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The effect of electron beam irradiation on the amorphous chalcogenide film As;gS3sSe,s was studied. The
formation of cones with a Gaussian profile on the surfaces of the films was found after local electron irradiation.
Exposition dependent evolution of height surface nanostructures has been detected. The dependence of the height
of surface nanostructures on the dose of irradiation is analyzed. Charge accumulation model into interaction
region between the film and the electron beam was used to explain the electron-induced phenomena of the
surface structure of amorphous As3gS3sSeys films. Charges relaxation times, and electron beam penetration depth
into film, and the initial and inverse doses are determined.
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Introduction

Chalcogenides are promising materials with
attractive properties, such as low losses and versatile
photo-induced effect, which made them suitable
candidates for production of gratings and other optical
elements for visible (VIS), and infrared (IR) wavelengths
[1, 2]. The interaction of these materials with the electron
beam is of interest due to diversity of physical
phenomena induced in chalcogenide films by laser
irradiation in the region of their intrinsic absorption.
Valuable efforts have been employed in research of
photoinduced phenomena in amorphous chalcogenide
films. Irradiation of chalcogenide film with an electron
beam can be an effective method of charge generation
inside the film.

Among them, a great attention has been paid to the
As-Se-S glasses [3]. These systems are known by a large
glass-formation region [4] as well as their excellent
linear and nonlinear properties and the glasses are used in
the holographic optical elements [5], optical memories
[6], switching devices [7] and planar waveguides [8].
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Several studies have focused on photo- and thermally
induced changes and imaging properties of ASSeoxS€x
layers (x=0; 20; 30; 40; 60) with regard to their
application  for  gratings fabrication  [5, 9-15].
Investigations of electron beam exposure on Ge-As-Se
systems showed the formation of different shaped surface
reliefs, mass transport or interaction between induced
charges [16-18]. Geometric parameters and shape of the
reliefs depend on the chemical composition of the film.

In this study we systematically vary exposure time in
order to find response of surface relief of AsSzS3sS€s6
film for electron beam lithography using them for the
production of periodic nanostructures.

I. Experimental

Thin film As3S36Se,s 0f ~ 4.6 um thickness was
prepared by thermal vacuum evaporation of As4SzSesy
bulk glass onto sapphire substrates. The chemical
composition was determined by energy dispersive
analysis of X-rays (EDAX) using scanning electron
microscope (SEM) Tescan, model VEGA. The film was
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Fig. 1. AFM images of surface relief on AsssSssSezs film after e-beam exposure: a — 60 mC-em®; b — 240 mC-cm™;
C—2400 mC-cm?; d — 12 C-cm™. Distance between dots — 6.6 um.
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Fig. 2. Profile of recorded surface relief on

As3gS3sSe, film after e-beam exposure. Distance
between dots — 6.6 um.

irradiated by an electron beam using a scanning electron
microscope (SEM, Tescan, model VEGA). The
accelerating voltage V =30 kV, spot size B =640 nm,
and the electron beam current 1 =19 nA. The exposure
dose G varied from 12mC-cm? to 12 C-cm® The
surface relief of the film was studied by atomic force
microscope (AFM, Bruker, model ICON). Exposure dose
was determined by expression: G = I-t/S (uC - cm™2),
where S is the irradiated area (cross-sectional area of the
electron beam focused on the surface of the film). All
exposures were performed in a low vacuum mode under
nitrogen at a pressure of 10 Pa. Square matrices of 100
microns in size were made of a certain number of points.
The distance between the points was 6.6 pm and 10 pm.
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I1. Results and discussion

Nanostructures with a height of approximately 100
nm were formed on AszS3sSess film after e-beam
exposure. The formed cones on the surfaces of the films
have Gaussian profiles. The examples of surface reliefs
that occur when the surface is irradiated as square matrix
of dots with distance 6.6 um between the irradiated dots
are shown in Fig. 1. The images of the experimentally
obtained atomic force microscope (AFM) relief profiles
are shown in Fig. 2.

The results show that AszsSssSes is quite sensitive to
electron beam irradiation. The height of the surface relief
using logarithmic scale is plotted in Fig. 3. It can be seen
from Fig. 3 that for G < 2400 mC-cm™ the height of the
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Fig. 3. Dependence of surface reliefs height which
were formed by electron beam on the exposure dose.
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Fig. 4. Linear approximation of the dependence of the
surface relief height of the AszsSssSess film on the
irradiation time for a matrix period 6.6 um.

surface relief gradually grows to 120 nm and for
G > 2400 mC-cm?, relief height decreases. The changing
of shape and parameters of the obtained surface relief on
As3S36Se,6 film can be explained by the charge model,
which was used earlier for the relief formation processes
in Ge-As-Se chalcogenide films [16-18]. According to
this model, at the initial stage of irradiation (in the low-
dose region), the increase in the height of the surface
relief in the cone form is due to the rapid increase in the
magnitude and density of the positive charge near the
film surface. Moreover, the formation of a relief of this
shape is due to the electrostatic expansion of the structure
in the region of this charge. The initial dose at which a
surface relief appears characterizes a sensitivity of the

effectiveness for use as an electronic resist for one-stage
(dry) electron lithography.

