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Learning Objective

The purpose of this exercise is to learn how to design datapath component in behavioral modeling with Verilog. 
It consists of three parts:
	1.  4 bit Counter in Structural Modeling
	[2 marks]

	2.  4 bit Counter in Behavioral Modeling
	[3 marks]

	3.  Decimal Counter 
	[5 marks]


             Total grade of the exercise [10 Marks]
PART I – 4-bit Counter
Consider the circuit in Figure 1. It is a 4-bit synchronous serial enable counter which uses four T-type flip-flops. The counter increments its count on each positive edge of the clock if the Enable signal is asserted. The counter is reset to 0 by using the Reset signal. You are to implement a 4-bit counter of this type.
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Figure 1. A 4-bit counter.
Implement and simulate this circuit using Quartus II software as follows:

1. 
Design a 4-bit counter by using the structure depicted in Figure 1. Your code should include a T flip-flop module modeled in behavioral modeling with Verilog that is instantiated 4 times to create the counter. Compile the circuit. 

2. 
Simulate your circuit to verify its correctness.

3. 
Augment your Verilog file to use the push button KEY0 as the Clock input, switches SW1 and SW0 as Enable and Reset inputs, and 4 LEDs displays to display the binary count as your circuit operates. Make the necessary pin assignments needed to implement the circuit on the DE2 board, and compile the circuit.

4. 
Download your circuit into the FPGA chip and test its functionality by operating the implemented switches.

Demonstrate the design to the laboratory supervisor.

PART II – 4 bit Counter in Behavioral Model
Design the 4-bit counter in a single module with the Verilog procedural block statement based on the statement

“Q <= Q+1; ”.  Compile the design and repeat the same testing procedures as in PART I.  
Demonstrate the design to the laboratory supervisor.
PART III – Decimal Counter

Design a decimal counter with enable and reset using the toggle switch and debounced push button respectively in a single behavioral model, and display the counting sequence from 0 to 9 and repeat on a seven segment display. Use the debounced push button as the clock input to the decimal counter. Demonstrate the design to the laboratory supervisor.

















































































































































































































































































































































































 









































