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 A low-cost spin coater with a wireless remote system that can deposit thin 
films of uniform thickness and quality at a significantly lower cost than 

traditional methods. The system consists of three main parts, a motorized 

spindle, a spin-coating head, and a control system connected to the network. 

The mechanical design on the mechanical part, spin coater system design with 
ESP32, and implementation of wireless control through visual basic. The 

network-enabled control system allows for real-time monitoring and 

adjustment of the deposition process, which can improve efficiency and 

reproducibility. This low-cost spin coating system represents a promising 
solution for organizations seeking to access thin film deposition technology at 

a fraction of the cost of traditional systems.  By integrating wireless IoT 

control into low-cost spin coaters, the impact of this technology on coating 

uniformity will provide valuable insights for future advancements in this field. 
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1. INTRODUCTION 

A spin coater plays a crucial role in applying thin films to substrates. By rotating the substrate at 

various speeds, the coating material is uniformly spread, creating films of the desired thickness [1]. In 1958, 

Emsile et. al. developed the first spin-coating model, laying the foundation for subsequent advancements and 

becoming fundamental for developing spin coater with more specifications, features, and complicated models 

in the future [2]. This project focuses on the development of a cost-effective spin-coating machine utilizing 

affordable electronic components and open-source technology, with an emphasis on incorporating internet of 

things (IoT) capabilities [3].  

The spin-coating machine integrates various sensors, such as lid closure and balancing along with IoT 

technology to record procedure histories, manage recipes on a cloud database, and provide real-time monitoring 

with cautionary alerts for user actions [4]. The hardware components include ESP, ESC 32, brushless motor, 

and read sensor, while software tools like Visual Basic Studio, Arduino IDE, and OneDrive cloud are employed 

in the project. The resultant spin coater offers a variable spin speed ranging from 300 to 5,000 rpm, controllable 

through a user-friendly touchscreen interface [5]. 

https://creativecommons.org/licenses/by-sa/4.0/
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In addition to its critical role in semiconductor manufacturing, spin coating holds particular 

importance in the application of thin films, including cutting-edge materials like perovskites [6], [7]. Thin 

films, characterized by their nanoscale thickness, find widespread application in various fields, from electronics 

to optics. The ability of spin coaters to precisely deposit these thin films onto substrates makes them 

indispensable in the development of advanced technologies [8], [9]. It uses centrifugal force to spread coating 

material from the center to the edges.  

The process involves four key steps. Figure 1 shows the process which is depositing the  

solution onto the substrate, accelerating the spin, allowing the solution to spread evenly, and drying it with 

generated airflow [10]. This straightforward batch process underscores the essential role of spin coating in 

achieving uniform thin film coatings on semiconductor substrates. Notably, in instances where the substrate's 

topography lacks uniformity, non-volatile solids undergo redistribution over topographical features through 

convection diffusion [11]. 

Perovskite materials, with their unique crystalline structure and remarkable optoelectronic properties, 

have gained prominence in recent years for applications in solar cells, light-emitting diodes (LEDs), and other 

emerging technologies [12]. The uniformity and precision achieved through spin coating play a pivotal role in 

the fabrication of perovskite thin films, ensuring optimal device performance. As shown in Figure 2, the 

simplicity of the spin coating process aligns well with the delicate nature of perovskite deposition, contributing 

to the reproducibility and efficiency of manufacturing processes [13], [14]. 

 

 

 
 

Figure 1. Procedure of spin coating process [10] 

 

 

 
 

Figure 2. Process of perovskite deposition by using spin coating 

 

 

This project develops an affordable spin-coating machine for precise thin film deposition. It caters to 

semiconductor manufacturing and addresses the need for versatile coating in advanced materials like 

perovskites. Using affordable electronics and open-source tech, the spin coater aims to democratize access to 

thin film innovation. The addition of IoT capabilities allows real-time monitoring, alerts, and data-driven 

optimization, especially beneficial for sensitive materials like perovskites. The cloud-based  

system ensures easy adaptation to evolving thin film requirements, including those specific to perovskite 

applications [15], [16]. 
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2. METHOD 

2.1.  Mechanical design 

The design of the spin coater system closely mirrors the standard spin coating system, with 

preliminary research conducted on the parameters and boundaries of a typical spin coating system to inform 

the conceptual design [17]. The criteria for a well-designed spin coating system include a robust structure, 

stability, water resistance, durability, and a marketable design. To realize the design, Autodesk Fusion 360, a 

commercial CAD software, was employed for modeling the 3D printed parts of the spin coater. Ultimaker Cura 

4.0 Slicer was then used to generate the Gcode file from the STL file format. The build instruction details the 

print orientation, infill percentage, and layer height. All parts were 3D printed using a Creality Ender 3 v2 with 

a 0.2 mm nozzle, utilizing polylactic acid (PLA) filament with a 1.75 mm diameter at the manufacturer's 

recommended temperature. The model of the spin coater design is shown in Figure 3. 

