Experiment # 11
	Lab Title: 
	Register file----implementation on FPGA

	

	Learning Objectives:
	To Implement register file on FPGA


In this lab we will implement register file module developed in previous lab on FPGA. We will also get introduction to xilinx and synplify pro.



	

	Tools Used:
	1 Xilinx 6.3

2 Synplify pro

3 2-SB FPGA Board by Digilentinc with xc2s200e chip on it.



	

	Procedure:
	

	What is FPGA?


Probably all of you have used different ICs in your CLD course. ICs implement a specific functionality in hardware. Process of IC designing is not only complex and time taking but also expensive. Fabrication equipment is so costly that most of underdeveloped countries can not use it. Then what should be done if we want a specific functionality implemented in hardware and also want to avoid expensive process of IC fabrication?


There is a cheap alternative available. Programmable logic devices PLDs are such hardware modules which can be programmed to behave as we require. Field Programmable Gate Array (FPGA) is a type of PLDs. It consist of an array of NAND or NOR gates. By programming we can establish connections between individual gates and can implement our desired functionality in hardware.


There are different manufacturers of FPGA chips. Xilinx is one of them.

What is Xilinx 6.3?


Xilinx is used for development and simulation of every desired module. It also helps to check whether our module is synthesizable or nor. Synthesizable code is one against which a hardware can be developed. This hardware implements the functionality described by code/module.


Xilinx is also useful in developing user constraint file and loading bit file on RAM of FPGA chip.


Default synthesis tool used by xilinx for synthesis is Xilinx Synthesis Tool (XST). But we can use any one as desired. For example we will use synplify pro as our synthesis tool.


We can also use Modelsim for simulation of our module.


User Constraint File (ucf) describes I/O connection specifications as given by user.

NOTE:
If synplify pro is used as synthesis tool instead of XST, you must install it separately on your machine. Similarly you will need to install Modelsim if you want to use it as simulation tool.



Now follow given steps to get introduction to xilinx as well as to implement register file successfully on FPGA.

Step1:
Launch Xilinx by following given path.


Start(Program(XilinxISE6(Project Navigator
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Fig 06.1: Opening project navigator

Step 2:
You will see Xilinx main window. If a project is already opened, close it by following given sequence.


File(Close Project

Step 3:
To create a new project follow given sequence.


File ( New Project

[image: image2.png]creat anew project

" Strnnma |

Bl e o




Fig 06.2: Making new project

Step 4:
Now you will see New Project Dialog Box on your Desktop. It has a field labeled “Project Location”. Write here directory path where you want to store your project.



There is another field labeled “Top level Module”. Its default value is “HDL” (Hardware descriptive language). Leave it as it is. Because our top level and all other modules are written in HDL/verilog.
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Fig 06.3: Selecting project name and location

Step 5:
In field labeled “Project Name”, enter name of your project.
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Fig 06.4: Selecting project name and location

Step 6:
click next.

Step 7:
Now you will see following Dialog box on your desktop.
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Fig 06.5: Select specifications of target device


Here you specify features of your FPGA chip.


Set different fields as shown below.

Field 

Value

Device Family

Spartan 2E

Device 

xc2s200e

Package 

Pq208

Speed Grade

-6

Synthesis Tool

Synplify pro(VHDL/Verilog)

Simulator

Modelsim

Generated Simulation Language

Verilog


NOTE: 
There are various families of FPGA chips provided by xilinx e.g. Spartan 2, Spartan 2E and Spartan 3. We are using Spartan 2E. Xc2s200e specifies a version of Spartan 2E. Here 200 mean we can implement logic of up to 200k gates using this chip. Pq208 specifies package type. All this information is labeled on your FPGA chip (see FPGA chip on your board).



“Synplify and Modelsim are third party tools” means that these tools are not part of Xilinx and you have to purchase and install them separately.

Step 8:
click next.

Step 9: 
You see following Dialog box on your desktop.
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Fig 06.6: Do not create new file



It asks you whether you want to create a new file or not. As we don’t want to create new verilog file and will use modules developed in previous lab, so click next.

Step 10:
You see following Dialog box on your desktop
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Fig 06.7: Do not add exidting files



This dialog box asks you whether you want to add existing files in to your project. As we don’t want to add them at this step so click next.

