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Introduction  
 
This tutorial will guide you through the process of creating a test bench for your VHDL designs, which 
will aid you in debugging your design before or in addition going to the FPGA for execution. For the sake 
of simplicity, we will revisit the counter tutorial available at Professor 5ǳŎƪǿƻǊǘƘΩǎ ǿŜōǎƛǘŜΥ 
http://ece.wpi.edu/~rjduck/Nexys2%20ISE%2010_1%20Counter%20Tutorial.pdf. We will recreate the 
sample counter and decoder and then create a VHDL test bench for the counter to show what it looks 
like in the new Xilinx software. This process will be helpful to you in the later labs in the course, as you 
will be able to see what your signals are doing as well as allow you to check to see if the values coming 
out are correct or not. Without further ado ς let us continue to the counter example.  
 

The Simple 4-bit Counter Revisited  
 
If you have already created a project for the counter tutorial, feel free to use that as a base for this 
tutorial. If you have not, please follow the tutorial at the link given in the introduction to complete the 
counter design.  
 
With the counter and decoder designs created and synthesized, select from the Xilinx tool bar Project -> 
New SourceΦ bŀƳŜ ǘƘŜ ǎƻǳǊŎŜ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ǎƛƎƴƛŦƛŜǎ ƛǘΩǎ ŀ ǘŜǎǘ ōŜƴŎƘΣ ǎǳŎƘ ŀǎ άcounter_tbέ ƛƴ ǘƘƛǎ 
example. /ƭƛŎƪ άNextέΦ  
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From here, select which design you want to create a test bench for. Here we will select the counter 
design as it is at the top-level for this project. Keep in mind that you may make test benches for 
individual components of your designs as well as the top-level design which ties it all together 
(analogous to testing individual functions versus your main in a programming language). /ƭƛŎƪ άNextέΦ  
 



 
 
{ŜƭŜŎǘ άFinishέΦ 
 

 
 



At this point, you will now be able to view your test bench file that Xilinx has generated in the main 
programming window. You will notice that it does however, not show up in the side panel where your 
other VHDL files are. This is because Xilinx has separate views for Implementation and Test files. To view 
your Test Bench file on the panel, navigate to the upper left hand corner of the Xilinx ISE and click the 
ŀǊǊƻǿ ǿƘŜǊŜ άImplementationέ ƛǎ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ŘƛǎǇƭŀȅŜŘΦ  
 

 
 
Once you have clicked the arrow, you will see two additional views for the panel. The one you will want 
ǘƻ ǎŜƭŜŎǘ ƛǎ ǘƛǘƭŜŘ άBehavioral SimulationέΦ /ƭƛŎƪ ǘƘƛǎ ƻǇǘƛƻƴ ŀƴŘ ǘƘŜ ǘŜǎǘƛƴƎ ǇŀƴŜƭ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ȅƻǳ 
to view and select for testing the VHDL designs.  
 



 
 
You will now see new options available for you to select, much like when you are implementing your 
designs on the FPGA (Synthesize, Map, Program, etc). 5ƻǳōƭŜ /ƭƛŎƪƛƴƎ άBehavioral Check Syntaxέ ǿƛƭƭ 
ŎƘŜŎƪ ǘƻ ǎŜŜ ƛŦ ǘƘŜ ǘŜǎǘ ōŜƴŎƘ ǎȅƴǘŀȄ ƛǎ ŎƻǊǊŜŎǘ ŀƴŘ άSimulate Behavioral Modelέ ǿƛƭƭ ŜȄŜŎǳǘŜ ȅƻǳǊ ǘŜǎǘ 
bŜƴŎƘ ƛƴ ǘƘŜ ǘƘƛǊŘ ǇŀǊǘȅ ǇǊƻƎǊŀƳ L{ƛƳΦ 5ƻǳōƭŜ ŎƭƛŎƪ άBehavioral Check Syntaxέ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŀǘ ǘƘŜ 
default test bench is okay.  
 



