ENEE 245  Xilinx 13.2 Quick Start 1
This tutorial will show you how to:

· Use a combination of schematics and Verilog to specify a design

· Simulate that design

· Define pin constraints for the FPGA (.ucf file)

· Synthesize the design for the FPGA board

· Generate a bit file

· Load that bit file onto the Nexys2 board in your lab kit
I assume that you’re using an ENEE245 lab machine, or that you’ve installed Xilinx ISE 13.2 on your own machine. This tutorial is specifically for the Digilent Nexys2 board. 
Xilinx ISE Links:

http://www.xilinx.com/support/download/index.htm
Setting up a New Project and specifying a circuit in Verilog
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Start the ISE 13.2 tool from “Xilinx ISE Design Suite 13.2” on desktop.
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2. Create a new project. The Create New Project wizard will prompt you for a location for your project. Note that by default this will be in the ISE folder the very first time you start up. You’ll probably want to change this to something in your own folder tree.
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3. On the second page of the Create New Project dialog, make sure that you use the Spartan3e Device Family, XC3S500 Device, FG320 Package, -5 Speed Grade. You can also specify HDL as the Top-Level Source Type with XST as the Synthesis Tool, ISE as the Simulator, and Verilog as the language. These aren’t critical, but they do save time later.
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You will see a summary table when the configuration is done:
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4. You can skip the other parts of the dialog, or you can use them to create new Verilog file templates for your project.

5. Now you want to open a new source file. Use the Project->NewSource menu choice.[image: image5.png]o ISE Project Navigator (0.61xd) - CAECEVKiinx\example\example\exampleaise - [ISE Design Suite InfoCenter] kT

[5 Bl Edit View " Source Process Tools Window Layout Help

REASTIEY o v BB 2R

TEDS AR PEL:Q

& Add Source...

oo s ot OO T [ [T

Hierarc
Ed" . New VHDL Library..
o @ e Mool Compte Order bign st 13 Release overview

i Import Custom Compile File List...
T "™ bsign suite Highlights:
Disable Hierarchy Reparsing

The viewal

Yo e 0 [ R SR froducing the 7 Series Device Support

usingthetd """} Begin designing in Kintex™ -7 and Virtex&-7 devices today

from ':;Pl; Cleanup Project Files... Includes Intelligent Clock Gating to reduce dynamic power

wsngtheDl TP EEERTE

Ubrariespa 5 e am Design Flow

s e proved productivity in embedded design, implementation design flow, and verification

"P1735 encryption low for simulation inter-operabilty

B | € Fo Frocesses|  Design Goals & Sirategies... dence® AX Bus Funcion Model (BFH), sold separately, o veriy your AXI4 1P
74| No single design I Design Summary/Reports
H|@ @  Design g Design Properties... jates: Click here for the IP Release Notes library updates and new products.
= Resources
m

> ISE Design Suite: Release Notes Guide (Including What's New in Xilinx ISE Design Suite Chapter)
> ISE Design Suite: Installation and Licensing Guide
> Known issues inthe Xiinx ISE Design Sute 13 Release

| stert |8 Desien [ Files

Bl > ISE Design Suite InfoCenter [x]

Consle

“ i

“nsx|

6] Conzote [@ Fevors [0S Vermings |8 Find in Filer merelts
Add a new source to the project





6. This one will be a Verilog file, so make sure you’ve selected Verilog Module as the type and give it a name (test in this example).
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7. When you press Next you’ll get a dialog box that lets you define the inputs and outputs of your new module. Add two inputs (A and B), and one output named Z. Remember that Verilog is case sensitive!
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8. Then, the source wizard will provide a summary of port definition.
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9. When you Finish, you’ll have a template for a Verilog module that you can fill in with your Verilog code. It looks like this (note that you can also fill in the spots in the comment header with more information)
[image: image9.png]L ISE Project Navigator (0.61xd) - CAECEWlinx\example\example\example.xise - test]

. - —Es

[HEE

FRipLQ

“ i

ZLaunching Design Summary/Report Viewer...