Our spin coater's design takes inspiration from the industry, particularly the vacuum-free Ossila Spin 

Coater, chosen for its convenience [18]. This design meets industry standards, aiming to improve thin film 

quality without the need for vacuum pumps. The 3D model design focuses on key components like the spill-

resistant spin vase, protective casing, and substrate holder shown in Figure 4. The spin coater is designed to 

prevent spillage of the coating material during rotation, ensuring a clean and precise application process as 

shown in Figure 4(a). The protective casing in Figure 4(b) adds an extra layer of safety, shielding the user from 

any potential hazards. The substrate holder in Figure 4(c) is adjustable, allowing for different sizes and types 

of substrates to be securely held in place during the coating process. These features combine to create a reliable 

and efficient spin coater that can easily integrate into existing laboratory setups. The spin vase as shown in 

Figure 4(d) prevents spills during coating, accommodating a 15 mm wafer and allowing easy cleaning after 3D 

printing. The square-shaped casing (140 mm x 200 mm x 80 mm) shields electronic components, including the 

motor unit. The substrate holder, linked to the motor shaft, secures substrates using friction and centrifugal 

force, with three indentations for different substrate sizes. 

 

 

 
 

Figure 3. Spin coater designed in autodesk fusion 360 
 

 

  
(a) (b) 

  

  
(c) (d) 

 

Figure 4. The 3D model design of the spin coater includes; (a) base holder, (b) protective casing, (c) substrate 

holder, and (d) spill-resistant spin vase 
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The 3D design process, conducted using Autodesk Fusion 360, involves sketching, extruding, and 

modifying to enhance functionality and aesthetics [19], [20]. Ultimaker Cura 4.0 Slicer is employed to convert 

the STL file into Gcode instructions for 3D printing. The 3D printing process, executed using the Creality 

Ender 3 V2 printer, includes calibration for accuracy and addresses common failure factors. Post-processing 

completes the 3D printing process by removing supports and refining the model's surface through specific 

coatings or polishing, resulting in a fully assembled and functional spin coater model. This seamless integration 

of 3D design and printing underscores the efficiency and precision achievable in the manufacturing process 

the model as shown in Figure 5. 

 

 

 
 

Figure 5. The complete 3D model 

 

 

2.2.  Spin coater system design 

The development of a low-cost spin coater system commenced without the integration of IoT to ensure 

the individual functionality of each component [21]. The primary objective was to establish a robust system 

capable of maintaining the consistency of thin film outcomes in each coating process [22]. The designed spin 

coater system followed a well-defined flowchart, depicted in Figure 6. This initial design phase focused on 

optimizing the mechanical and operational aspects of the spin coater, laying the foundation for subsequent IoT 

implementation. The deliberate step-by-step approach aimed to guarantee the reliability and effectiveness of 

the spin coater system before introducing IoT elements to enhance functionality and connectivity. By ensuring 

the mechanical and operational aspects of the spin coater were optimized, potential issues and inconsistencies 

were minimized. This not only provided a solid base for the subsequent IoT implementation but also ensured 

the reliability and effectiveness of the spin coater system. The deliberate step-by-step approach allowed for 

thorough testing and fine-tuning, guaranteeing that the system was robust and capable of delivering consistent 

thin film outcomes. The introduction of IoT elements would further enhance the spin coater's functionality and 

connectivity, ultimately improving its overall performance. 

The architecture of the spin coater system is depicted in Figure 7 through a block diagram and circuit 

representation. The block diagram illustrates the key components, such as the power supply, programmable 

logic controller (PLC), motor controller, and the spin coater itself, along with their interconnections [23]. The 

circuit diagram provides a more detailed view of the electrical connections, outlining inputs and outputs for 

each component. By incorporating IoT elements into the spin coater system, it can be connected to the internet 

and communicate with other devices and systems [24]. This connectivity enables remote monitoring and 

control of the spin coater, allowing operators to manage and adjust its settings from anywhere. Additionally, 

IoT integration can provide real-time data collection and analysis, facilitating predictive maintenance and 

optimizing the performance of the spin coater. Overall, the introduction of IoT elements not only enhances the 

spin coater's functionality but also opens up new possibilities for automation and process optimization in 

various industries. 

