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Learning Objective

The purpose of this exercise is to learn how to design simple logic circuit in behavioral modeling with Verilog. 
It consists of three parts:
	1.  Edge triggered D flip flop
	[2 marks]

	2. A BCD Seven segment display decoder in behavioral modeling with Verilog, in particular, always and case statements.                                                                                                    


	[3 marks]

	3.
A BCD Seven segment display decoder and multiplexer in behavioral modeling with Verilog, in particular, always and case statements.    
	[5 marks]


             Total grade of the exercise [10 Marks]
PART I – Edge Triggered D flip flop
Figure 1 shows a circuit with three different storage elements: 

i. a gated D latch, 

ii. a positive-edge triggered D flip flop, 

iii. a negative-edge triggered D flip-flop.
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    module D_latch (D, Clk, Q);

       input D, Clk;

       output reg Q;
    always @ (D, Clk)
    begin
     if (Clk) Q = D;
    end
    endmodule
Figure 1. Circuit and waveforms for D flip flops                        Figure 2. Behavioral model of a gated D flip flop
Implement and simulate this circuit using Quartus II software as follows:

1. 
Create a new Quartus II project.
2. 
Write a Verilog file that instantiates the three storage elements. Figure 2 gives a behavioral style of Verilog code that specifies the level sensitive D. This latch can be implemented in one 4-input lookup table. Use a similar style of code to specify the flip-flops in Figure 1.
3.
Include in your project the appropriate input and output ports for the Altera DE2 board. Use switch SW0 to drive the D input of the flip-flop, and use SW1 as the Clock input. Connect the Qa,b,c outputs to LEDR0, LEDR1, LEDR2.

4.
Compile your code and use the Technology Viewer to examine the implemented circuit. 
5. 
Create a Vector Waveform File (.vwf) which specifies the inputs and outputs of the circuit. Draw the inputs D and Clock as indicated in Figure 1. Use functional simulation to obtain the three output signals. Observe the different behavior of the three storage elements.
6. 
Download the circuit onto the DE2 board and test its functionality by toggling the D and Clock switches and observing the Q outputs.


Demonstrate the design to the laboratory supervisor.

PART II – Seven Segment Display with Multiplexer
Figure 3 shows a 7-segment decoder module that has the three-bit input c2c1c0. This decoder produces seven outputs that are used to display a character on a 7-segment display. Table 1 lists the characters that should be displayed for each valuation of c2c1c0. 
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To keep the design simple, only four characters are included in the table (plus the ‘blank’ character, which is selected for codes 100 − 111). The seven segments in the display are identified by the indices 0 to 6 shown in the figure. Each segment is illuminated by driving it to the logic value 0. You are to write a Verilog module in behavioral modeling that implements logic functions that represent circuits needed to activate each of the seven segments. 
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                              Figure 3. A seven segment decoder                          Table 1. Character codes

module char7seg (C, Display);

   input      [2:0] C;     // c2c1c0
   output reg [0:6] Seg;   // 7-seg displays

always @(C)

begin
case(C)

     3’b000: Seg = 7'b1001000; // S0 S1 S2 S3 S4 S5 S6
     3’b001: Seg = 7'b0110000; 



.


.


endcase

end

endmodule
Figure 4. Partial Verilog code in behavioral modeling of the seven segment display

Perform the following steps:

1. 
Create a new Quartus II project for your circuit.

2. 
Create a Verilog module for the 7-segment decoder. Connect the c2c1c0 inputs to switches SW2−0, and connect the outputs of the decoder to the HEX0 display on the DE2 board. The segments in this display are called HEX00, HEX01, . . ., HEX06, corresponding to Figure 3. As in last exercise, declare the 7-bit port “ output [0:6] HEX0; ” in your Verilog code so that the names of these outputs match the corresponding names in the DE2 User Manual and the DE2 pin assignments.csv file.

3. 
After making the required DE2 board pin assignments, compile the project.

4. 
Download the compiled circuit into the FPGA chip. Test the functionality of the circuit by toggling the SW2−0 switches and observing the 7-segment display

PART III
Consider the circuit shown in Figure 5. It uses a three-bit wide 5-to-1 multiplexer to enable the selection of five characters that are displayed on a 7-segment display. Use a 7-segment decoder to display any of the characters H, E, L, O, and ‘blank’. The character codes are set according to Table 1 by using the switches SW14−0, and a specific character is selected for display by setting the switches SW17−15. An outline of the Verilog code that represents this circuit is provided in Figure 6. 

The circuit consists of five instances of each of the sub-circuits. The purpose of your circuit is to display any word on the five displays that is composed of the characters in Table 1, and be able to rotate this word in a circular fashion across the displays when the switches SW17−15 are toggled. As an example, if the displayed word is HELLO, then your circuit should produce the output patterns illustrated in Table 2.
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Figure 5. A circuit that can select and display one of five characters.

module part3 (SW, HEX0);

   input [17:0] SW; // toggle switches

   output [0:6] HEX0; // 7-seg displays

   wire [2:0] M;

mux_3bit_5to1 M0 (SW[17:15], SW[14:12], SW[11:9], SW[8:6], SW[5:3], SW[2:0], M);

char7seg H0 (M, HEX0);
endmodule
// implements a 3-bit wide 5-to-1 multiplexer

module mux_3bit_5to1 (S, U, V, W, X, Y, M);

   input  [2:0] S, U, V, W, X, Y;

   output [2:0] M;
. . . your code here
endmodule
// implements a 7-segment decoder for H, E, L, O, and ‘blank’

module char7seg (C, Seg);

   input  [2:0] C;   // input code

   output [0:6] Seg; // output 7-seg code
. . . your code here

endmodule

Figure 6. Partial Verilog code for the circuit in Figure 5. 
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Table 2. Rotating the word HELLO on five displays.
Perform the following steps:

1. 
Create a new Quartus II project for your circuit.

2. 
Include your Verilog module in the Quartus II project. Connect the switches SW17−15 to the select inputs of each of the five instances of the three-bit wide 5-to-1 multiplexers. Also connect SW14−0 to each instance of the multiplexers as required to produce the patterns of characters shown in Table 2. Connect the outputs of the five multiplexers to the 7-segment displays HEX4, HEX3, HEX2, HEX1, and HEX0.

3. 
Include the required pin assignments for the DE2 board for all switches, LEDs, and 7-segment displays.

Compile the project.

4. 
Download the compiled circuit into the FPGA chip. Test the functionality of the circuit by setting the proper character codes on the switches SW14−0 and then toggling SW17−15 to observe the rotation of the characters.


Demonstrate the design to the laboratory supervisor.


















































































































































































































































































































































































 









