Desien ~O8x 1 timescale ins / 1ps
o 8} InpLenentatiord) (G Simlatio 2 I1IIITIITEI T 1T 1I0E 1100110011001 1001100111101 1100 111101 111011110111
- 3 /7 Company:
& Hnerérchy s // Engineer:
example s/
| & & xcassooe-stgzz0 & // Create Date:  22:12:32 02/06/2012
[ e 7 /7 Design Name
= & . 2 8 // Module Name:  ctest
4 —| s 7/ meoect ame:
A 10 // Target Devices
o | 11 7/ Tool version:
0 | 22 7/ vezeriprion:
- A a3 s/
%| 12 // Dependencies:
= 1
@ 16 // revision:
17 // Revision 0.01 - File Created
P | €2 Yo Processes Ruming O 1 mnr . G
7% [ rocesses: test o M
. 20 /1201110011100 11101 1110011100 11100 1110011100 11100 1110011100 1110011100111101111111]
| = Design Summary/Reports 21 module test(
Gg|® @ Desion Usiies 22 input 3,
5@ @  User Constraints 23 input B,
T|@ T Synthesize - xsT 24 output 2
€2 Implement Design 2 1
T Generate Programming File ;_‘;
Configure Target Device 5 N,
€% Analyze Design Using ChipSc... )
R v
| stert |8 Desien [ Files ||\1\> & TSE Design Suite Infolenter || | [2) test.v <13 Desien Swmnary L |
Conzile coEx
Starced : "Launching ISE Text Editor to edit test.v'.

[ Consete

© prvors | 1L Warnines |18 Find in Files fesilis

Ln1Col1

Veriog





10. Now you can fill in the rest of the Verilog module to implement some Boolean function. Let us implement a NAND for this example. You can use any of the Verilog techniques that you know about (see the Ciletti book). Note that ISE 13.2 uses Verilog 2001 syntax where the inputs and outputs are defined right in the argument definition line. For this example, use the continuous assignment statement: assign Y = ~(A & B); as shown below, and then save the file.
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11. In order to use this Verilog code in a schematic, you’ll need to create a schematic symbol. Select the test.v file in the Sources window, then in the Processes window select Create Schematic Symbol under Design Utilities.
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12. You now have a Verilog code that you can simulate and synthesize as is, or can also use it in a schematic as a component.
Creating a Schematic
Your project can be totally Verilog, or totally schematics, or a mixture of the two. This example will feature a mix, just to show you how it can be done.
1. Start by going to Project->NewSource and this time choosing schematic as the type. Call this fulladder. 
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2. In the schematic window you’ll see a frame in which you can insert your schematic components. 
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3. You can select components by selecting the Symbols tab in the left pane. The first one to be added is under General Category and is the Title component for the schematic. You can fill in the fields of the Title by double clicking on it. 
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4. Then add three copies of test from my example library (top, file location on disk), and two copies of the xor2 component from the Logic Category.
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5. Then, use the wiring tool to connect up the components to make a Full Adder.
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6. Use the I/O Marker tool to add markers on the signals that need to be exported from this circuit.
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The circuit with the I/O Marker looks like this:
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7. Save the schematic. You are now ready to simulate the circuit that consists of part schematics (using xor2 from the Xilinx library), and part Verilog (your test.v code). If you go back to the Design pane and expand the fulladder schematic you will see that it includes three copies of test.v.
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Simulating your Circuit
Now that you have a saved source file (fulladder is the top file in this case), you can simulate its behavior. We’ll use the ISE simulator with a testbench to drive the simulation. Note that the testbench files that drive the simulations are also Verilog files.
To simulate the fulladder circuit:

1. Go to the Design pane (top left pane) and change the View field to Simulation. This changes the view to include sources that are interesting for simulation, and also changes the options in the Processes pane to show the simulation options.
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2. You can go to the Project->NewSource menu again, or you can select the Create New Source widget. This will bring up the New Source Wizard. In that dialog type in the name of your testbench file fulladder_tb (where the tb stands for testbench), and make sure to select Verilog Test Fixture in the list on the left. The box looks like
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3. The Next dialog asks you which source you want the testbench constructed from. Choose fulladder, of course. The code that gets generated includes an instance of the fulladder schematic named UUT (for Unit Under Test).
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4. Note that the generated template has some code with an ‘ifdef for initializing things. Let’s not use the ‘ifdef code. Instead write your own initial block and driving code for testing the circuit. Remember that good testbenches ALWAYS use $display statements and “if” checks so that the testbench is self-checking! You could enumerate all eight possibilities of the inputs and check the outputs. Let’s get a tiny bit tricky with a concatenation and a loop.
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5. Once you fill in the testbench with Verilog code to drive the simulation, you can check the syntax and run the simulation from the Processes tab.
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The output will be displayed as waveforms, and the $display data will show up in the console as shown (after zooming out to see all the waveforms). You can see that not only do the waveforms show the results of the simulation, but the $display statements have printed data, and because the circuit is correctly functioning, no error statements were printed.
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6. Let’s change the circuit to introduce a mistake to show off our self-checking testbench…
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It’s easy to tell that something’s wrong!

