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Summary
This document describes the step-by-step process to  implement a Xilinx Spartan3
FPGA-based design using the Xilinx tools for implementation.
Required Software
· Xilinx ISE Web Pack 
Note: Xilinx ISE WebPACK version 9.2 is installed on the computers in D115, under Windows. This tutorial is for this version of Xilinx ISE WebPACK.
· Digilent Adept Suite software installed on the computers in D115, under Windows.
· UCF generator for Digilent Nexys and Digilent Breadboard (see links in lab 4 and 5)

Required Hardware
· Nexys  Development Board 
· Digilent breadboard (for lab 5 and  project) 
 
	What to do:
	 How to do it:

	Make a new directory for
your project.
	It is recommended that you also create a new folder for your project, since the software will generate many files for your single project. You cannot create a new directory inside the Xilinx software package, so this must be done before running it using your windows browser of choice.  Do not have any spaces or special characters in your project name or folder.  

	Start a new project in Xilinx
	Start | Programs | XilinxISE | Project Navigator
Select “File | New Project” .(Note that Xilinx will open the most recently-used project, so you want to begin from scratch here). Browse to and select the directory you just created for your project. Then, enter a name for your project. Select a single word for the name of your project.
Ensure that “HDL” is selected for the top-level source type and click “Next”. Specify the device type by entering the following fields:
Product Category=ALL
Device Family = Spartan3
Device = XC3S400  (for Nexys Boards)
Package = FT256
Speed = -4
Synthesis tool=XST(VHDL/Verilog)
Design Flow = XSTVerilog
Generated Simulation Language=Verilog
Leave the remaining check boxes at their default values, click the “Next” button  a couple of times and click  “Finish”. 

	Add your Verilog HDL circuit  to the project

	Select “Project | Add Source...” in the Project Navigator window. Navigate to the folder that contains  *.v  (your circuit, not the testbench).

Note: It is possible to write a Verilog description that simulates successfully, and yet is incompatible in some way with the hardware synthesis or implementation steps in Xilinx ISE. This is not necessarily a shortcoming of ISE, but rather is due to the fact that Verilog is inherently a simulation and modeling language, and hardware synthesis tools only deal with a subset of the language. 


	Create  the  UCF (User Constraint File) for your design 
	Change “Sources For” to “Synthesis/Implementation”, and then single-click your top-level module in the “sources” window in the upper left corner. Identify the “Processes” window in the lower left corner and expand the “User Constraints” hierarchy button by clicking the plus sign. Double-click the ”Edit Constraints” process and say “Yes” to the prompt to create a UCF file.

Important: You must select the top-level module first before you 
Create the constraints file, because it is possible to associate a UCF with submodules.

Use the “UCF generators for Digilent Boards” (see links in lab 4 and 5) to create the UCF. The UCF generator is an Excel spreadsheet that translates your Verilog port names into FPGA pin assignments. Copy all the text from the yellow box in the UCF generator to the editor in ISE, then save the file in ISE.

Important: Copy and paste all of the available text in the yellow box. The”Config Prohibit” lines will help prevent accidental improper connections that could damage your board. 

Note: Xilinx ISE knows nothing about external devices connected to the FPGA board.  It will randomly chooses pins to connect your inputs and outputs. These pin assignments have nothing to with the I/O board or the breadboard.  You must find the proper pin assignments (using the Excel files provided) and modify the  ucf file to reflect the proper pin assignment.

The UCF generator spreadsheet helps you to make the correct pin assignments. However, if you later add an additional output port to your module, but then forget to make the associated pin assignment in the UCF file, the “Config Prohibit” line will cause the place-and-route to fail, drawing your attention to the problem. So, it is very important that you include all of the “Config Prohibit” constraints, otherwise the new output may be assigned to a wrong pin.  Consider saving the UCF generator spreadsheet to your project folder so that updates and changes can easily be made later on. 


	Synthesis process  
	Start the hardware synthesizer by selecting your top level module from the “Sources” panel. 
Double-click the “Synthesize” process in the lower left “Processes” panel.  

NOTE: A green checkmark on a process means all is well; a yellow exclamation point means one or more warnings were generated; a red X means a fatal error.  You can find the warning and error messages in the bottom scrolling window of the Project Navigator.
If you have errors, you can edit your Verilog files in the Xilinx ISE environment. Double-click the *.v file in the “Sources” panel to open it in the editor. Synthesis will pick up any syntax or synthesis errors, but major modifications of the program may result in incorrect operation. You need to resimulate to catch these errors. Always begin by attacking the first problem mentioned in the warning/error list, since many of the subsequent messages may stem from the first problem.

Once you have corrected a problem, re-run by right-clicking the “Synthesize” process and selecting “Rerun” or simply double-click the “Synthesize” process again.  Expand the “Synthesize” process to find the synthesis report (includes the device utilization summary; how much of the FPGA resources are used). The “RTL Schematic” viewer, also available under the “Synthesize” process, gives you a schematic view of the hardware that was synthesized from your Verilog description, which can be very helpful when troubleshooting your design.


	Generate the bitstream 
	First, right-click on the “Generate Programming File” process, select “Properties”, select “Startup Options” tab, and specify the “JTAG Clock” option for the “FPGA Start-Up Clock” (you will need to do this step one time for a given project). 

Create the (*.bit) file by double-clicking the “Generate Programming File” process.

Note: In general you can run all the previous processes by double-clicking the desired final process. For example, if you make a change to *.v file, the implementation data will be cleared (all the checkmarks disappear) and double-clicking the “Generate Programming File” will cause the synthesis and implementation processes to run automatically.
If you want to regenerate all projects files from scratch , select  the “Project” pulldown menu at the top of the main window and choose “Cleanup Project Files”.


	Download the bitstream file to the FPGA  board:
	Test the board (optional)
Follow the instructions located in the Nexys boards’ boxes. If you cannot find the instructions, ask the instructor for a copy.  

Connect the USB-side of the JTAG-USB cable to your computer, to apply power to your board. Make sure the power switch is on.  Youshould see the Power LED active and the eight discrete LEDs active. 

Start the “ Digilent Adept Suite” software to transfer the bit file (*.bit) to the FPGA Nexys  board
Connect the board. Select “Onboard USB”
 Browse to the folder  where your bit file is located and select your bit file. Hit Program. 
The FPGA board should be successfully programmed. 



Additional Notes:
· You can remove files from your project by selecting the desired file from the “Sources” panel, right-clicking and choosing “Remove”. Note that your files are not deleted from the file system, but simply become unknown to the Xilinx Project Navigator. 
· If something  does not seem right about the behavior of the software tool, try selecting 
“Project|Cleanup Project Files” to start from the beginning.
· You can learn the resource usage of your design by opening the “Map Report” located in the process “Implement Design|Map|Map Report”.
·  In Xilinx ISE you can see a schematic representation of the hardware synthesized from your circuit’s Verilog description by looking at the “RTL Schematic” Viewer under the “Synthesize” process. Enable the “Keep Hierarchy” option to preserve the module boundaries of more complex design; do this by right-clicking on the “Synthesize” process, select “Properties”, select the Synthesis Options” tab, then set “Keep Hierarchy” to “Yes”.  
· You can see how your design was routed on the chip itself by looking under “Implement Design|Place& Route\View/Edit Placed Design”. Do not change the design!

This tutorial was created based on previous tutorials developed by Dr. ED  Doering.
For more information  and video tutorials  check:
http://ece-1.rose-hulman.edu/cadhelp
