Experiment # 5

	Lab Title: 
	Development and verification of Verilog module for register file.

	

	Learning Objectives:
	To build and verify verilog module for register file using combinational and sequential components.


In this lab we will build a module for register file using components that we had developed in lab 03 and lab 04. These components include decoder, multiplexer and register.

	

	Tools Used:
	Verilogger pro

	

	Procedure:
	

	In lab 04 we  had seen the components contained in a register file and how these components are connected to each other. To construct register file we will, integrate these components into a single module.




To accomplish this lab successfully, follow these steps.

Step 1:
Make sure that you have verified modules of following components.

1 2to4 Decoder

2 4to1 Mux

3 4 bit wide register
Step 2:
      Make a new project (let “Reg_file”) in Verilogger pro.

Step 3:
      Make a new file (let “register_file_4x4.v”) and save it.

Step 4:      Add file to your project.

Step 5:
In this file we will write code for our Register file. Port list of Register file contains following ports. (see fig Lab 05.1)



Outputs:
Data_out1




Data_out2


Inputs:
Data_in




Rd1




Rd2

Wr




Wr_enable




Clk
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Fig 05.1: Register file. Connection among different components 

Step 6:
Our code of  register file should appear as followed.



module register_file_4x4(data_out1 ,data_out2, 

                                                              data_in,wr,write_enable,rd1 ,rd2 ,clk);

   

//Define output ports

output [3:0]  data_out1 ,data_out2;

//Define input ports

input  [3:0]  data_in ;

input  [1:0]  wr ;

input         write_enable ;

input  [1:0]  rd1,rd2 ;

input         clk ;

/*

Instantiate all components

*/

endmodule
Step 7:

Instantiation of  a modeule in another module has following syntax.



module_name instance_name (port list);

Now instantiate Decoder into your file. After instantiation your code should appear as given below.

module register_file_4x4(data_out1 ,data_out2,

                                        data_in,wr,write_enable,

                                        rd1 ,rd2 ,clk);

  

//Define output ports

output [3:0]  data_out1 ,data_out2;

//Define input ports

input  [3:0]  data_in ;

input  [1:0]  wr ;

input         write_enable ;

input  [1:0]  rd1,rd2 ;

input         clk ;

//declare wires for carrying output of decoder

wire   [3:0]   dec_out ;


//instantiate decoder

decoder_2_to4   decoder( dec_out,wr,write_enable);

/*

In similar fashion instantiate register and mux module

*/

endmodule

Note:
Sequence of instantiation has no significance. We can instantiate components in any sequence. This is because verilog is concurrent hardware design language and not a sequential language like C.

Debugging:


When verilog module is completed, simulate your module. You may see some errors and warnings.

Erorrs:

First remove the error. Most common error is “parse error”. It appears because of 

some wrong syntax. So try to remove it by following syntax rules.

Warnings:

I you simulate your design after removing all errors, you will have a message of 

“Simulation Good”. But there may be warnings. See report window.


Most common warning is

“Port size don’t match in port # 1 (1 vs 4)”


Let your instantiation statement is 

            register  R0(R0_out,data_in,clk,dec_out[0],rst);

Here port#1 is R0_out and (1 vs 4) mean that in original module “register” output is declared 4 bit but external wiring “R0_out” is single bit. So to remove this warning declare following 4bit wide bus in top module.

Wire [3:0] R0_out;

Now simulate your design. There may no errors and no warnings. “Simulation Good” does’nt mean that functionality of your design is correct. Check functionality of your design using timing diagram. If it is not correct, you have to debug your design thoroughly.

To debug the design you want to watch internal signals in timing diagram. For this purpose follow the given path.

Window(project

Now expand the top module of your project.
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Fig 05.2: Expanding top module

Now you will see three options ports, signals and components.
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Fig 05.3: Ports, signals and components of top module  

To monitor all signals just write click signal option and select “watch signals”. 
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Fig 05.4: Monitoring internal signals

If you want to see individual signal, just right click on desired signal and select “watch signal”.
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Fig 05.5: Monitoring individual internal signal

	

	

	Exercises:
	

	1 Complete register file module by instantiating the remaining components i.e. MUX and Register

2 Apply the following stimulus and observe the output. Also observe internal signals R0_out, R1_out, R2_out, R3_out.
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	Fig 05.6: Required output
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