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ELECTRON BEAM INDUCED PATTERNS IN Ag/GeS,
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The results of a systematic study of the formation of patterns by an electron beam in GeS, are
reported. A scanned electron beam has been shown to induce the dissolution of silver into the
chalcogenide matrix in the irradiated areas. The dissolution produces an expansion of the
material in the irradiated region that is believed to be due to the fact that the density of the
reaction product is less than the average density of the silver and chalcogenide layers [11].
Once the chemical reaction was completed, no further migration of silver towards the
irradiated area was observed in the Ag/GeS, thin films.
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1. Introduction

Glassy Ge,S,., exhibits interesting properties in the presence of metals upon electron beam
irradiation [1-3]. The dissolution of silver into chalcogenides assisted by UV light has been
extensively studied by a number of researchers [1-4]. The most widely accepted model suggests that
the incorporation of silver occurs as a result of the presence of a negative charge in the undoped
region. The negative charge arises as a consequence of the generation of electron-hole pairs by UV
light absorption. The holes, which have a higher mobility in chalcogenide glasses, diffuse towards the
non-irradiated area, while the electrons are trapped in localized states. This gives rise to an electric
field in the film, which is then enables cationic migration to occur [5].

Although much attention has been devoted to the dissolution of the metal by UV light, to the
best of our knowledge few studies have been performed on the dissolution of silver in Ge,S,« by
electron beams [6,7]. Yoshikawa et al. [6] and Oldale and Elliot [7] have reported lateral diffusion of
silver, dendritic deposition, crystallization and structural changes but the dissolution of silver in the
amorphous matrix induced by electrons is still not well understood. This effect has potential
applications in the patterning of GeS, by electron beams, because the doped compound is resistant to
acid and alkaline solutions [8] making it easy to fabricate lines of sub-micrometre dimensions. The
use of this system as an electron resist for mask fabrication is also possible.

2. Experimental

The chalcogenide glass was obtained by synthesis from the elements Ge and S (purity
99.99%) heated at 1000 °C for 18 hours in an evacuated silica ampoule and cooled by rapid quenching
in an ice-water mixture [9]. A JEOL T220 secondary electron microscope (SEM), in which the
electron beam was controlled by a computer, was used for electron beam writing, while the chemical
composition of the material was analysed by energy dispersive x-ray analysis (EDX) in a JEOL T300
SEM equipped with an ANS 400 x-ray microanalysis system Thin films of the chalcogenide were
obtained by physical vapor deposition. These films were investigated using a JEOL 100C
transmission electron microscope (TEM) and were found to be amorphous.

Thin films of GeS,; were deposited on a variety of substrates: silicon wafers, silicon wafers
coated with silver, silica and silica coated with silver. The silica substrates were obtained through the
reaction of oxygen with a polished silicon wafer, which resulted in a silicon substrate with a 0.5 pm
thick silica film on top. To study the effect of the electron gun setup on the formation of the patterns,
thin films were evaporated onto the substrates at a pressure of about 10” torr. The film thicknesses
were about 200 nm for the chalcogenide and 20 nm for the silver layer. To study the characteristics of
the silver dissolution into the chalcogenide matrix, more complex samples were produced. GeS, films



650 J. S. Romero, A. G. Fitzgerald, K. Mietzsch

of 100 nm thickness were deposited on top of a 15 nm thick silver film, whereby the silver film was
only underlying half of the GeS, film. For the removal of the chalcogenide film and the silver coating,
a 0.1 M NaOH bath and 40% HNO; was used respectively. UV light exposures were performed using
a high-pressure 200 W mercury lamp with the principal emission lines of around 370 nm and 435 nm.
All patterns were analysed using a Dimension 3000 atomic force microscope (AFM).

3. Results and discussion
_ 3.1 Silver dissolution in Ge-S assisted by electron irradiation

Two experiments have been designed in order to determine the mechanism of pattern
formation on chalcogenide thin films that have been deposited onto silicon or silica substrates.

