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Lab 1
Introduction to Xilinx Design Software

1 Objectives

In this lab you will learn how to use a schematic capture system to draw a network of logic gates for
a simple design. The major advantage of computer-based capture of your design is that the computer can
simulate the logical behavior of your design. The simulation allows you to verify that a circuit operates as
you expect, before it is built. Therefore, this tutorial lab also introduces you to a simple logic simulator.

We will use the student edition ¥flinx Foundation Edition 2.1, an extensive electronic CAD
(Computer-Aided Design) system. The steps you will go through in this lab are:

a) Start a new project.

b) Draw schematic.

c) Simulate it.

The Xilinx software, like most Windows programs, uses small, unintuitive icons for different
features. However, if you hold your mouse over one of the icons for a few seconds, a little flag will pop up
naming that button. Theilinx Foundation Project Manager can be found on the Windows desktop.

2 Prelab

Things to do/knovibefore coming to lab:
* Read through this lab.

* Learn Windows: In the CS150 lab, the Xilinx software is run under Microsoft Windows NT 4.0. The
software can also run under Windows 95 and 98 for those of you that would like to run it at home. (We
will let you know, when it is available to you to run at home.) You need to know how to use pull-down
menus, move windows, get around the program and file manager, etc. Your best bet may be to ask a
colleague for help. Th&As may also be helpful.

A few helpful hints:

Your best defense against software bugs is to save your work often. Save on the network (drive U:
houses class accounts) as well as on a personal floppy disk. In the past, we have experienced problems
with Windows NT and the network randomly to truncating files. For safety, first make sure the files you
are copying from the network to your floppy are not corrupted.

RememberCtr| - Al t - Del is your friend (this interrupts things under Windows NT, giving
you chance to kill buggy programs, change your password, etc).

When a particular mouse button is not mentioned, assume the left. For example “click” usually
means “click with the left mouse button”.



3 Before Getting Started

A word of warning: Software systems such as Windows andXitiex Foundation Project
Manager are never entirely bug-free or perfectly set up, so don't be surprised when something unexpected
comes up. Usually the best thing to do is to click OK and hope that it is. (Here we are referring to problems
with the software; never ignore error messages about your design!). Also, rem@embeAl t - Del can
help when Windows stops behaving, EfC key can get you out of modes or actions that you would like to
cancel when using the Xilinx software.

If it is not already powered up, power on the computer. It should happily boot into Windows NT. Log
in. Your login name should be your Cory account log in name. If you do not have a Cory account, you will
need to obtain one and contact your lab TA.

4 The Software

4.1  Starting the software
To start the software. Locate tKdinx Foundation Project Manager icon on the desktop and
double click.

4.2  Starting a new project
Starting the software will bring up the program manager and a window that will allow you to select
an existing project or create a new one. Seléctate a New Project and then click on OK”.
The next window that comes up allows you to specify the basics of your project; Its name, location,
type of design flow, libraries, type of chip, and device speed.
For this lab, usel“ab1” as your project name and set the directory to your class directory:
U: \ your _user nane
The values for the rest of the fields for this lab, all subsequent labs, and the project, should be:
Type: Foundation Series v2.1
Flow: Schematic
Library: XC4000E
Chip:  4005EPC84
Speed: 1
Clicking on “OK” will bring the program manager up.

4.3 The Project manager

The project manager is the base for anything you will want to do with your project. From it you can
do circuit entry, simulate/test your design, prepare your circuit for downloading to hardware, and do quite a
few other things which we will cover in future labs.

This week we will draw a circuit with the schematic editor, and then simulatthitogic
simulator.

4.4 The Schematic Editor

The schematic editor is drawing software made especially for drawing logic circsitsematics
(logic circuits or diagrams will be calledhematics throughout most of the rest of this course).

To start the schematic editor, click on tlk&dw” tab in the right, upper panel of the Project
manager, then click on the rightmost icon (an AND symbol) in Bresign entry’ box.