 
 
 

VHDL Test Bench ɀ Dissected  
 
Now is an excellent time to go over the parts of the VHDL test bench. A test bench in VHDL consists of 
same two main parts of a normal VHDL design; an entity and architecture. The entity is left blank 
because we are simply supplying inputs and observing the outputs to the design in test. The architecture 
of the test bench will consist of the design we are testing as a component, internal signals for input and 
output, a port map of the component for the UUT (unit under test), a process to run the clock and finally 
a stimulus process, which will be responsible for running the tests you write to test the design. Refer to 
the test bench file that Xilinx generates and go over the components to make sure you have an 
understanding of what is going on.  
 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ƎƻƴŜ ƻǾŜǊ ǿƘŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ƎŜƴŜǊŀǘŜŘ ±I5[ ǘŜǎǘ ōŜƴŎƘ ŦƛƭŜ ŘƻΣ ƭŜǘΩǎ 
add in some stimulus code to see how it all works together. First, we need to modify the clock that Xilinx 
has generated for us to work well with the counter design.  
 
First, edit the constant for the clock period definition. We would like this to match the 50 MHz clock that 
is coming into the test bench to make the timing diagrams match up nicely. To do this, we simply take 
1/50 MHz and convert to nanosecond, which comes out to be 20 nanoseconds.  
 
 
  
 

-- Clock period definitions 
constant clk_50M_period : time := 20ns; 



 
Next, we need to modify the clock process statement that Xilinx generated which divides the clock by 
two, creating a 25MHz clock. To change this, we just need to remove the dividers in the statement to 
look like the following.  
 
  
 
 
 
 
 
 
 
 
 
Finally, replace the stimulus process with the following code segment, which will serve as the first 
example for running a VHDL test bench simulation.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The following code will cycle the reset button and perform a very simple initial test of the design for 
simulation. To execute the test, double ŎƭƛŎƪ ƻƴ άSimulate Behavioral Modelέ ŀƴŘ ǘƘŜ L{ƛƳ ǎƻŦǘǿŀǊŜ ǿƛƭƭ 
open with your test bench loaded.  
 

-- Stimulus process 
   stim_proc: process 
   begin   
      -- hold reset state for 100ms. 
      wait for 100ms;  
 
  --Sample way of setting inputs - reset used as a redundant example.  
  reset <= '1'; 
  wait for 10ns; 
  reset <= '0'; 
  wait for 10ns; 
    
      wait; 
   end process; 
 

   -- Clock process definitions 
   clk_50M_process :process 
   begin 
  clk_50M <= '0'; 
  wait for clk_50M_period; 
  clk_50M <= '1'; 
  wait for clk_50M_period;  
   end process; 



 
 
 

 
You will now be presented with the ISim program where you will be able to simulate your designs and 
check for errors. You will notice that the program is very much like a software debugger, in the way 
which you can step through your VHDL designs and check the states of signals, as well as set the 
simulation to run for specific amounts of time and view output in the bottom windows. The simulator 
will open with your simulation executed. You will notice that the resolution for the simulations is set to 1 
picosecond. This is due to some Xilinx primitives requiring a 1 picosecond resolution to guarantee that 
your designs are processed correctly. To get a better view of the simulation, navigate over to View -> 
Zoom -> Full View (F6). This will allow you to get a better view of what your simulation is doing and you 
may also zoom in and out to get to finer levels of observation.  
 



 
 

As you can see, when ISim opened it ran your simulation for you at what the parameters were set in the 
test bench. To avoid this happening and to be able to start with a clean timing diagram at the start of 
the program, go back to Xilinx and right-ŎƭƛŎƪ ǘƘŜ άSimulate Behavioral Modelέ ŀƴŘ ǎŜƭŜŎǘ άProcess 
tǊƻǇŜǊǘƛŜǎΧέΦ  
 



 
 
In this window you can modify some various settings of the ISE simulator. For our purposes, uncheck the 
box markeŘ άRun for Specified Timeέ ŀƴŘ Ƙƛǘ !ǇǇƭȅΦ bƻǘŜ ǘƘŀǘ ƛŦ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ȅƻǳ ǿŀƴǘ ǘƻ Ǌǳƴ ȅƻǳǊ 
simulation for a specified amount of time prior to starting the application that this is the place to do 
that.  
 



 
 
With this setting changed, re-ŜȄŜŎǳǘŜ ǘƘŜ άSimulate Behavioral Modelέ ƭƛƴŜ ƛƴ ǘƘŜ ǘƻƻƭǎ ǎŜŎǘƛƻƴ ŦƻǊ 
behavioral simulation. Note that you should close ISim before rerunning this command as it will try to 
open a new instance of the program and fail. Now you should be able to see a blank timing diagram 
ōŜŎŀǳǎŜ ƴƻǘƘƛƴƎ Ƙŀǎ ōŜŜƴ Ǌǳƴ ȅŜǘΦ tǊŜǎǎƛƴƎ ǘƘŜ ΨwǳƴΩ ōǳǘǘƻƴ ƻƴ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǎŎǊŜŜƴ όƳŀǊƪŜŘ ǿƛǘƘ ǘƘŜ 
right pointed triangle) will execute your design until you hit pause (also along the buttons near the run 
button). You may wish to play with the zoom features of ISim to be able to get a better view of what is 
happening with the simulation. Once you play with the zoom for a little while, the timing diagram should 
come out to something like below.  
 



 
 
You may also specify points in time for the simulation to run for in the text box located in the same 
region as the run button. The button to the left of the box will execute the simulation for the time you 
have specified in the box. Note that it seems that ISim has some problems dealing with measurements 
sucƘ ŀǎ Ψ1sΩ ŦƻǊ ƻƴŜ ǎŜŎƻƴŘΣ ǎƻ ƛƴǎǘŜŀŘ ǘǊȅ ǘƻ ƪŜŜǇ ȅƻǳǊ ǘƛƳƛƴƎǎ ƛƴ ǎƻƳŜǘƘƛƴƎ ǎǳŎƘ ŀǎ Ψ1000msΩΦ  
 

Upping the Clock Speed and Internal Signal Watching  
 
¸ƻǳ Ƴŀȅ ƴƻǘƛŎŜ ǘƘŀǘ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ Ǌǳƴǎ ǊŀǘƘŜǊ ǎƭƻǿΣ ŀƴŘ ȅƻǳ Ŏŀƴ ƎǳŜǎǎ ǘƘŀǘ ƛǘΩǎ ōŜŎŀǳǎŜ ǘƘŜ ŎƻǳƴǘŜǊ ƛǎ 
running at 1Hz from the clock dividing process located in the counter design. This makes checking to see 
ƛŦ ȅƻǳǊ ǎƛƳǳƭŀǘƛƻƴ ǿƻǊƪǎ ŦƻǊ ǘƘƛǎ ŜȄŀƳǇƭŜ ǊŀǘƘŜǊ ǇŀƛƴŦǳƭΣ ǎƻ ƭŜǘΩǎ Ǝƻ ŀƘŜŀŘ ŀƴŘ ǳǇ ǘƘŜ ǇǊƻŎŜǎǎ ŦǊƻƳ мIȊ 
to 1KHz. Change the one_second_process in the counter.vhd file as so.  
 
 
 
 
 
 
 
 
 
 
 
 
 

-- generate a 1 second clock from the 50MHz oscillator  
  one_second_process: process(reset, clk_50M)   
    variable counter_50M : integer range 0 to 50_000;  
  begin  
    if reset = '1' then  
      counter_50M := 0;  
    elsif rising_edge(clk_50M) then  
      counter_50M := counter_50M + 1;  
      if counter_50M = 50_000 then  
        clk_1Hz <= NOT clk_1Hz;  
        counter_50M := 0;  
      end if;  
    end if;  
  end process one_second_process; 



 
 
 
Close the current ISim session and re-run the behavioral simulation as you have done before and when 
you run the simulation you will now see that it runs much faster. After playing around with the zoom 
settings a bit, your timing diagram should look close to that displayed below.  
 

 
 
While running simulations on your designs, you will probably find the need to be able to view internal 
signals and their values as the simulation runs on via the timing diagram. To get this working, draw your 
attention to the ƭŜŦǘ Ƴƻǎǘ ǇŀƴŜƭ ǿƘŜƴ L{ƛƳ ƻǇŜƴǎΣ ŎŀƭƭŜŘ άInstances and ProcessesέΦ Here you can view 
all of the running instances of designs and processes within each design in your current test bench. To 
get the items from the decoder to show up in your timing diagram, click the down arrow on 
άcounter_tbέΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ Řƻǿƴ ŀǊǊƻǿ ƻƴ άuutέ. This will show you all of the processes running 
inside of the design as well as internal signals used within. To display an internal signal in the timing 
diagram, highlight one such ŀǎ άcountέ ŀƴŘ ǊƛƎƘǘ-click, followed by Copy.  
 