Step 11:
You see following Dialog box on your desktop
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Fig 06.8: Project specification



This dialog box displays the information of project specified by you, during the process of making new project. After verifying this information, click on next.

Step 12:
Now you will see main xilinx window. There are two panels in this window on left side. One labeled “Sources in Project” is called source window. Other labeled “Processes for Source” is called process window.
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Fig 06.9: Specifications of target device



In source window, double click chip icon labeled “xc2s200e-6pq208”. Double click it to open project properties window. It reports the properties selected by you. You can change them at ay later stage if you plan to replace your FPGA chip with another version.



Click ok to accept these properties.

Step 13:
Right click chip icon in source window and you will see different options. Select “Add copy of source….” to add source files of register file developed in previous lab.
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Fig 06.10: Adding existing files to project

Step 14:
You will have dialog box labeled “Add Existing Source”. Select location where you had saved your previous lab work from drop down list labeled “Look in”. Copy your required verilog files with .v extension. Click cancel.
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Fig 06.11: Copying files


NOTE:
 if you select files from “Add Exiting Source” dialog box and select open, you will be faced with a message saying that files can not be added. This is because Xilinx 6.3 doesn’t allow spaces in names of files or directory from where files are to be read or written to. Also, xilinx 6.3 can not read files from desktop. So be careful.

Step 15:
Now again right click chip icon in source window and now select “Add source”. A dialog box will open. Paste here files you copied in step 14 and click open. Now you will see a window asking to choose source type for each file you copied. Select verilog Design file option and click Ok.
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Fig 06.12: selecting type of file

Step 16:
Now these files will be added in to your project. Your source window should appear as shown below.
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Fig 06.13: Files added to project

Step 17:
if you want the source code of a module, just go to the source window and double click respective file.
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Fig 06.14: Opening a source file

Step 18:
Four steps are required to implement a design successfully on FPGA. These steps can be carried out by running respective processes. These processes start when their icon is double clicked in process window. These processes and there are shown in following snapshot.
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Fig 06.15: Process and source window.

Step 19:
To check whether our code is synthesizable or not we have to execute synthesis process. For this purpose, go to source window and select top level module by single click.



Now move to process window, and launch synthesis process by having double click on its icon.
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Fig 06.16: Synthesis of design

Step 20:
If synthesis is successfully completed, a message is given in console window.
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Fig 06.17: Successful synthesis

Step 21:
After synthesis, you can see the bock diagram and gate level diagram of your module. For this purpose, expand synthesis process list and double click “View Synthesis Report”.
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Fig 06.18: View synthesis report

Step 22:  Synplify Pro window will open on your desktop. Go to tool bar and click button labeled RTL view  to see block diagram of your design.
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Fig 06.19: Opening block diagram of design
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	Fig 06.20: Block diagram of design



	Step 23:  to view Gate level diagram of your design, click button labeled “technology view” in tool bar.
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Fig 06.21: Opening gate level diagram of design

[image: image22.png]=

Fle Edt View Project Run HDLAnslyst Options Window Web

PEN=EdS -

S Instances 22)
© Pais(a)
© Ne(12)

b Bl

GATE LEVEL DIAGRAM

<

%

|
T[T oI\ T, seript A s Gwamngs .3 nies

addersn | adderpi |G addersis L) addersm
[ “argunents. —pro adder prj adder srx =1 [ Cog Perameter =
4| ProductType: synplify_pro Bk 2
Ticenss: Synplifypro node-locked

Ready




Fig 06.22: Gate level diagram of design

Step 24: Go to xilinx main window. After selecting your top most file in source window, Expand process labeled “user constraints” and run process labellede “assign package pins”.
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Fig 06.23: Assigning pins to design

Step 25: User constraint file will appear on your screen. Assign pins to ports of your design. After assigning pins save your user constrainbt file. (See word document “FPGA Pin.doc”)
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Fig 06.24: Assigning pins to design

Step 26: Select your top most file in source window and then run process labeled “Implement design” in process window.
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Fig 06.25: Implement design

Step 27:  Run process labeled “Gnerate programming file” in process window. This process will generate bit file of your design.
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Fig 06.26: Generate programming file

Step 28: Connect FPGA Kit to your computer and run process labeled “ Configure device (iMPACT)” to load your file on FPGA.
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	Exercises:
	Fig 06.27: Load bit file



	Implement your register file on FPGA.
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