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LAB 5 TUTORIAL 
VHDL FOR COMBINATORIAL CIRCUITS AND STORAGE ELEMENTS 

OVERVIEW 

 In this lab we will Use VHDL code to construct combinatorial circuits and circuits with basic 

storage elements: 

1. Mux2to1 (2-to-1 Multiplexer). 

2. Decode (2-to-4 Decoder). 

3. Encod (Priority Encoder). 

4. Johns (Johnson Counter). 

5. muxModified (4-to-1 Multiplexer). 

6. decodModified (3-to-8 Decoder). 
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PROCEDURE 

1. Mux2to1 (2-to-1 Multiplexer) 

 Please follow the following instructions to implement the (2-to-1 Multiplexer): 

1. Create a new folder “Lab5” in your “BME328” folder. 

2. Create a new folder “Mux2to1” in your “Lab5” folder. 

3. Open the Quartus II software, and using the new project wizard, create a new project 

“Mux2to1” in your “Mux2to1” folder. 

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE 

PROJECT WIZARD. 

4. Create a new VHDL file in your “Mux2to1” project (File > New > VHDL File). 

5. Type the following in the Text Editor and save file as “Mux2to1.vhd”: 
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 6. Set “Mux2to1.vhd” as the top-level entity. You can do this by right-clicking on 

“MUX2to1.vhd” in the “Files” section of the project navigator (located at the right of 

your Quartus II window) and selecting “Set at Top-Level Entity”. 

7. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

8. Create a symbol for your “Mux2to1.vhd” file. You can do this by right clicking on 

“Mux2to1.vhd” in the “Files” section of the project navigator (located at the left of 

your Quartus II window) and selecting “Create Symbol Files for Current File”.  

9. Create a new University Program VWF (File > New > University Program VWF). 

10. Simulate “Mux2to1.vhd” and make sure that your simulation results match the results 

shown below. 

11. Save the VWF file as “Mux2to1.vwf” in your “Mux2to1” folder and take screenshots 

of your code and your simulation results. 

 

 

 

  



MOUSA AL-QAWASMI 
 

BME 328 – DIGITAL SYSTEMS (FALL 2020) 
 

  

   
4 

 

2. Decode (2-to-4 Decoder) 

 Please follow the following instructions to implement the 2-to-4 Decoder: 

1. Create a new folder “dec2to4” in your “Lab5” folder. 

2. Open the Quartus II software, and using the new project wizard, create a new project 

“dec2to4” in your “dec2to4” folder. 

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE 

PROJECT WIZARD. 

3. Create a new VHDL file in your “dec2to4” project (File > New > VHDL File). 

4. Type the following in the Text Editor and save file as “dec2to4.vhd”: 
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 5. Set “dec2to4.vhd” as the top-level entity. You can do this by right-clicking on 

“dec2to4.vhd” in the “Files” section of the project navigator (located at the right of 

your Quartus II window) and selecting “Set at Top-Level Entity”. 

6. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

7. Create a symbol for your “dec2to4.vhd” file. You can do this by right clicking on 

“dec2to4.vhd” in the “Files” section of the project navigator (located at the left of your 

Quartus II window) and selecting “Create Symbol Files for Current File”.  

8. Create a new University Program VWF (File > New > University Program VWF). 

9. Simulate “dec2to4.vhd” and make sure that your simulation results match the results 

shown below. 

10. Save the VWF file as “dec2to4.vwf” in your “dec2to4” folder and take screenshots of 

your code and your simulation results. 
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3. Encod (Priority Encoder) 

 Please follow the following instructions to implement the Priority Encoder: 

1. Create a new folder “encod” in your “Lab5” folder. 

2. Open the Quartus II software, and using the new project wizard, create a new project 

“encod” in your “encod” folder. 

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE 

PROJECT WIZARD. 

3. Create a new VHDL file in your “encod” project (File > New > VHDL File). 

4. Type the following in the Text Editor and save file as “encod.vhd”: 
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 5. Set “encod.vhd” as the top-level entity. You can do this by right-clicking on 

“encod.vhd” in the “Files” section of the project navigator (located at the right of your 

Quartus II window) and selecting “Set at Top-Level Entity”. 

6. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

7. Create a symbol for your “encod.vhd” file. You can do this by right clicking on 

“encod.vhd” in the “Files” section of the project navigator (located at the left of your 

Quartus II window) and selecting “Create Symbol Files for Current File”.  

8. Create a new University Program VWF (File > New > University Program VWF). 

9. Simulate “encod.vhd” and make sure that your simulation results match the results 

shown below. 

10. Save the VWF file as “encod.vwf” in your “encod” folder and take screenshots of 

your code and your simulation results. 
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4. Johns (Johnson Counter) 

 Please follow the following instructions to implement the Priority Encoder: 

1. Create a new folder “johns” in your “Lab5” folder. 

2. Open the Quartus II software, and using the new project wizard, create a new project 

“johns” in your “johns” folder. 

