 and 6 allows
detecting sequences forming linear and slightly curved
chains among the chaotically scattered features [22].
The features forming these structures have approxi
mately the same dimensions and are located at
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d between neighbour features of the nanostructured PMMA film on VUV treatment time t under 2 and 100 Pa air pressures
in the working chamber.

approximately the same distance (35–80 nm) from
each other. The chain can consist of two, three, four
and more nanograins. The indicated chains exist both
on the initial PMMA film and on PMMA films treated
in the oxygen plasma and exposed to VUV radiation.
The discovered chains probably are a part of the poly
mer film structure. The chains on the initial surface
are short and randomly oriented. It is possible that the
short chains observed on the initial surface are a part of
longer chains going into bulk of the material.
The revealed structure is seen especially clear on
the film treated in the oxygen plasma (Fig. 5b). Here,
the chains contain a large number of elements with
approximately the same dimensions located at
approximately the same distance between each other;
the chains have a small curvature and are oriented
along a certain direction. Two directions on the surface
along which the chain elements are mainly oriented
can be distinguished. Approximately these directions
are oriented along the diagonals of the given images.

Thus, the observed features and their mutual arrange
ment enable us to speak about a certain degree of two
dimensional ordering of the surface under consider
ation [20].
To confirm the periodical arrangement of the fea
tures on the PMMA film, the Fourier spectra of the
surfaces under investigation were obtained (Fig. 8).
The constant component, which yields small informa
tion in the analysis of spatial frequencies, was dis
carded (it corresponds to the mean roughness S
numerically, see Table 1). The frequencies forming a
“cross” at the spectrum center are related to the Fou
rier transformation method itself (they are induced by
the edge effect); therefore, these frequencies should be
simply ignored.
The data given in Fig. 8a demonstrate that the ini
tial PMMA film produced by centrifuging contains no
distinct peaks that could be associated with any (one
or twodimensional) surface ordering. The spectrum
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Fig. 8, Fourier spectra of the surface of the (a) initial PMMA film, (b) PMMA film nanostructured in the oxygen plasma,
(c) nanostructured PMMA film after 2 min of VUV treatment under 2 Pa pressure, and (d) nanostructured PMMA film after
10 min of VUV treatment under 2 Pa pressure.

contains image components at all frequencies with the
usually observed tendency toward a decrease in the
amplitudes of harmonic components as the spatial fre
quency increases.
Figure 8b shows the Fourier spectrum of the PMMA
film surface nanostructured in the oxygen plasma. The
insert in Fig. 8b contains only peaks that differ notice
ably from the others. There are four such peaks. The fol
lowing spatial frequencies correspond to the found
peaks: f1 = 1/107.1 nm–1, f2 = 1/120.0 nm–1, f3 =
1/105.0 nm–1, and f4 = 1/145.5 nm–1. The frequencies
are given in descending order of their amplitudes
(arbitrary units): 27.1, 25.0, 23.9, and 23.8, respectively.
Other harmonics in the lowfrequency region of
the spectrum, where the main information on the
images is usually concentrated, were rejected as less
significant for our analysis. Four selected peaks are
slightly distinguished on the spectrum, because a non
linear scale (a logarithmic one) was used for spectrum
rendering. The nonlinear scale is required for visual

