Experiment # 4

	Lab Title: 
	Sequential circuits in verilog

	

	Learning Objectives:
	To build and verify sequential circuits in verilog


Our lab 04 and 05 will be related to each other. In lab 4, we will try to build modules for sequential circuits.  We will also see theory of register file in this lab.

	

	Tools Used:
	Verilogger pro

	

	Procedure:
	

	Sequential circuits:



Sequential circuit is one which has storage elements. Values stored in these storage elements represent state of circuit. Furthermore its output at any time is determined by current input and its state.


Example of sequential circuits include flip flop, register file and counter.

Register:


Register is a component for storage of data. An n bit wide register consist of n flip flops and can store n bits at a time.


Following is verilog module for a flip flop or single bit register with asynchronous reset.

module  flip_flop(out,in,clk,reset);

output out;

input in,clk,reset;

reg out;

always @ (posedge clk or posedge reset)//asynchronous reset

if(reset)

out=0;

else

out=in;

endmodule

Register File:

A register file consists of a set of registers that can be read and written by supplying a register number to be accessed. A register file can be implemented with a decoder for each write port, a mux for each read port and an array of registers built from D flip-flops.
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Fig 04.1: Block diagram of register file

Because reading a register does not change any state, we need only supply a register number as an input, and the only output will be the data contained in that register.

 
For writing a register we will need three inputs: a register number, the data to write, and a clock that controls the writing into the register. We will make a register file that has two read ports and one write port. This register file is drawn as shown in Figure Lab 04.1. 

Read Ports Implementation :

The read ports can be implemented with a pair of multiplexers, each of which is as wide as the number of bits in each register of the register file. Figure Lab 04.2 shows the implementation of two register read ports for a 4-bit-wide register file.

Write Ports Implementation :

Implementing the write port is slightly more complex since we can only change the contents of the designated register. We can do this by using a decoder to generate a signal that can be used to determine which register to write. Figure 4.2 shows how to implement the write port for a register file. It is important to remember that the flip-flop changes state only on the clock edge. 

What happens if the same register is read and written during a clock cycle? Because the write of the register file occurs on the clock edge, the register will be valid during the time it is read. The value returned will be the value written in an earlier clock cycle. If we want a read to return the value currently being written, additional logic in the register file or outside of it is needed.
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Fig 04.2: Register file. Connection among different components

	

	

	Exercises:
	

	1 Simulate flip flop module using synchronous and asynchronous reset using 50MHz clk.

2 Convert this module to a four bit register and simulate new version using synchronous and asynchronous reset. 
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