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE 

PROJECT WIZARD. 

3. Create a new VHDL file in your “johns” project (File > New > VHDL File). 

4. Type the following in the Text Editor and save file as “johns”: 
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 5. Set “johns.vhd” as the top-level entity. You can do this by right-clicking on “johns.vhd” 

in the “Files” section of the project navigator (located at the right of your Quartus II 

window) and selecting “Set at Top-Level Entity”. 

6. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

7. Create a symbol for your “johns.vhd” file. You can do this by right clicking on 

“johns.vhd” in the “Files” section of the project navigator (located at the left of your 

Quartus II window) and selecting “Create Symbol Files for Current File”.  

8. Create a new University Program VWF (File > New > University Program VWF). 

9. Simulate “johns.vhd” and make sure that your simulation results match the results 

shown below. 

10. Save the VWF file as “johns.vwf” in your “johns” folder and take screenshots of your 

code and your simulation results. 
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5. muxModified (4-to-1 Multiplexer) 

 Please follow the following instructions to implement the 4-to-1 Multiplexer: 

1. Create a new folder “muxModified” in your “Lab5” folder. 

2. Open the Quartus II software, and using the new project wizard, create a new project 

“muxModified” in your “muxModified” folder. 

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE 

PROJECT WIZARD. 

3. Open “mux2to1.vhd” that you created earlier. SAVE “mux2to1.vhd” AS 

“mux2to1.vhd” IN YOUR “muxModified” FOLDER. 

4. Set “mux2to1.vhd” as the top-level entity. You can do this by right-clicking on 

“mux2to1.vhd” in the “Files” section of the project navigator (located at the right of 

your Quartus II window) and selecting “Set at Top-Level Entity”. 

5. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

6. Create a symbol for your “mux2to1.vhd” file. You can do this by right clicking on 

“mux2to1.vhd” in the “Files” section of the project navigator (located at the left of 

your Quartus II window) and selecting “Create Symbol Files for Current File”.  

7. Create a new Block Diagram File in your “muxModified” project (File > New > Block 

Diagram/Schematic File). 

8. Connect the components as follows: 
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 9. Set “muxModified.bdf” as the top-level entity. You can do this by right-clicking on 

“muxModified.bdf” in the “Files” section of the project navigator (located at the right 

of your Quartus II window) and selecting “Set at Top-Level Entity”. 

10. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

11. Create a symbol for your “muxModified.bdf” file. You can do this by right clicking on 

“muxModified.bdf” in the “Files” section of the project navigator (located at the left of 

your Quartus II window) and selecting “Create Symbol Files for Current File”.  

12. Create a new University Program VWF (File > New > University Program VWF). 

13. Simulate “muxModified.bdf” and make sure that your simulation results match the 

results shown below. 

14. Save the VWF file as “muxModified.vwf” in your “muxModified” folder and take 

screenshots of your code and your simulation results. 
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6. decodModified (3-to-8 Decoder) 

 Please follow the following instructions to implement the 3-to-8 Decoder: 

1. Create a new folder “decodModified” in your “Lab5” folder. 

2. Open the Quartus II software, and using the new project wizard, create a new project 

“decodModified” in your “decodModified” folder. 

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE 

PROJECT WIZARD. 

3. Open “dec2to4.vhd” that you created earlier. SAVE “dec2to4.vhd” AS “dec2to4.vhd” 

IN YOUR “decodModified” FOLDER. 

4. Set “dec2to4.vhd” as the top-level entity. You can do this by right-clicking on 

“dec2to4.vhd” in the “Files” section of the project navigator (located at the right of 

your Quartus II window) and selecting “Set at Top-Level Entity”. 

5. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

6. Create a symbol for your “dec2to4.vhd” file. You can do this by right clicking on 

“dec2to4.vhd” in the “Files” section of the project navigator (located at the left of your 

Quartus II window) and selecting “Create Symbol Files for Current File”.  

7. Create a new VHDL file in your “decodModified” project (File > New > VHDL File). 

8. Type the following in the Text Editor and save file as “decodModified”: 
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 9. Set “decodModified.vhd” as the top-level entity. You can do this by right-clicking on 

“decodModified.vhd” in the “Files” section of the project navigator (located at the right 

of your Quartus II window) and selecting “Set at Top-Level Entity”. 

10. Start the compiler. Fix any errors and re-compile. Once the compiler compiles 

without any errors, move to the next step. 

11. Create a symbol for your “decodModified.vhd” file. You can do this by right clicking 

on “decodModified.vhd” in the “Files” section of the project navigator (located at the 

left of your Quartus II window) and selecting “Create Symbol Files for Current File”.  

12. Create a new University Program VWF (File > New > University Program VWF). 

13. Simulate “decodModified.vhd” and make sure that your simulation results match the 

results shown below. 

14. Save the VWF file as “decodModified.vwf” in your “decodModified” folder and take 

screenshots of your code and your simulation results. 

 

 