Once the schematic editor comes up, you will see a column of icons on the left side of the window
and a row of icons above the drawing area. The column of icons on the left contains icons for doing the
actual drawing.



The icons are:

Select : For selecting a component or region

Hierarchy Push/Pop : For navigating through the hierarchy of design

Symbols Toolbox : For adding components from included libraries such as AND gates
Draw Wires : For drawing wires (or nets, as they are often called)

Draw Buses : For drawing multiple wires at once as one ‘bus’

Draw Bus Taps : For drawing wire connections to a named bus

Add Net or Bus name : For adding additional net or bus names to existing nets or buses
Hierarchy Connector : For designating I/0O nets in symbol and macro schematics
Graphics Toolbox : For drawing lines, text, circles...

Note, the “Power Symbol” icon from Foundation v1.5 has been obviated by the use of symbols
“GND” and “VCC” from the Symbols Toolbox

Clicking on the Select icon puts you in $elect mode. In select mode, clicking on an item selects
it, or you can drag over an area to select the area. Double clicking on a component when in the select mode
brings up the component’s properties dialog, and dragging on a selected object moves it around. Delete will
remove all selected objects.

The “Symbol Toolbox icon brings up a dialog box with the available components listed (e.g. AND
or OR gates, adders, memory components, and other more complex components). To move a component
from the dialog box to your schematic, click on the component in the list that you wish to use in your
schematic, then click in the work area where you want to put it down. To put down another component of the
same type as one that is already in your schematic, while still irsthetfol ToolboxX' mode, click on the
existing component, and then click where you would like to have a copy of it. To return to the “Select” mode,
you can press thHeSC key, double click on the upper left hand corner of the toolbox dialog, or click on the
select icon again.

Clicking the right mouse button over the work area will bring up a menu containing the drawing
functions. Clicking the right mouse button over a component, such as an AND gate, will bring up a menu
containing operations on that symbol (symbols will be covered a little later in this handout).

The icons above the drawing area are for doing things not directly related to drawing. They are:

New schematic Cut Undo Simulation Toolbox
Open a Schematic Copy Redo Simulator

Save Paste Properties Query Window
Projects Zoom In/Out Connect Symbol

Print a Schematic Zoom Area Disconnect Symbol

Full Page Zoom

Try to get used to using as many of these as soon as possible. You will be glad you did when you
have to draw much larger designs later in the semester.

4.5 The Logic Simulator

The logic simulator allows you to set values to any pins or named wires in your schematic and
observe the behavior resulting from setting those values. The results can be watched through the command
window (a textual interface) or through the waveform viewer (which shows results in a graphical form).

To start the Logic Simulator, click on thElbw” tab in the upper right panel of the Project
manager, then click on the icon (an AND symbol with squiggles in a little black box on top of it) in the
“Simulation” box.

To select signals to watch, click on tH&elect Componeriticon (See Figure 1). Double click on
the signals that you wish to watch. As you double click on a signal it should immediately appear in the
waveform viewer's list of signals that are being watched.

There are two ways to set signal values; Through$eéett Stimulator’ dialog or through the
command window. Both of these will be introduced in greater detail later in this handout.



Once you have selected signals to watch and set the input values to your circuit, you can simulate
your circuit’s behavior. Single step simulation can be done in the command window by sipifigr by
clicking on the Simulation Step’ icon which is located under the “Window” menu.

Signals presently being watched.
Clear screen. Deletes all displayed waves.
Displajide measurements.
Display group of wires as singldibdi/idual wires.
Displayptélect Componeritdialog.
Displagélect Stimulators dialog.
Results of simulation.
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Figure 1: Logic Simulation Window

5 Entering an XOR Gate Schematic (To Do #1)

Use the Xilinx schematic editor to create a schematic for an XOR gate using Figure 2 as a guide.

