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The SILAR (Successive Ionic Layer Adsorption and Reaction) coating technique 

is a cost-effective method for depositing thin nanostructured films, critical for 
photovoltaics, sensors, and catalysis applications. However, manual SILAR systems 
face reproducibility, scalability, and precise parameter control challenges. Integrating 
accessible technologies-microcontrollers (Arduino, ESP32, Raspberry Pi), 3D printing, 
and open-source software-offers a pathway to automate and optimize SILAR processes 
while retaining affordability and adaptability for research and small-scale industrial 
use. 

A modular SILAR system could leverage Arduino or Raspberry Pi for real-time 
control of immersion cycles, temperature, and precursor solution pH. For instance, 
ESP32’s wireless capabilities enable remote monitoring of deposition parameters, 
while stepper motors driven by microcontroller code ensure consistent substrate 
movement between solutions. 3D-printed components, such as customizable reactor 
vessels, substrate holders, or flow cells, reduce costs and enable rapid prototyping. 
Open-source CAD designs and affordable FDM/Resin 3D printers allow iterative 
hardware optimization – e.g., designing chemically resistant parts from PETG or PVDF 
filaments. Machine learning algorithms (deployable on Raspberry Pi 4) could refine 
deposition cycles by analyzing film quality data from integrated optical sensors or 
impedance spectroscopy modules. 

Key advantages include scalability (from lab to pilot-scale systems), 
reproducibility via automated feedback loops, and adaptability to diverse materials 
(e.g., metal oxides, chalcogenides). Challenges remain in ensuring long-term chemical 
compatibility of 3D-printed parts and calibrating low-cost sensors for precise ionic 
concentration measurements. However, existing solutions, such as coating 3D-printed 
surfaces with inert polymers or using commercial pH/conductivity sensors, mitigate 
these limitations. 

This approach democratizes advanced thin-film fabrication, enabling resource-
limited labs to innovate in nanomaterials. By merging open-source hardware with 
SILAR’s versatility, the system accelerates research and development cycles and 
bridges the gap between academic research and industrial production. Future work 
could explore AI-driven optimization of deposition parameters or hybrid systems 
combining SILAR with spin-coating/electrodeposition modules, further expanding its 
utility in next-generation material engineering.  