ization of the whole spectrum, in particular, for imag
ing the response related to high frequencies.
It should immediately be mentioned that the spa
tial period 1/f1 = 107.1 nm extracted from the spec
trum agrees well with the mean distance d = 104.1 nm
between the features, which was determined during
the virtual FOS. The harmonic oscillation with the
frequency f1 propagates along the direction making
angle 51.1° with the x axis. The harmonic oscillation
with the frequency f2 propagates almost perpendicu
larly (91.3°) to the oscillation with the frequency f1.
Both of these facts confirm the previously discovered
orientation of the grain chains along the image diago
nals (Figs. 2b, 5b).
The propagation directions of the oscillations f3
and f4 make respective angles of +15.0° and –25.5°
with the direction of the oscillations with the fre
quency f2; moreover, both oscillations have almost the
same amplitudes. The harmonic oscillations f3 and f4
are probably satellites of the oscillation f2; i.e., they are
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some deviations from the direction of this oscillation.
The discovered deviations are probably associated
with the structure of the PMMA macromolecule and
with peculiaritues of its interaction with the neigh
boring macromolecules. Thus, the detection of the
frequencies f1 and f2 demonstrates directly that the
nanostructured surface of the PMMA film has a cer
tain twodimensional order [20].
A portion of the spectrum contained in the square
has the oval shape meaning that the observed grain in
the image plane also has, on average, the oval shape.
Furthermore, the long oval axis coincides almost with
the propagation direction of the harmonics f3, which
corresponds to the flattened shapes of grains along this
direction (Figs. 2b, 5b). A deficiency of low frequen
cies, whose reciprocals are comparable with the sizes
of the considered image, is observed in the spectrum
center. Such deficiency indicates that after PMMA
etching in the oxygen plasma, the surface in the above
mentioned scale became flatter than the initial one,
despite of the grain formation caused a local fourfold
increase in height difference. Thus, the indepth etch
ing process while nanostructuring develops evenly over
0.3–1.4 μm regions, the etching unevenness reveals
itself only locally in the form of grain formation.
Figure 8c shows the Fourier spectrum of the nano
structured surface of the PMMA film treated in VUV
during 2 min under 2 Pa pressure. Two characteristic
frequencies f1 = 1/110.3 nm–1 and f2 = 1/113.8 nm–1
with amplitudes 11.2 and 9.6, respectively, can be
found in the spectrum. The presence of the frequen
cies f1 and f2 shows that surface features still form the
twodimensional partially ordered structure. The fre
quencies-satellites f3 and f4 observed before VUV
treatment vanished; in addition, the amplitudes of the
harmonic oscillations with the frequencies f1 and f2
decreased by a factor of 2.5. The frequencies f1 and f2
differ in Fig. 8c to a smaller extent than those in
Fig. 8b; consequently, some sort of equalization of the
spatial periodicity along the selected directions took
place during the VUV treatment.
It is also worth paying attention to the fact that the
deficiency of low frequencies observed in the preced
ing spectrum turns out to be made up. Despite this, the
image relief did not become noticeably less flatter in
the scale comparable with the scan size because of
small amplitude of these low frequencies. An increase
in the number of high frequencies inside the region
denoted by the square indicates a decrease in the fea
ture diameter. The spectrum inside square does not
longer have an oval shape meaning that the lateral
cross sections of the grains became circular.
Figure 8d shows the Fourier spectrum of the sur
face of the nanostructured PMMA film treated in
VUV during 10 min under 2 Pa pressure. The spectrum
contains no frequencies related to any periodic struc
ture. On the whole, the spectrum corresponds to that
of the initial PMMA film (Fig. 8a) obtained by centri
fuging.

CONCLUSIONS
Our studies showed that using the VUV treatment
with the radiation wavelength λ = 123.6 nm and inten
sity around 7 mJ cm–2 s–1 allows to change the film
thickness and the roughness of the PMMA surface
quite effectively in the nanometer range. In particular,
by subjecting the nanostructured PMMA surface hav
ing mean feature height 1.8 nm to UV radiation during
10 min under 2100 Pa residual air pressure in the
working chamber, it is possible to obtain the surface
roughness comparable to that of the initial smooth
film (a mean feature height of about 0.1 nm) depos
ited on a polished substrate by centrifuging.
The nanostructured surface of the PMMA film
during VUV treatment under a low air pressure is
smoothed as a result of the simultaneous action of two
opposite processes, namely, polymer photodissocia
tion and photostimulated oxidation, on the one hand,
and partial redeposition and intermolecular linking,
on the other hand [15]. Moreover, the mechanical
relaxation of the film surface stimulated by radiation
defects occurs. Redeposited photolysis products fill
the space between the nanostructured surface grains
subjected to oxidation and etching. As a result, the
relief of the film surface after the VUV treatment
approaches to the initial sample with the smooth sur
face typical of PMMA having no any features or struc
ture. To accelerate the process and improve reproduc
ibility, the air supplied in the chamber can be replaced
with highpurity oxygen.
The Fourier spectrum of spatial frequencies of the
PMMA film nanostructured in the oxygen plasma
unambiguously demonstrates the presence of the two
dimensional quasiperiodic structure, which is a system
of parallel chains of nanograins. The nanograins
themselves are probably polymer globules. The par
tially ordered surface nanostructure was completely
disintegrated during the subsequent VUV treatment
that finds its confirmation in the corresponding Fou
rier spectra.
The nature of the discovered ordering is now stud
ied. In particular, it is necessary to understand whether
the nanograins and the partially ordered structure were formed
during the PMMA film treatment in oxygen plasma or
during polymerization [20–22] and were then simply “de
corated” on the surface of the initial film with mobile
polymer fragments of lower molecular mass [22]. In
addition, a relationship between surface roughness,
processes of surface chemical modification in oxygen
plasma and in VUV, and surface hydrophobic properties
[17, 19] is planned to be investigated; in particular, this
is important for “adjusting” biocompatibility parame
ters of surfaces of PMMA implants [14].
The nanostructured surface of PMMA resist
exposed during electronbeam, UV, or Xray lithogra
phy can be used as a mask after development to form
partially ordered patterns of nanodots, nanocolumns,
nanopores, etc. [20, 21]. In this case, the mask is pro
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duced, because, under the action of an electron beam,
UV, or Xray radiation, the degree of resist polymer
ization in nanograins will differ from that in the
regions between the nanograins, and, accordingly, the
resist solubility in these places will be different.
PMMA film nanostructured in oxygen plasma can
also be used as a test surface for performance estima
tion of a nanotechnological equipment incorporating
UV radiation sources.
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