
  

Abstract 
 
The ability to fabricate micro-sized patterns and three-dimensional structures on various substrates is 
of paramount importance for the production of electronic circuits, microelectromechanical systems and 
biomedical devices. Traditional lithographic and masking based microfabrication methods are well-
established but involve multiple steps and result in significant material wastage. A simple and cost-
effective alternative for the maskless fabrication of localized surface patterns is to use electrochemical 
droplet cells (EDC). Researchers have reported the use of gasket type and solution flow-type EDC for 
the fabrication of micro-sized patterns on desired substrates. However, low fabrication speeds and 
difficulty to fabricate complex droplet cells with multiple capillaries limit the applications of this 
technique. In this thesis, multicapillary solution flow type microdroplet cells (Sf-MDC) are designed 
and fabricated using 3D printer. The effect of printing orientation on 3D printing parameters has also 
been elucidated to minimize the resin consumption, printing time and material wastage. The capability 
of Sf-MDC to fabricate localized surface patterns simultaneously on the specimen is explored through 
anodizing and electrodeposition processes.  
An overview of the current methods for electrochemical surface patterning using anodizing and 
electrodeposition processes is provided in Chapter 1. The purpose of the present research and its 
applications are discussed at the end of the chapter. In Chapter 2, a double capillary Sf-MDC is 
optimally fabricated using 3D printer. Anodizing with Sf-MDC is carried out at constant voltage for the 
simultaneous formation of uniform porous alumina lines. The influence of moving speed on width of 
anodized lines is studied in relation with distance between the capillary tips and the specimen. By 
adjusting the interelectrode distance inside each capillary, porous alumina lines having different pore 
diameter and thickness are simultaneously fabricated. In Chapter 3, a simplified design of 
multicapillary Sf-MDC is proposed for high-throughput local anodizing. The influence of diameter of 
capillaries, inlet flow rate and vacuum pressure on the width of anodized line is studied. Three major 
acidic electrolytes, i.e. 0.3 M H2SO4, 0.22 M (COOH)2 and 0.1 M H3PO4 are used to demonstrate the 
uniformity and nanoporous structure of the simultaneously anodized lines obtained with Sf-MDC. By 
varying the concentration of (COOH)2 electrolyte inside each inner capillary, three porous alumina 
membranes with different oxide thicknesses and pore diameters are simultaneously fabricated. In 
Chapter 4, high-throuput capabilities of Sf-MDC are utilized for 2D and 3D microprinting of metals 
using electrodeposition process. Ni-Cu-Ni metals are simultaneously electrodeposited on Cu substrate 
without any cross-mixing of solutions. The influence of increasing the temperature and moving speed 
on the height of deposit is studied. Free standing structures such as Ni microrods are simultaneously 
fabricated using the Sf-MDC. Chapter 5 concludes the thesis by summarizing the significance of 
utilizing 3D printed droplet cell technique for localized anodizing and electrodeposition process. This 
method allows fast fabrication of porous alumina membranes and metal microstructures and for a broad 
range of applications. 
 
 