Together, these visuals offer insight into the structured operation of the spin coater system, 

showcasing how different parts collaborate to achieve the desired spinning motion. Crucial components 

integrated into the system include a power regulator, touch-screen LCD, electronic speed controller (ESC), 

brushless motor, microcontroller, and various sensors. This thoughtful integration ensures a well-coordinated 

and efficient operation of the spin coater system, forming the basis for successful implementation and future 

enhancements, particularly with the incorporation of IoT technology [25]. For example, through visuals, one 
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can observe how the power regulator controls the voltage supplied to the brushless motor, determining the 

spinning speed of the coater. The touch-screen LCD allows users to input specific parameters and monitor real-

time data such as rotation speed and coating thickness. Additionally, sensors integrated into the system provide 

feedback on variables like temperature and viscosity, allowing for precise adjustments and optimization of the 

coating process. With IoT technology, these components could be connected to a network, enabling remote 

monitoring and control of the coating process. This would allow operators to manage and adjust the parameters 

from anywhere, increasing efficiency and reducing the need for constant physical presence. Furthermore, the 

connectivity provided by IoT technology would enable data collection and analysis, facilitating predictive 

maintenance and identifying potential issues before they lead to downtime. 

 

 

 
 

Figure 6. Flowchart of the operational system of a spin coater 

 

 

  
 

Figure 7. Spin coater system block diagram and circuit 
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The spin coating process relies on specific specifications and parameters to ensure a consistent and 

precise coating on a substrate [26], [27]. Table 1 outlines key factors such as rotation speed, acceleration, and 

spin cycle duration, which significantly influence coating thickness, uniformity, and overall quality. Adhering 

to these specifications is vital for optimal results in diverse applications, including microelectronics, thin film 

deposition, and photoresist coating. The rotation speed dictates the centrifugal force, ensuring even coating 

distribution. Acceleration controls the speed build up, minimizing the risk of uneven distribution. The spin 

cycle duration determines how long the coating material spreads and adheres, impacting coating thickness and 

quality. Following these specifications is critical in industries where precise and consistent coatings are 

essential for optimal performance and reliability. It ensures that the desired level of coating is achieved and 

maintained throughout the entire process. 

 

 

Table 1. Spin coater specifications 
Spin coater Specifications 

Coat speed 300 RPM - 5000 RPM 

Coat time  1 sec – 80 sec 

Power supply 12 V DC – 3A 

 

 

The construction of the spin coater circuit was meticulously executed, referencing the block diagram 

depicted in Figure 7. The resulting circuit configuration is illustrated in Figure 8, showcasing a well -connected 

and integrated system. The spin coater has been controlled by the ESP32 microcontroller. ESP32 received 

multiple inputs including the reed sensor and input from the user interface. The ESP32 will produce a specific 

output according to the inputs received. The communication and instructions between input, output, and 

microcontroller have been programmed with Arduino IDE Power has been successfully supplied to the entire 

circuit, with each component receiving power, as indicated by the illumination of their respective onboard 

LEDs. Notably, the reed sensor's LEDs demonstrated dual illumination, one indicating the module's power-up 

and the other confirming the presence of a magnet. The brushless motor, crucial for the spin coater's operation, 

emitted a beep sound, serving as a clear indicator of its activation.  

 

 

 
 

Figure 8. The complete circuit of the spin coater model 

 

 

This systematic approach, including the verification of LED activations and sound signals, was 

implemented to ensure the individual functionality of each component. The microcontroller, an ESP32, 

received power from the ESC, solidifying the robust power supply across the entire circuit. This step-by-step 

validation process guarantees the reliability and effectiveness of the spin coater system, setting the stage for 

further testing and refinement. 

 

2.3.  Internet of things (IoT) implementation 

The spin coater's flowchart, featuring remote control implementation was depicted in Figure 9. 

Notable enhancements to the system encompass remote control capabilities, database interaction for reading 

coating process recipes and storing coating history. The coating parameters, namely coat time and speed, form 

the recipe and history entries stored in the database. These additional features empower operators to remotely 

control the spin coater via the network, accessing the database for crucial coating parameters. This integrated 
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approach enhances the versatility and accessibility of the spin coater system, providing operators with advanced 

control and data management capabilities [18]. 

The integration of the IoT into the spin coater system has been successfully realized through the use 

of visual basic (VB) as the communication platform [28]. VB, a programming language known for its graphical 

user interface (GUI), serves as the foundation for facilitating communication with the spin coater over the 

network. The VB programming interface, displayed in Figure 10, features a user-friendly GUI at the center 

window, providing an intuitive and interactive environment for seamless interaction with the spin coater system 

over the network. A GUI was programmed for the operator to control the spin coater over the Internet. Features 

provided by the GUI include connection to ESP32's IP address, display connection status, spin coater status, 

input coating parameter, input coating substrate, and load recipe. 