In the first experiment 15 nm of silver and 80 nm of GeS, were deposited in this order onto a
silica substrate. The chemical composition of the chalcogenide films was analysed by x-ray
microanalysis and confirmed to be GeySg,. Patterns were written for different exposure times and
with different electron gun set-ups. The chemical composition in the irradiated area was monitored
during the electron beam irradiation and in all cases no change was observed in the silver
concentration during the exposure. After the irradiation a set of line patterns could be observed on the
surface.
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Fig. 1. AFM top view of a pattern written on a silica substrate after etching (Width = 0.4 pum).

The samples were then immersed in a NaOH bath for a few seconds. The material in the non-
irradiated area was dissolved in the solution leaving the patterns unaffected. To remove the remaining
silver, the surface was treated with a HNO; solution, which did not affect the structures. The
dimensions of the patterns were measured in the AFM. Fig. 1 presents a top view of such a pattern
created within 30 seconds at 15 kV and 0.5 nA.

It is believed that the electron beam induces a chemical reaction between silver and the
chalcogenide in the irradiated area. The reaction product was found to be resistant to NaOH and
HNO; solutions. Oldale et al. [4] and Eneva et al. [11] performed similar experiments using UV light
and found that the reaction product has a fixed stoichiometry. This explains why no further increase in
silver concentration was detected after the chemical reaction was completed.

For the second experiment a sample with the structure presented in Fig. 2 (10 nm silver and
130 nm GeS,) was prepared. The chemical composition of the chalcogenide was Gey;Sgo. The sample
was illuminated for 2 hours by a mercury lamp. After that time the sample experienced a colour
change in the area where the silver was deposited (photodissolution [2-4]). A careful x-ray
microanalysis was undertaken at the interface between the silver/chalcogenide and the chalcogenide.
Silver x-ray peaks appeared only in the arca where silver had been deposited but not in the areas
where no silver had been deposited. It can therefore be concluded that UV radiation cannot induce
lateral migration of silver towards the undoped region.

Subsequently, a set of lines was written across the interface using an electron beam of 20 kV
accelerating voltage and 0.8 nA beam current. Exposure times for the lines were varied between S and
30 minutes. The whole sample was then introduced into a NaOH bath. The lines were not removed by
the NaOH but all of the surrounding material was removed. This leads to the conclusion that the
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scanned electron beam has induced a lateral migration of the silver towards the undoped region. The
silver then reacted with the chalcogenide directly beneath the irradiated area and formed a reaction
product which is resistant to alkaline solutions.

Fig. 2 Experimental setup to determine the Fig. 3 AFM surface image of a pattern on a silica
lateral diffusion effect of silver, substrate after etching with NaOH. Width 4.3 yum,
Height 154 nm.

Fig. 3 presents an AFM image of such a pattern written for 40 minutes after etching. Fig. 4
shows a section analysis from two patterns, the first one written for 5 minutes and the second one
written for 30 minutes. All images were taken after the removal of the surrounding material. Fig. 3
and Fig. 4 show the effect of the electrons in the chalcogenide film. From these pictures it can be seen
that there are two stages of the pattern formation. During the first stage silver is dissolved into the
material without preserving the density. The second stage begins when the chemical reaction between
the chalcogenide and the silver is completed. No more silver can be dissolved in the matrix and the
deformation of the material occurs with the density being preserved. The first stage can be identified
in the first picture of Fig. 4 and the second stage in the second picture of the same figure. The

peripheral depression and the central expansion can be clearly distinguished in this picture.
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Fig. 4. AFM section analysis of line patterns drawn for 5 min and 30 min after etching in
NaOH solution.

In order to clarify whether the continued irradiation with the electron beam could produce the
precipitation of silver on the top of the features the sample was introduced into HNO;, which can
remove silver but not the doped material. The features were subsequently measured in the AFM but
no changes in the dimensions of the lines were observed. This demonstrates that the electronic charge
due to the electron beam can produce dissolution of silver but cannot attract silver ions to the surface
of the pattern.

Fig. 5 shows the dependence of the thickness, the width and the volume of the pattemns on the
exposure time. In all the three cases it can be seen that the data can be fitted to a linear dependence.
The slopes of the three graphs were calculated to be:












