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1. Introduction – Electroless metal deposition on Anodic Aluminum Oxide (AAO) could find

technological applications in the electronic industry for a preparation of metal core printed circuit boards.

However, the low chemical resistance of AAO and of aluminum is a limiting factor in the preparation of

metalized AAO/Al structures via classical electroless metal deposition techniques due to the low pH

conditions and presence of chloride ions in the pre-treatment solutions for activation and acceleration

operations.

The present work is focused on the electroless nickel deposition on 10 µm thick porous AAO with varied

pore diameter (20, 40, and 120 nm).

2. Experimental - The AAO surface on aluminum substrate was activated by a chloride-free process

based on successive impregnation of the oxide structure with Sn(II) and Pd(II) solutions. Thus, preserving

the dielectric properties of the barrier layer at the aluminum/oxide interface. The subsequent nickel

deposition was done using a conventional electrolyte at pH 4.4 with a Ni(II) sulfate precursor and sodium

hypophosphite as a reducing agent. Characterization by SEM/EDS was used to study concentration

profiles of the Ni content inside the pores.

3. Results and Discussion - It was found that the nickel penetration into the AAO layer correlates with

the pore diameter. In narrow pores (20 nm) the Ni coverage is highest near the top surface, and becomes

negligible bellow 2 µm of depth. Increasing the pore diameter increases the nickel penetration depth

within the pore. E.g. in the case of 120 nm pores Ni was registered even at the Al/Al2O3 interface at the

pore bottom (above 5.7 at.%). Reversely, the P/Ni ratio increases throughout pore depth in AAO and,

especially in narrower pores, leads to the formation of NiP nanotube-like structure inside the pores. The

abovementioned effects are explained by the positive surface charge of AAO in the acidic solutions for

activation and electroless deposition (point of zero charge of AAO is at pH 9), leading to the formation of

electric double layer, consisting predominantly of the negative hypophosphite counterions, whose

thickness relative to the pore width limits the penetration of Ni(II) ions inside the pore.

4. Conclusions - Layered Al/AAO/AAO+Ni/Ni structures were fabricated by electroless nickel

deposition and the AAO pore diameter was linked to the distribution of Ni inside the pores. This effect

could be used for purposeful design of multilayer metal / dielectric structures. Additionally, it establishes

AAO a suitable model system for in-depth studies of the factors governing ion transport in high-aspect

ratio nanoporous structures.
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