It can be seen from Fig. 4 that dependences h=F(t)
both in the region 2ms — 40ms (12mC-cm? —
240 mC-cm?), and in the region 200 ms - 2000 ms
(1200 mC-cm™ — 12 C-cm™) can be well approximated
by straight sections. The intersection points of these lines
with the abscissa axis have found. They have the
following values: t=11 ms and t=7642s.
Accordingly, the initial dose of relief formation on this
film at d = 6.6 um is equal to G, = 6,5 mC-cm?, and the
inversion dose of the surface relief shape G; = 451,6
C-em® At d = 10 pm, these parameters are Go=
3,13 mC-em™ and G;= 1751 C-cm™.

According to the two-layer charge model [18], the
process of formation of the space charge region inside
the irradiated film region is non-equilibrium. Relaxation
times of processes of charge formation Q_and Q. were
determined from exponentially increasing (2 ms — 40 ms)
and exponentially decreasing (200 ms - 2000 ms)
sections. Fig. 5a, 5b show the results of an exponential
approximation of the dependences h=F(t) for d=
6.6 um using the corresponding formulas. It can be seen
that the approximation curves correlate well with the
measurement results (points). Relaxation times that
determined as a result of this approximation are
T1 =(12.82 £ 2.09) ms and T2 = (961.54 + 400.46) ms,
respectively. Relaxation times have similar values for the
matrix of irradiated regions with d = 10 pm. It can be
seen that T1 and T are very different from each other. As
well as for films of the Ge-As-Se system [18], Q.
charge relaxation occurs much faster than Q_ in the As-
S-Se film. It should be noted also that exponential
relaxation was observed during storage of films [12] and

film to electron irradiation and determines its  €xponential ~decreasing of concentration of non-
stoichiometric structural units during light exposure of
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Fig. 5. Exponential approximation of the dependences h = F(t) using formulas h = hgp +hy | 1- exp[— —] for
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the interval: a—2ms-40 ms; b— h=hy, +h, ~exp[——j for the interval 200 ms — 2000.
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chalcogenide films was observed in [9].

The formation of surface relief is due to structural
changes in the film and the emergence of a space charge
region (SCR) during the interaction of the film and the
electron beam. The penetration of primary electrons into
the film leads to the accumulation of charge in the film
and on its surface, as well as the emission of electrons
from the film back into the vacuum [17].

The interaction region value between of As3gSzsSess
film and electron beam was calculated by the formula
[19]:

5

A-ES

8
p-z9
where A is average atomic weight, Z is average nuclear
charge, p is the density of irradiated material (the density
of the initial glasses used to obtain the films was taken
for calculations) and E, is the energy of incident
electrons. Following parameter values were used to
determine the numerical value of R for the AszsS36Ses
film: p =~ 3.69 g-cm™ [20], A = 60.54 g'mol™?, Z = 27.14
(A and Z were determined similarly [16]). Value of R ~
7.0 um was obtained for the As;gSseSess film.

R =0.0276-

Conclusions

Our investigations have demonstrated that studied
As3S36S€,6 cCOMposition is suitable for e-beam recording.

The formation of cones with Gaussian profile on the
surfaces of the films was detected after electron
irradiation. Exposition dependent evolution of height
surface nanostructures has been detected. Charge
relaxation times, and initial and inverse doses, and size of
interaction region have been determined:
T1 = (12.82 £ 2.09) ms and T2 = (961.54 =+ 400.46) ms,
Go = 6,5 mC-cm?, G;=451.6 C-cm™ R = 7.0 um. These
results show that AsssSs;6Sess films can be used for
fabrication of the optical elements by local electron
irradiation method.
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EnexkTpoHHO-IpOMEHEBH 3aNMC MOBEPXHEBUX CTPYKTYP HA XaJIbKOTe€HiTHHX
miiBkax As-S-Se
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JlocTiKeHO BIUTMB ONPOMIHEHHSI SIEKTPOHHUM MYYKOM Ha aMOp(HY XalbKOTeHIAHY IUTBKY ASzgS35S€y.
Byno BusiBiIeHO YTBOpPEHHS KOHYCIB 3 TaycCcOBUM mpodijeM Ha MOBEPXHAX IUIBOK HICIs JIOKaJIbHOTO
ONPOMIHEHHS eJeKTpoHaMu. [IpoaHami3oBaHO 3aJeKHICTH BHCOTH TIOBEPXHEBHX HAHOCTPYKTYP BiI IO3H
onpoMiHeHHs. [IJs1 HOSICHEHHsI eNIeKTPOHHO-1HAYKOBAHHUX SIBUI] IOBEPXHEBOI CTPYKTypH3amii aMOp(HHUX IUTIBOK
AS38S365€2¢ BUKOPHCTaHA MOJICITh aKyMYJIIOBAaHHS 3apsay B 00JIACTi B3a€EMOJIIT IUTIBKK Ta CIICKTPOHHOTO ITyYKa.
BusnaveHni wacu penakcamii 3apsiB, TIMOMHA NPOHUKHEHHS €IEKTPOHHOIO ITydKa B IUTIBKY, IOYaTKOBa Ta
IHBEpCHA J103H.

KuiwouoBi cjioBa: XalbKOreHIOHI TOHKI IUIIBKH,

OTNPOMIHEHHS ENEKTPOHHHM IyYKOM, ITIOBEpXHEBI
HAaHOCTPYKTYPH.
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