 

 

 
 

Figure 9. Flowchart for spin coater system with remote control 

 

 

 
 

Figure 10. The interface of VB programming 

 

 

3. RESULTS AND DISCUSSION 

The spin coater system has been developed by referring to the block diagram and circuit, as shown in 

Figure 7. Two graphical GUIs are available for the spin coater. One is the touch-screen LCD attached to the 

spin coater, while VB GUI was the alternative option for IoT control. The minimum and maximum values of 

parameters have been configured at both GUI as shown in Figure 11. The minimum coat speed was 300 rpm 

with a minimum time of 1 second. Conversely, the maximum speed was 5000 rpm with a maximum coat time 

of 80 seconds. These parameters met the specifications set in Table 1. 
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More advanced coating parameters, such as ramp-up and ramp-down durations, can be set to the 

touch-screen interface. Figure 12 shows the more advanced parameter configuration for the touch-screen LCD 

interface. This configuration allows for more precise control over the coating process and ensures consistent 

results. Additionally, the touch-screen interface allows for easy adjustment and monitoring of the parameters 

during operation. With the advanced parameter configuration, operators can optimize the coating process for 

different materials and achieve superior quality and efficiency. 

 

 

 
 

Figure 11. User interface with setup parameters 

 

 

 
 

Figure 12. Advance parameter configuration 

 

 

Furthermore, the touch-screen interface offers a user-friendly experience, making it effortless for 

operators to navigate through various settings and adjust as needed. This level of control is crucial in achieving 

optimal coating thickness, uniformity, and adhesion strength. The ability to fine-tune parameters during 

operation ensures that any deviations or variations in the coating process can be quickly addressed, resulting 

in consistent and reliable outcomes. Additionally, the touch-screen interface provides real-time monitoring of 

critical parameters such as temperature, pressure, and speed, allowing operators to promptly identify any 

anomalies and take corrective actions. 

Two primary functionalities have been implemented for cloud storage: loading recipes and storing log 

files. Recipes, representing pre-set parameters like coat speed and coat time, are saved in a text file format 

following industrial standards. Figure 13 illustrates the VB GUI with "Recipe 3" loaded, where the loaded 

parameters (20 for coat time and 2,500 for coating speed) align with the stored recipe file. When the coating 

process initiates, a notification prompts the user to save the parameters to the cloud database. These coating 

parameters are then stored in a log file in text format, creating a comprehensive coating history. Figure 13 

displays a list of coating history entries in the log file, capturing essential data such as coating speed, coating 

time, and coating substrate. This integration ensures efficient data tracking and retrieval, enhancing the spin 

coater system's overall functionality. 
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Figure 13. Notification for storing parameter to cloud 
 

 

4. CONCLUSION 

In conclusion, our project fulfilled objectives in terms of design, performance, and accessibility in 

addition to providing the essential demand for an affordable spin coater system. A robust mechanical 

framework that was 3D printed, an effective ESP32 microprocessor and an intuitive touch-screen interface 

were combined in a novel way to create a spin coater system that is highly precise and consistently functioning 

when applying thin layer deposition on a variety of substrates. The mechanical design that is produced by 3D 

printing is not only highly resilient but also cost-efficient, which makes it an appropriate match for a wide 

range of materials science applications. The overall reliability of the system was enhanced by the essential and 

precise control that the ESP32 microcontroller provided over spin duration and speed. A user-friendly touch-

screen interface improves operability for researchers and technicians by enabling seamless adjustments to 

deposition parameters as needed. This device effectively meets the scientific community's need for an 

affordable and efficient spin coater. Furthermore, the brushless DC electric motor ensures outstanding coating 

while using minimal noise and power, satisfying performance criteria while prioritizing user comfort. Safety 

concerns are addressed by safety considerations such as the 3D-printed outer shell and emergency features, 

emphasizing the well-rounded nature of our design. Our spin coater system, featuring IoT capabilities, enables 

real-time monitoring and precise control, developing thin film deposition to a new level of sophistication. This 

spin coating technology, positioned as a low-cost option, shows tremendous promise in furthering research, 

stimulating innovation, and finding applications across diverse sectors in the dynamic field of thin film 

deposition. Our initiative demonstrates the ground-breaking potential of accessible technology in influencing 

the future of scientific research. 
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