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Overview and Background 
When working with computer hardware, data often has to be moved from one location to another. This 

can be between two different chips or between a computer and a FPGA board. Serial communication is 

a way to send data one bit at a time, that is you are sending the bits in serial. There are different types 

of serial communication. Three of the most common are I2C, SPI, and UART.  

The purpose of this assignment is to implement a UART on the DE10-Lite board for use of serial 

communications with your computer via a USB to serial adapter. 

 
Figure 1, example of communication methods implemented with a Raspberry Pi (RPi)  

(Source: https://www.mbtechworks.com/hardware/raspberry-pi-UART-SPI-I2C.html) 

A universal asynchronous receiver-transmitter (UART) is a computer hardware device that is used for 

asynchronous serial communication. Asynchronous serial communication does not have a dedicated 

clock signal and instead uses start and stop bits to indicate data messages. Data messages are sent at a 

specific rate known as the baud rate, that is the number of bits per second. UART uses 2 pins for 

communication, Tx and Rx, and shares a common GND. (Tx: Transmitter. Rx: Receiver). 

 
Figure 2, UART bit sequence example.  

(Source: https://www.allaboutcircuits.com/technical-articles/back-to-basics-the-universal-asynchronous-receiver-transmitter-uart/)  

USB Adapter and GPIO Pins 
Be careful when using the USB adapter and the GPIO pins. Plugging things in incorrectly can damage 

your FPGA board, the USB adapter, or potentially your computer. 

The USB adapter has jumpers to ensure that it is operating at the correct voltage level, make sure that 

the pins marked 3v3 are the pins that are jumpered together. The USB adapter should be in the package 

in this configuration so you should not have to change anything, but double check. 

https://www.mbtechworks.com/hardware/raspberry-pi-UART-SPI-I2C.html
https://www.allaboutcircuits.com/technical-articles/back-to-basics-the-universal-asynchronous-receiver-transmitter-uart/
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Figure 3, GPIO Pins on DE10-Lite. (Source: DE10-Lite_User_Manual.pdf on Canvas)  

We will be using GPIO[0], GPIO[1], and GND. These pins are highlighted in Figure 3. 

Assignment 
Implement a UART with baud rate 9600 on your DE10-Lite board and interface to your computer via 

PuTTY (more information about PuTTY provided in later pages). This UART should be capable of 

transmitting and receiving characters. The transmitted characters will originate from the onboard 

switches while the received characters will be display on two of the 7-segment displays. The transmitted 

characters should be shown in hexadecimal, you do not need to decode the ASCII characters. 

• Use SW[7:0] to load your 8-bits to transmit. Display the hex value of these bits on HEX1 and 

HEX0. 

• Display a hex value of the received data bits from your computer on HEX5 and HEX4. 

• Use KEY0 as a synchronous reset. 

• When you press KEY1 it should transmit one group of data bits. That is, the start bit, the 8 data 

bits, and the stop bit. 

• Use GPIO Pin 0 as a Tx pin from your FPGA device. This would then be plugged into the Rx pin of 

your USB adapter. 

• Use GPIO Pin 1 as a Rx pin for your FPGA device. This would then be plugged into the Tx pin of 

your USB adapter. 

Write a testbench to test the transmit section of your UART module. 
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Use an ASCII table to verify that your UART can transmit and receive as expected while interfaced with 

PuTTY. For example, the capital letter A has a hexadecimal value of 8’h41. 

The recommended architecture is shown below, implement baud rate to send/receive the bits at the 

appropriate rate with a delay feature similar to the counters used in previous labs (hint: count down 

instead of up).  

Make sure that you do not introduce a clock other than the FPGA’s CLOCK_50 to the design as this can 

cause timing issues and result in metastability. 

 

 
Figure 4, example UART architecture. (Source: https://en.wikipedia.org/wiki/File:UART_block_diagram.svg) 

Clock 

https://en.wikipedia.org/wiki/File:UART_block_diagram.svg
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Figure 5, ASCII Table. (Source: https://www.asciitable.com/)  

Deliverables 
Submit the following to Canvas: 

• Your Verilog code for the UART 

• Your Verilog code for the testbench 

• A screenshot showing a portion of the ModelSim simulation that you used to verify the transmit 

portion of your code 

• A video displaying your FPGA board after receiving: Hello FPGA!  