X——¢ }

Figure 2: Schematic for an XOR




Set up:

1. Start a new project calledlabl”. (See 4.2 Starting a new project).

2. Start the schematic editor. (See 4.4 The Schematic Editor).

3. Open a new schematic by selectifilp New Sheet or by usingCtrl+N .

4. Save sheet to a schematic file calgXOR by going toFile Save As.., changing the
name of the file to be savedMyXOR.sch, and clicking orOK.

Adding components :

1. Click on theSymbols Toolboxicon.

2. Select the 2-input NAND symbol. Find it listed in tBgmbols toolboxby typing “N” at the
bottom of the window or by scrolling down in the window. Click to select.

3. Move the mouse pointer over to the work area and click where you want to place the gate.

4. To place an additional NAND gate, click on the one you just put down, then click where you
want to place the next one.

5. Repeat until all four NAND gates have been put down.

Adding wires:

1. Click on the draw wires icon.

2. Here let's connect the easiest wires first: First connect wires between gate pins, such as the wire
between “b” and “d". Click on the output pin of “b” and then click on the input pin of “d”.

3. Next connect “a” and “b”". Then connect “c” to the wire connecting “a” and “b”. (Clicking in
space will allow you to put bends in the wire and clicking on a wire will attach the wires).

4. To draw the output wire “F”, click on the output pin of “d” and then click the RIGHT mouse
button where you want to end the wire. Select “label” from the menu that comes up. In the
window that comes up, enter the wire name “F”". Labels can be corrected or added to a wire
after it has been drawn by double clicking on the wire. This brings up a dialog where you will
be able to set or change the wire’s attributes.

5. You should now be able to finish drawing the rest of the schematic. You can then move wires
that didn’t end up exactly where you wanted them by entering the “Select” mode and dragging
the wires to where you want them. Selecting a wire then pressing delete will erase that wire.

NOTE: It is not necessary to draw wires between everything you want connected. Wires with the
same name in the same schematic are connected implicitly. Use this facility when it makes your schematic
clearere.g. to avoid excessive wire clutter. In addition, a schematic may consist of multiple pages, each
schematic filename ending in 1, 2 etc. Such wires are connected across multiple sheets of the same
schematic. Although this is often a useful feature, it may confuse a schematic, making it harder to debug.

Saving and checking the schematic:

1. SelectFile Saveor click on the floppy icon to save file.

2. To make it possible to simulate, createetlist by selectin@ptions Create Netlist.

3. To catch other errors before you go to simulation,@ptions  Integrity Test . (The design
for lab1 will probably not have any errors that will be caught by the integrity test).

4. You may need to ru@ptions Export Netlist.to make it possible for othe&ilinx software
to access your design. Making a change to your schematic while running the simulator may
also require manually selecti@ption Update Simulation In most cases, changes are
propagated transparently.

Please save trees and DON'T print out your design for lab1.

6 Simulating your circuit (To Do #2)

Setting up the simulation of your XOR circuit:
1. Start the Ltogic Simulator”.
2. Selectthe X, Y, and F signals to watch.



Simulation using Select Stimulators dialog:

1. Display “Select Stimulators dialog by clicking on icon or by runningignal Add
Stimulators...

2. Select the X signal in the logic simulator window, then click on BBeéct Stimulator”
window. BO is the lowest bit of a 16 bit counter and alternates 0 and 1 ohafclock. Set
your step size (which is displayed next to tBéiulation Step’ button) to 50ns and your BO
period Options Preferences..) to 100ns for this lab.

3. Select the Y signal and set it to B1.

4. Step through a number of cycles by using tBeriulation Steg’ button.

Simulating using the Command window:
1. Open the Command Window” (Window Command Window).
2. Erase old waveforms and signaBignals Delete Signals All ).

3. Type:
restart
wxyf ) .
Ixy ‘restart’ sets time back to zero, and resets all signal vall
sim to unknown. ‘w’ adds the signals ‘x’, ‘y’, and ‘f' to the
hy Waveform Viewer, ‘I’ (it's an ‘L', not a one) means to se
sim the following signals to zero. 'h’ means to set the signal

h x value to one.sim’ does the same thing as the “Simulatio
ly Step” step button does.

sim

hy

sim

You can save this to a file by using theobls  Script Editor”. Enter commands just as you
would when using the command window, and then run the file uFiitey “ Run Script File”. This will be
helpful when you start testing larger circuits.

