
Without the technical difficulties, the thermocycler would have been 
verified through a full PCR DNA replication process and a gel 
electrophoresis analysis to visually validate the machine’s functionality. 

After mechanical engineering of the project was completed, the PCB 
(Figure 4) and all the electrical components were assembled in the 
acrylic box with the rest of the thermocycler, as seen in Figure 5 and 6. 
After the assembly was finished, the thermocycler was verified using 
the built-in display’s live temperature
feedback and a stopwatch. Due to 
COVID-19, an in-depth verification 
nor validation could not be done 
without access to certain lab 
equipments, such as an oscilloscope.
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Materials and Methods (cont.)
With the individual parts tested, the PCB schematic and board 

(Figure 2 & 3, respectively) was created in Autodesk Eagle by 
referencing specifications from the breadboard testing. After the PCB 
was produced, further tests were done to develop the functionality of 
the machine, such as finalizing the serial communication protocol to 
receive the user parameters from a computer and completing the PID 
code to ensure accurate temperatures. External electrical components 
were wired up to the PCB using Molex KK connectors for ease of 
installation and potential replacement. A 120W 12V external power 
supply was purchased to power the device. Finally, everything was put 
together in a master code to combine all functionalities of the test codes 
and run the inputted data to properly conduct the PCR process. 

Results

Conclusions 
Although the project did not come together fully in the way it was 

intended, the three-part project was able to meet its objectives in 
reverse-engineering a thermocycler for a total cost of around $155. 
While the project was not fully validated, multiple at-home tests 
strongly suggest that the machine works as intended. In future projects, 
one could attempt to revise the PCB to include a second temperature 
sensor to better implement the lid heater and improve the PID code 
stability to improve temperature control. Furthermore, the functionality 
of the project could be improved with the use of more appropriate 
components and develop a method to locally set test parameters directly 
on the machine to improve simplicity and accessibility. Although the 
project was not without flaws and shortcomings, many students will be 
able to learn about the PCR process and develop their skills as a future 
contributor to the advancement of the medical field and beyond.

Results (cont.)Introduction
With the COVID-19 pandemic that struck the whole globe, the 

accessibility, accuracy, and the availability of tests are among the 
biggest concerns. Despite the disease being relatively new and 
unknown, many countries, such as South Korea, have managed to 
achieve accurate, rapid tests while making it affordable and readily 
available. While it is not the only thing, one of the biggest reasons why 
this was possible was due to the tests being PCR (Polymerase Chain 
Reaction) based, which allowed it to be rapid, accurate, and localized, 
since it utilizes direct detection through DNA replication (Yang & 
Rothman). Outside of COVID-19, PCR has proven itself in other viral 
outbreaks such as the Ebola epidemic and the Zika epidemic and 
promises to be the future of medical diagnosis (González-González, et 
al.). This project aims to reverse-engineer a preexisting PCR machine 
solution, the miniPCR (Figure 1), to be more cost effective so that it can 
be used in a high school classroom setting. The miniPCR system was 
divided into three subsystems, which is the computer user interface, 
used for programming the device, the mechanical PCR machine, which 
holds all the components, and the Arduino microcontroller control code 
along with the Printed Circuit Board (PCB). This poster focuses on the 
Arduino code and the development of the PCB for the wiring and 
connections of electrical parts. It expected that, when the three-part 
project is put together, the custom PCR machine will produce 
comparable results to that of the 
miniPCR while being suitable for 
educational use and cost-effective.

Materials and Methods
ReferencesFor the development of the project, the work was divided into 3 

stages. First, all the various components and the features of the machine 
were tested on a breadboard individually along with the codes to run 
them with the Arduino Nano. Parts that were tested included heaters, 
fans, TIP 120 transistors, thermistors to measure temperature, and more. 
Other features of the circuit was also tested, which included the OLED 
info display, PID temperature control, serial communication, thermistor 
temperature calibration, and the voltage reference circuit. 
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Figure 1: Shows the miniPCR, a 
relatively low-cost and compact solution 
for remote-location use or non-
laboratory settings. The miniPCR has 
been validified in disease outbreaks in 
remote location use and even on the 
International Space Station. 

Figure 3 (left): Shows the PCB board 
diagram that depicts what the PCB will 
look like when manufactured in their 
relative size and location, along with their 
electrical connections. 

Figure 4 (right): The final produced 
PCB with the OLED screen attached. 
Shown is the back side where the 
buttons for navigation is located.

Figure 2 (right): Shows the 
Autodesk Eagle schematic 
diagram detailing each electrical 
component and their connections 
to be made on the PCB. 

Figure 5 (below): Seen below is the 
user interface side with the power/data 
connections and the power switch. 

Figure 6 (below): Seen below is the 
loading side with the aluminum block 
visible, opposite of the user interface.