• A screenshot of your PuTTY window after sending: Hello! 

Late Policy: 

Less than 1 Day late: ‐5/100 points deducted 

Between 1 and 2 Days late: ‐10/100 points deducted 

Between 2 and 3 Days late: ‐20/100 points deducted 

Between 3 and 4 Days late: ‐40/100 points deducted 

More than 4 Days late: Not accepted 

Useful Information 
• DE10-Lite User Manual: on Canvas 

o Refer to section 3.5 for information on GPIO pins 

• Basics of UART Communication: https://www.allaboutcircuits.com/technical-articles/back-to-

basics-the-universal-asynchronous-receiver-transmitter-uart/   

https://www.asciitable.com/
https://www.allaboutcircuits.com/technical-articles/back-to-basics-the-universal-asynchronous-receiver-transmitter-uart/
https://www.allaboutcircuits.com/technical-articles/back-to-basics-the-universal-asynchronous-receiver-transmitter-uart/
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• Additional UART information: https://en.wikipedia.org/wiki/Universal_asynchronous_receiver-

transmitter  

• UART Baud rate information: https://www.allaboutcircuits.com/technical-articles/the-uart-

baud-rate-clock-how-accurate-does-it-need-to-be/  

• UART From Scratch on a breadboard: https://www.youtube.com/watch?v=aE5VTp_eMN4  

• ASCII: https://en.wikipedia.org/wiki/ASCII  

Guide to using PuTTY and the USB UART adapter 
Important note: If you have an active PuTTY window open, you will not be able to upload new code to 

your FPGA board. Close the PuTTY window and if that doesn’t work, unplug the USB UART device. This 

issue is related to the USB drivers for the adapter and the programmer. 

• Use the one of the following guides that is appropriate for your device to install PuTTY: 

o Windows: https://www.ssh.com/academy/ssh/putty/windows/install  

o Mac: https://www.ssh.com/academy/ssh/putty/mac  

o Linux: https://www.ssh.com/academy/ssh/putty/linux  

• Plug in the USB UART adapter 

• Finding the serial port for the USB device 

o Windows 

▪ Open up device manager and check which serial port the USB device is listed as 

•  
o Mac 

▪ Open terminal and type: ls /dev/* 

▪ Note the port number listed for /dev/tty.usbmodem* or /dev/tty.usbserial* 

▪ The port number is represented with * here. 

o Linux 

▪ Open terminal and type: ls /dev/tty* 

▪ Note the port number listed for /dev/ttyUSB* or /dev/ttyACM* 

▪ The port number is represented with * here. 

https://en.wikipedia.org/wiki/Universal_asynchronous_receiver-transmitter
https://en.wikipedia.org/wiki/Universal_asynchronous_receiver-transmitter
https://www.allaboutcircuits.com/technical-articles/the-uart-baud-rate-clock-how-accurate-does-it-need-to-be/
https://www.allaboutcircuits.com/technical-articles/the-uart-baud-rate-clock-how-accurate-does-it-need-to-be/
https://www.youtube.com/watch?v=aE5VTp_eMN4
https://en.wikipedia.org/wiki/ASCII
https://www.ssh.com/academy/ssh/putty/windows/install
https://www.ssh.com/academy/ssh/putty/mac
https://www.ssh.com/academy/ssh/putty/linux
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• Open PuTTY and change the session from SSH to Serial 

•  
• Change to the serial tab and perform the following changes so that your window matches the 

screenshot (your serial port may be different) 

o Change the serial line to the correct one 

o Change the speed (baud) to 9600 

o Turn off flow control 

o  
• Click open and PuTTY will open a new window like the blank one below 
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o  
• Currently, if you type nothing with happen in the PuTTY window 

• Connect the RX and the TX pins on the USB device together with a jumper wire 

• Now if you type, the result will be echoed back to the PuTTY window 

o  
• You can save these settings to load later: 
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o  


