
Hardware Fabrication 
 

RGB LEDs were purchased for the purpose of this project. The lead for the green LED 
would not be required. As seen in the image below, it was removed. This was primarily to reduce 
the chances of shorts or bridges. It also provided slightly more room between the blue lead and 
ground, allowing for easier soldering. 

 
As always, safety was the priority.  

It is important to solder in a hazard free, well ventilated area, also known as the apartment kitch. 
 Before any soldering was conducted, each LED that was to be used in the array was 
tested for functionality. Then, fifteen blue wires, fifteen striped green wires, and one pale green 
wire were cut to equal length, approximately 14'. The blue wires were soldered to the blue leads 
and were ultimately connected to Player 0's board. The striped green wires were soldered to the 
red leads. For efficiency reasons, all the LEDs shared a common ground. This was accomplished 
by soldering together their ground leads using short (approximately 2-4') wires. Then, the long 
pale green wire would be the ultimate ground that would be tied to a board. 

 
 Once all of the LEDs were soldered, the solder joints were wrapped with electrical tape, 
as shown below. The electrical tape served two purposes: it prevented the LEDs from 
shorting/bridging, and kept my soldering dignity in tact. If possible, heat shrink would be a better 
choice than electrical tape for long term reliability. Each LED underwent another round of 
functionality testing, ensuring no problems occurred during the soldering process.  
 



 
 

 The next step in assembling the LED array was to choose a suitable material for housing. 
For the purposes of this project, foam board was that material. Once we had the board cut to size, 
we could get to work. Using a straight edge and a pencil, we marked the placement of the 15 
evenly across the board. Then, a center punch created the holes that allowed the LEDs to be 
inserted. Note: after the center punch, there was a lot of foam and paper that was obscuring the 
wholes. This should be cut away with an exacto knife. Once the holes were prepared, the LEDs 
were inserted from the bottom side of the board. Hot glue was applied to secure the LEDs in 
place. Enough hot glue was used to completely cover the base of each LED, once again 
protecting against bridges. 



 
How about them straight lines? Measure twice, cut once. 

 
 Now that the LEDs were secured to the board, the cables were separated and labeled. 
This step is critically important and should not be overlooked. Appropriate labeling greatly 
reduced the difficulties in programming the Basys3 boards to control the LEDs. Labeling was 
accomplished using small pieces of masking tape. The cables were sorted into bundles (either 7 
or 8 cables) to be connected to a PMOD on the board. Each bundle was heat shrinked for 
aesthetics and protection of the cables. 
 After the cables had been separated by color and labeled, the PMOD connectors were 
soldered on. With the PMOD connectors secure, small pieces of heat shrink were applied over 
what was left of the exposed leads. This ensured the connectors maintain a uniform shape and 
also prevented bridges/shorts. 



 
 

 By this point, the array is almost complete. Remaining panels of the enclosure were glued 
and sealed on. The last step was to make four additional PMOD connectors which would be used 
to connect the two boards together. These PMOD connectors were fabricated using the exact 
same process as described earlier, the only difference being there were PMOD connectors on 
both ends of the cables.  



 
 

 Now that the LED array is complete, it is able to be connected to the Basys3 board. 
Simple continuity tests were conducted to ensure that all cables were in the correct order and 
pinned to the appropriate PMOD. The digital logic, as described previously, was now written in 
VHDL via Vivado and programmed to the boards. Though it was initially attempted to have 
logical symmetry across the boards, this ultimately proved impossible. The programming is very 
similar, but certain commands needed to be inverted, and each board has a distinct constraints 
file.  
 Several hours and many a curse word later, the game is complete. The end result is a fully 
functioning 3x5 connect-three game, implemented across two Basys3 boards.  
 



 
 

 





	


