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Scope of the Workshop

Theory of 2D and quasi-2D materials
Modeling and simulation of 2D and quasi-2D materials
Fabrication, (nano)patterning and sculpting of ALD-based nanocomposites

Materials, including graphene, metallic, intermetallic and heterometallic single
and multilayer films, metal oxides, polymers, etc.

Light-matter interaction in 2D nanomaterials
Photonic and plasmonic devices based on ALD and other ultrathin films

General applications of ALD-based structures and devices
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Thin copper films have various application in the electronic industry for the fabrication of
contacts in integrated circuits. Copper electroplating has been widely employed for
fabricating the wires of printed circuit boards (PCBs) , sidewall metallization of the microvia
and through hole in the fabrication of multilayer PCBs [1] . Along with electrodeposited thin
Ni films, they may be considered as laminate composite structures with good mechanical
properties such as high hardness and tensile strength, which is especially important for the
MEMS structures fabrication [2-4].

Electrolytes that are commonly used for the copper deposition are on the base of sulphate
salt and sulphuric acid with content of variouse organic or nonorganic additives in small
quantities. One is called the suppressor which is composed of polyethylene glycol (PEG) and
chloride ions and inhibits the copper deposition, the other is called the accelerator which is
composed of 3-mercapto-1-propanesulfonate acid (MPSA) and enhances the rate of copper
deposition [5-6]. The influence of additives and deposition parameters on the structural and
mechanical properties of copper coatings was investigated by Vickers microhardness
indentation testing method. The measured hardness is called the composite hardness, because
the substrate participiates in the plastic deformation caused by indentation. Mathematical
composite models are used to calculate the hardness of the thin film from the composite
hardness and the choice of composite model depends on the type of composite systems. The
composite hardness model of Chicot-Lesage (C-L) [7] was chosen and applied to
experimental data in order to calculate the copper film hardness.

Copper thin films were electrodeposited from a sulphate bath consisting of 240 g/l
CuSOy45H,0, 60 g/l H,SOy4, 0.124 g/1 NaCl, 1 g/l PEG, 1.5 mg/l MPSA on two substrates
(brass and stainless steel foil). The current density values were maintained at 10 mA/cm?* and
50 mA/cm*(DC galvanostatic mode).

Microhardness measurements indicated that the hardness response of the same film
depends on type and contribution of the supportive substrate. Composite hardness values
show ascending character and copper films deposited on brass substrates have higher
composite and film hardness then ED Cu films on steel substrates for the same deposition
parameters and thickness, are shown in Fig.1.
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Fig.1. Variation in composite hardness with normalized depth h/t, for electrodeposited Cu film on alloy

(brass and steel) with constant current density (j=10 mA/sq.cm).

The films obtained with higher current density (50 mA/cm?) appear harder than films

deposited with 10 mA/cm? Increase in current density value has led to grain size refinement
and hardness increase. The quality of the ED Cu films is satisfactory for the application in
MEMS technologies.
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