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LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ 5ƛƎƛǘŀƭ [ƻƎƛŎ 5ŜǎƛƎƴ ǿƛǘƘ CtD!ΩǎΥ 

Digital logic circuits form the basis of all digital electronic devices.  FPGAs (Field Programmable Gate 

Array) are large programmable digital electronic devices.  They are very generic and non-functional until 

the digital designer programs its functionality.  Instead of wiring chips together the logic is connected 

using a CAD (Computer Aided Design) program to make the connections required to implement the 

function(s) the designer has in mind.  There are different ways that this task can be accomplished.  One is 

using a text language called a HDL (Hardware Description Language).  Another is called schematic entry.   

This tutorial will walk you through the steps to implement a function that will detect a prime number 

between 0 and 15 using a FPGA.  The numbers are 1, 2, 3, 5, 7, 11, & 13; or in binary 0001, 0010, 0011, 

0101, 0111, 1011 & 1101, respectively.  The input will be a 4-bit (bit = binary digit) number called a bit-

vector or bus.  This input will be supplied by the student using the switches SW3-SW0.  The outputs will be 

ŜȄŀƳƛƴŜŘ ōȅ ƻōǎŜǊǾƛƴƎ [95Ωǎ ƻƴ ǘƘŜ ōƻŀǊŘΦ 

 

Steps Involved: 

1. Creating the (a) schematic or (b) HDL model using CAD software, 

 

2. Synthesizing the circuit for the FPGA (analogous to compiling a software program), 

 

3. Simulation (or test phase), 

 

4. Configuring the FPGA with our .bit file, and  

 

5. Testing the design. 
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Step 1 ς Starting a Logic Design Project: 

 Start by creating a directory in your Ψay DocumentsΩ ŦƻƭŘŜǊΣ Ŏŀƭƭ ǘƘŜ ŘƛǊŜŎǘƻǊȅ άtǊƻƧŜŎǘǎέΦ 

o You can subdivide your directory structure any way you like; however, it is highly 

recommended that you create separate directories for each project. 

o For most CAD software packages, there are many file created for each project.  Sometimes 

the files have the same names.  Also, it is easier to move your project from computer to 

computer if you keep the projects organized and separate from one another. 

 

 Under ǘƘŜ ΨtǊƻƧŜŎǘǎΩ ŦƻƭŘŜǊ ŎǊŜŀǘŜ ŀ ŦƻƭŘŜǊ ŎŀƭƭŜŘ άtǊƛƳŜ5ŜǘŜŎǘƻǊέΦ  ¢Ƙƛǎ ŘƛǊŜŎǘƻǊȅ ƛǎ ǿƘŜǊŜ ǘƘŜ Xilinx 

CAD software will build your project. 

 

 Note: you could also build your project on a UFD (USB Flash Drive).  This is the method the author will 

be using during the tutorial. 

 

 Start the Xilinx Project Navigator.   

o άStart Ą All Programs Ą Mosaic XP Ą Engineering Ą Electrical Ą Xilinx Webpack Ą  

·ƛƭƛƴȄ L{9 тΦмƛέ 
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 !ŦǘŜǊ ǘƘŜ ǇǊƻƎǊŀƳ ƻǇŜƴǎ ǎǘŀǊǘ ŀ ƴŜǿ ǇǊƻƧŜŎǘ Χ CƛƭŜ Ą New Project.  A project wizard will open as 

follows. 

 

 

 Under Project Name type primeDetector, under Project Location click on the elipse and browse to the 

ǇǊƻƧŜŎǘ ŘƛǊŜŎǘƻǊȅ άǇǊƛƳŜ5ŜǘŜŎǘƻǊέ ȅƻǳ ŎǊŜŀǘŜŘ ŀōƻǾŜΦ  CƛƴŀƭƭȅΣ ǎŜƭŜŎǘ {ŎƘŜƳŀǘƛŎ ŦǊƻƳ ǘƘŜ ŘǊƻǇ Řƻǿƴ 

ƭƛǎǘ ǳƴŘŜǊ ά¢ƻǇ-[ŜǾŜƭ aƻŘǳƭŜ ¢ȅǇŜΥέ 

 

 
 

 Click Next. 
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 This next page of the wizard will set up the chip information for the FPGA you are using.  The FPGA 

information is printed in small text on the top of the FPGA. 

 

o For the Digilent, Inc. Nexys2 

boards use the following settings: 

Á Device Family:  Spartan 3e 

Á Device:  xc3s500e0 

Á Package:  fg320 

Á Speed Grade: -4  

Á  

o For the Spartan3 Starter Kit board 

use the following settings: 

Á Device Family: Spartan 3 

Á Device: xc3s200 

Á Package: ft256 

Á Speed Grade: -4 

Note: this information is printed on 

the top of the FPGA IC. 

 

o Do not change any of the settings in the bottom section.  The default setting will suffice. 

 

 Click Next. 

 

 /ƭƛŎƪ ƻƴ ǘƘŜ άbŜǿ {ƻǳǊŎŜέ ōǳǘǘƻƴΦ  ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǿƛƴŘƻǿ ǿƛƭƭ ƻǇŜƴ Χ 

 

 
 

 In the left half of the window, click on Schematic.  Then, type primeDet_top for the Filename.  Do not 

change the location of the file.  This is the top level schematic.  
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 Click Next and then click Finish.  The following pane in the New Project wizard should be displayed. 

 

 
 

 Click Next.  Since we do not have any existing schematics to add to this project, click Next again.  

Finally, the project summary is shown.  Click finish and your project will be set up. 
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 The Project Navigator window should look like the following: 

 

 

 

 Double click on the primeDet_top.sch item in the Sources pane.  An empty schematic sheet will open 

in the Working pane. 

 

 You have now formed the basis structure of your project. 

 

 To periodically save all your work, click on the Save All button.   

 

 

  

Sources 

Pane 

Processes 

Pane 

Working 

Pane 

Information 

Pane 

Toolbar 

Pane 
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Step 1.1 ς Schematic Capture (graphical model of circuit): 

 The student will now create a schematic model of the Prime Number detector. 

 

 In the Sources pane, right click on the top-

ƭŜǾŜƭ ǎŎƘŜƳŀǘƛŎ ŀƴŘ ǎŜƭŜŎǘ ΨbŜǿ {ƻǳǊŎŜΩΦ 

 

 ! ƴŜǿ ǿƛƴŘƻǿ ