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Designing a simple 3-bit counter 

 
---------------------------------------------------------------------------- 

PURPOSE - This lab will require you to design and verify a simple 3-bit binary counter. 

In this way you will practice the basic design steps learned during the previous labs. 

---------------------------------------------------------------------------- 

 

1. Introduction 

You will design a simple 3-bit binary counter which works as follows: it outputs the 

value "000" then "001" then "010", etc., until it hits "111" and resets to zero. You will be 

implementing this counter as a HDL design. You will use the BASYS's on-board clock. 

To verify your design you will watch the LED's count from "000" to "111," advancing 

one count per second (approximately). Once the bitstream for this counter has been 

created, you simply need to download the file and the counter will begin counting 

automatically. 

The block diagram of the counter you will design is given in the figure below. 

 

 

Quartz 

Oscillator 

50MHz 

 
 

The BASYS boards have an external clock of 25/ 50 /100 MHz (by default it is set to 50 

MHz, you can change the frequency by selecting proper jumper position) that we can 

access through pin 36 (remember that we can specify this through the UCF file). 

However, this frequency is far too fast for us to see the counter's output, so we use a 
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clock divider to reduce the frequency to about 1 Hz. Thus, the counter will count once per 

second.  

 

One way to implement your counter is to use T-Flip Flops. When the "T" input is logic 

‘1’, the output Q will toggle on every clock transition. When the "T" input is logic ‘0’, 

the output Q will not change on clock transitions.  

To implement the 3-bit counter, you will be using three VERILOG blocks. The first 

block is the clock divider, the second block is a T flip-flop, and the third block is a top-

level block that instantiates and interconnects the clock divider and the T flip-flops. This 

top level block can be synthesized and downloaded into the FPGA, and the counter will 

immediately begin to count. You will connect the signals Q0, Q1, and Q2 to three 7-

segments LEDs on the BASYS board. Thus, you will be able to watch them lighting in 

accordance to the output of the counter. 

 

2. Start ISE by clicking on the Project Navigator icon on your desktop or by: 

Start->Programs->Xilinx ISE 8.2i->Project Navigator. 

3. Create a new project called counter_3bit. 

4. Type the following VERILOG code. Then save it as clock_divider.v and add it 

to the project. 

 
module  clock_divider ( cin, cout ); 
     
    input cin; 
    output cout; 
 
 
    parameter timeconst = 60;//constant  
    integer count0; 
    integer count1; 
    integer count2; 
    integer count3; 
    reg d; 
    initial d = 1'b0; 
    reg cout; 
 
   always @ (posedge cin ) // begin  
       begin  
                   count0 <= (count0 + 1); 
                   if ((count0 == timeconst))  
                       begin  
                           count0 <= 0; 
                           count1 <= (count1 + 1); 
                       end 
                        
                   else if ((count1 == timeconst))  
                       begin  
                           count1 <= 0; 
                           count2 <= (count2 + 1); 
                       end 
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                   else if ((count2 == timeconst))  
                       begin  
                           count2 <= 0; 
                           count3 <= (count3 + 1); 
                       end 
                        
                   else if ((count3 == timeconst))  
                       begin  
                           count3 <= 0; 
                           d <= ~ (d); 
                       end 
               
           cout <= d; 
       end  
   // end always  
    
Endmodule 
 

Try to figure out the operation of the above code. You will feed the 50 MHz external 

clock into CIN, and then a 1 Hz signal will come out at COUT. This frequency is 

adjustable, however, according to the following formula:  
 
Output Frequency = 50000000 / (2 * (TIMECONST ^ 4)) 
 

Inside your VERILOG code you can set the "TIMECONST" parameter to a different 

value according to your desired frequency.  

 

5. Type the following VERILOG code. Then save it as tff.v and add it to your project. 
 
module tff ( t, qn, tff_clock ); 
     
    input t; 
    output qn; 
    input tff_clock; 
 
    reg d; 
    initial d = 1'b0; 
    reg qn; 
        
 always @ (posedge tff_clock) 

// Execute this process only when the clock changes 
 begin  
  if ((t == 1'b0)) begin 
                d <= d; //no toggle, so do not do anything. 
  end else if ((tff_clock == 1'b1)) begin 

// rising edge of clock and T = 1, so toggle the output 
           d <= ~ (d);  

  end 
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   qn <= ~(d); //QN is the inverted value of Q 
   end//end always 
        
    
endmodule 
 

In the above VERILOG code the signal "D" is a signal used to implement the flip-flop 

operation. It is initially set to a value of '0'. When the clock transitions from low to high, 

and your “T” input is a logic '1', you then invert "D" and store it back into itself. 

However, if the clock transitions and your "T" input is a logic '0', then the process stops 

until the next transition, and no change on "D" occurs.  

At the end of the process you assign the inverse of D to QN, effectively implementing the 

T Flip Flop operation. There might be better ways to implement T-Flip Flops, it is just a 

matter of preference and convenience. 

 

6. Type the following VERILOG code. Then save it as counter_3bit.v and add it to 

your project. 

 
module  counter_3bit ( clock_in, Q0, Q1, Q2 ); 
     
input clock_in; 
output Q0; 
output Q1; 
output Q2; 
// Why do we need them??? 
 
wire all_t; 
wire s0; 
wire s1; 
wire s2; 
wire mainclock; 
 
// You assign signal all_T with '1', so that you can feed this 
//logic value into all of the "T" inputs. 
assign {all_t}=1'b1; 
    
 
clock_divider clock(.cin(clock_in), .cout(mainclock)); 
 
tff tff1(.t(all_t), .qn(s0), .tff_clock(mainclock) 
 
tff tff2(.t(all_t), .qn(s1), .tff_clock(s0)); 
 
tff tff3(.t(all_t), .qn(s2), .tff_clock(s1)); 
 
 
assign {Q0}= s0; 
assign {Q1}= s1; 
assign {Q2}= s2; 
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endmodule 
 

 

Note: Instead of using the Q outputs, you are actually using the inverted outputs "QN" as 

your counter values. You also could have added extra inverters and simply used the Q 

outputs. 

 

Draw a new block diagram (as the one at the beginning of this lab manual) showing all 

defined signals in the VERILOG code above. 

 

 

 

7. Synthesis 

7.1. Analyze all your VERILOG sources as learned during the first lab. 

7.2. Locking in pins 

Now that all of the VERILOG design files are added and correctly analyzed, you need to 

specify the BASYS pin numbers that you wish to use. Add a new design constraint file 

counter_3bit.ucf, select Project->New Source and Select Implementation 

Constraint File. Click once on the newly added counter_3bit.ucf in the Project window 

and then double click on Edit Constraints (Text) to edit the file. Then type in the 

following pin constraints: 

 
NET CLOCK_IN LOC = P36; 
NET Q0 LOC = P33; 
NET Q1 LOC = P32; 
NET Q2 LOC = P27; 
#Assign the rest of the 7-segment pins appropriately. 
 
Verify that the pin assignments are correct by referring to the manual. 

Now save the file and exit the editing program. Pin 36 is connected to the 50 MHz 

external clock. Q0, Q1 & Q2 are connected to three 7-segment leds. 

 

7.3. Synthesize your top level entity. 

7.4. Implement your design as studied during previous labs. 

7.5. After implementation is accomplished verify the pad assignment reading the 

corresponding report file. Among others, you should verify that the correct pins have ben 

assigned to all inputs and outputs by viewing the pad report under Implement Design-> 

Place & Route -> Pad Reports. 

 

7.6. Generate the Programming File 

8. Downloading and Testing 

Now all that is left to do is to find the counter_3bit.bit file that was generated, and download it 

to the BASYS board. Perform this step as learned during the lab #4.  

If everything is working properly, after you download the file the LED's will immediately start 

counting, once per second, up to the value "111". If it does not, make sure to retrace your steps. 

Also, make sure that your BASYS board is working properly. 
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9. Modifying the design 

Now, you are required to modify your design such that the output drives the 7-segment LED to 

display the integer numbers 0, 1, 2, 3, 4, 5, 6, 7, 0, 1, … (as the counter counts) instead of driving 

only the horizontal segments as it does in the actual form. For doing this you will have to 

construct a new component (i.e. a decoder from binary to decimal), which will drive the 7 

segments of the 7-segment LED properly. You are required also to add an additional input to 

your design: a RESET (assigned to the push-button on the BASYS board), which will reset the 

counter any time when the assigned push-button is pressed. 

 

You will have to implement and demonstrate to your TA the correct functionality (by 

downloading the bitstream to the board) of your new counter during the lab session in order for 

you to obtain the full grade for this lab. 

 

You will have to include into your lab note-book all the VERILOG files of the modified counter. 

 

---------------------------------------------------------------------------- 

SUMMARY - This lab wanted to get you more familiar with the basic steps during the design 

flow with ISE. 

---------------------------------------------------------------------------- 