7 Create a Symbol (To Do #3)

To use your XOR gate in other schematics, you need to create a symbol for it. Like the NAND gates
you used, the symbol for the XOR gate will consist of a shape with some pins where nets can connect. With
this symbol, your XOR gate can be used just like you used the NAND gates.

X

E
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Figure 3 : Symbol for an XOR gate



There are two ways to create a symbol. The first is to uddignarchy New Symbol Wizard
but since you have already drawn your XOR, and using the Wizard will require you to redraw, we will use
the second method.

Creating a symbol:

1. Go back to Schematic editor. Bring up your MYXOR circuit.

2. Hierarchy connectors need to be added to the inputs and outputs of your schematic. You can do
this from the Symbols Toolbox (top left icon in toolbox) or by clicking on the hierarchy
connector icon on the left side of the Schematic Editor.

3. For X, input “X” as the terminal name and select INPUT as the terminal type. Click OK and
place the terminal near the X input wire. Connect the new terminal and X with a net.

4. Do the same for Y. Also, do the same for F but make sure you set the terminal type to
OUTPUT.

5. Save the new schematic.

6. Click on “Hierarchy Create Macro Symbol from Current Sheet”. Everything should be
set, but check to make sure the inputs and outputs are correct. Press OK and you're done. You
should now have a component available in your symbols toolbox called MYXOR.

WARNING : To edit a schematic for a macro Uske  Open Macro. Editing the MyXOR
schematic willnot change the logic for yolMyXOR symbol.

8 4-Bit Ripple Adder (To Do #4)

In this section, you will use the Schematic Editor to draw and simulate a full-adder. Then you will
use this basic block to build a 4-bit ripple adder.

The truth table in 4a defines a full-adder. The full-adder has three inputs, A, B (two addends), and
Cl (carry in), and two outputs S (sum), and CO (carry out).

A multi-bit ripple adder can be built from smaller multi-bit ripple adders (a full adder). Figure 5
shows a 4-bit ripple adder built from four full-adders. A 4-bit adder adds two 4-bit numbers to produce a 4-
bit result and a carry out bit. Enter the design and simulate with the data as shown on the checkoff page.
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Figure 4: (a) full-adder truth table and (b) Schematic derived from truth table.
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Figure 5: 4-bit adder
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10 Checkoffs

To save yourself (and the TA) time, complatiesections below, then have the TA examine your

work.

10.1 Create and Simulate a Full-Adder Cell
Figure 4b shows a typical full-adder. Enter it into the schematic editor and build a symbol for it.

Bring up the simulator and simulate the full-adder to obtain a waveform representation of the truth table.
Show your TA a working full-adder.

TA: (40%)

10.2 Create 4-Bit Adder

Use Figure 5 as a guide, build a 4-bit adder.
Show your TA the working 4-bit adder.

TA: (20%)

10.3 Simulate 4-Bit Adder

Simulate the 4-bit adder for the following inputs and determine the delay through the adder for each.
NOTE: Please change simulation type from “Functional” to “Unit” (Pull-down menu directly under Option
menu in simulator window), and set the simulation precision value @gkien  Preferences.. dialog to
10ps. To measure delays, turn on measuremeni&aveform Measurements Measurements o),
then, to make the measurements visible, click ofi kh¢ |] button in the waveform viewer. Left click
on the left edge of the region that you would like to measure, then left click again on the right edge to get a
reading.

Delay

0000 + 0000
0101 + 1111
0000 + 1111
1111 + 0001

What is the worst case delay for this adder?
Why do you think this is the maximum?

TA: (40%)

10.4 Turned in on time

TA: (full credit (100%))

10.5 Turned in one week late

TA: (half credit (50% x points))




