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                  In parallel to additive manufacturing leading the revolution in traditional manufacturing, by 

supplementing the weaknesses of substractive machining, so can additive manufacturing supplement 

the weaknesses of traditional thin film deposition techniques. Where lithography struggles, for 

example with rapid iterations for prototyping or incompatibility with the used chemistry, additive 

manufacturing can shine. Indeed, several approaches are in development for 3D nanopriting1,2,3.  

 

                  Atomic Layer Deposition, and in more general Atomic Layer Processing, offers a unique 

opportunity for 3D printing due to its two-step chemical reaction. While simple in theory, due to well-

developed examples of Spatial Atomic Layer Deposition (SALD), in practice minimization of SALD 

requires substantial effort into the creation of suitable micro-nozzles. Uniquely, ATLANT 3D 

Nanosystem has developed proprietary Spatial ALD micronozzles, naming the process microreactor 

Selective Area Direct Atomic Processing - µSADALPTM. 

                  The µSADALPTM process generates inherently localized deposition through the in-house 

developed microreactor. The microreactor or micronozzle confines the flows of gases used for ALD 

within a µm-scale area on the substrate, wherein the reactive species adsorb on the surface to deposit 

one monolayer of the desired material. Similarly, to spatial ALD, the creation of this monolayer then 

hinges on the movement of the substrate. 

                  Since the process is based on a physical separation, it is theoretically compatible with any 

ALD process. While some issues with high vapour pressure precursors have been identified, novel 

technical solutions are in the process of being funded, further driving the technology development. 

 

              Furthermore, the compatibility with Atomic Layer Etching, and selective Atomic Layer 

Deposition4, the µSADALPTM opens unique opportunities in the creation of novel thin-film devices, 

such as localized deposition on substrates difficult to process with traditional lithography based, such 

as UV sensitive materials, or solvent sensitive materials [Fig.1]. Secondly, sacrificial layer printing can 

be performed with matched material combinations, such as ZnO and TiO2, leading to a simple creation 

of extremely thin free-standing structures, and extremely small gaps [Fig.2]. Thirdly, a great benefit 

has been identified where large variations in film thicknesses are desired, such as in pre-programmed 

resistive switching elements. A print of 100 patterns with different thicknesses is trivial for the printer, 

while not so for lithography. 

                  In general fields such as advanced materials innovation, MEMS & sensors, RF devices 

(transparent antennas), Optics & Photonics (Optical coatings, surface modifications) and many other 

can benefit from µSADALPTM. 

                  As for now, µSADALPTM is in its development stage, with several standard ALD processes 

explored, but further research is being done in using it for Atomic Layer Etching and Molecular Layer 

Deposition, or even Atomic Layer Surface Doping (ALSD) which further opens the door for more 

processes and thus more applicability for this technology in advanced materials, functional surfaces 

and electronics design, development and manufacturing. 
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Figure 1: Localized TiO2 prints on thin flexible polystyrene foils, optical image 

Figure 2: a) SEM of crossing printed ZnO (white line, bottom) and TiO2 (black line, top) 

   b) SEM of bridge edge after ZnO removal 


