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(Updated by Jorge Alejandro, September 2008 for ISE version 10.1) 

(Updated by Jorge Alejandro, September 2009 for ISE version 11.1 [simulation only]) 
 
Start Xilinx Project Navigator. 

 
 
From the menu bar, Select File => New Project. 
Enter a project name and location, click Next. 
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Choose the correct device and its properties, click Next. (XC3S500E for this tutorial) 

 
 
Click New Source to add a new source file to the project. 
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Select VHDL Module and provide name, click Next. 

 
 
Enter the required inputs and outputs, click Next. 
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Click Finish. (You may be prompted to create the directory, click Ok). 

 
 
Click Next. 
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Click Next. 

 
 
Click Finish. 
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Double click on the encoder module in the Sources panel. A skeleton of your VHDL file 
was automatically generated for you. 
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Enter a VHDL description (provided below) for your encoder under the Behavioral 
architecture. 
Save the VHDL file ( File => Save  or Ctrl+S ). 

 
 
 
 a <=  "11" when i3 = '1' else 
  "10" when i2 = '1' else 
  "01" when i1 = '1' else 
  "00"; 
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Make sure that your VHDL module is selected in the Sources Panel then double-click on 
Synthesize-XST in the process panel to synthesize your design. 
Wait for synthesis to complete. 
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A warning will appear in the Transcript panel.  This warning is valid (notice we did not 
mention input ‘i0’ at all in our description). 
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Double-click View RTL schematic in the Processes panel under Synthesis XST. 
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This will provide you with some insight as to how your design will be implemented on 
the FPGA.  Double-click on the top-level module (the big box) to go down one level. 
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Here we can see our four inputs [i0, i1, i2, i3] and our output [a(1:0)].  Also, two sub-
modules are used to determine the values of bits a(0) and a(1).  Double click on the first 
module to see how it was implemented. 
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The equivalent logic used to implement a(0) is shown *note that this is just a 
combinational logic representation of the Boolean function implemented using a lookup 
table on the FPGA*.  To go back (up one level), click the back arrow or right click the 
schematic and choose Back a Schematic. 
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Double click on the second sub-module to see how it was implemented.  Again, this is the 
equivalent combinational logic of the function implemented in a lookup table. 
Close the RTL Schematic using the smaller X in the upper right-hand corner of the 
project navigator window. 
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We will now test our design using a VHDL test bench.  From the menu bar, select 
Project => New Source or right-click in the sources panel and select New Source. 
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Choose VHDL Test Bench and select a name for the Test Bench (TB). 
Click Next. 
 

 
 
Select the encoder module. 
Click Next. 
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Click Finish. 
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A test bench skeleton file is created and shown in the project navigator.  This file will 
allow us to observe how our design behaves as we supply it inputs. 
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We need to write the test for our design ourselves.   Modify the architecture description 
of your design as shown below.  Save your test bench file ( File => Save or Ctrl+S ). 
 

 
 
architecture behavior of encoder_tb is 
 
  -- Component Declaration for the Unit Under Test (UUT) 
   
  component encoder 
    port( 
      i0 : in  std_logic; 
      i1 : in  std_logic; 
      i2 : in  std_logic; 
      i3 : in  std_logic; 
      a  : out std_logic_vector(1 downto 0) 
      ); 
  end component; 
 
 
  --Inputs 
  signal i0 : std_logic := '0'; 
  signal i1 : std_logic := '0'; 
  signal i2 : std_logic := '0'; 



ECE574  Jim Duckworth 

 20 

  signal i3 : std_logic := '0'; 
 
  --Outputs 
  signal a : std_logic_vector(1 downto 0); 
   
begin 
 
  -- Instantiate the Unit Under Test (UUT) 
  uut : encoder port map ( 
    i0 => i0, 
    i1 => i1, 
    i2 => i2, 
    i3 => i3, 
    a  => a 
    ); 
 
  -- Stimulus process 
  stim_proc : process 
  begin 
 
    -- test input "0001" 
    i0 <= '1'; 
    i1 <= '0'; 
    i2 <= '0'; 
    i3 <= '0'; 
    wait for 1ms; 
 
    -- test input "0101" 
    i0 <= '1'; 
    i1 <= '0'; 
    i2 <= '1'; 
    i3 <= '0'; 
    wait for 1ms; 
 
    -- test input "1000" 
    i0 <= '0'; 
    i1 <= '0'; 
    i2 <= '0'; 
    i3 <= '1'; 
    wait for 1ms; 
 
    -- wait indefinately 
    wait; 
  end process; 
 
end; 
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In the sources panel, select the sources tab, choose Behavioral Simulation, and then select 
(single click) the test bench file. 
From the processes panel, select the processes tab and under Xilinx ISE Simulator double 
click Simulate Behavioral Model. 
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This is the simulator.  Choose to run the simulation for 10ms and then click the arrow. 
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The simulation will now run.  When it’s done, you can observe the output a[1:0] as the 
inputs i3, i2, i1, and i0 change.  Is the output correct (does our design work)?  Notice that 
this test was not exhaustive as it only tested a few input combinations. 
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Alternative Verilog Design 
 
NOTE: As you would expect, an equivalent Verilog Design will result in exactly the 
same logic being produced and the same simulation results. 
 
Start Project Navigator. Select File => New Project 
Enter name and location, select device. 
Select New Source. Select Verilog Module and provide name: 
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A Verilog skeleton is produced, add behavioral statements: 

 
 
 
module encoder(i0, i1, i2, i3, a); 
 input i0; 
 input i1; 
 input i2; 
 input i3; 
 output [1:0] a; 
   
    reg [1:0] a; 
      
     always @(i0,i1,i2,i3) 
        if (i3 == 1'b1) 
          a <= 2'b11; 
        else if (i2 == 1'b1) 
          a <= 2'b10; 
        else if (i1 == 1'b1) 
          a <= 2'b01; 
        else 
          a <= 2'b00; 
 
endmodule  

 
The rest of the steps are equivalent to the VHDL example. 


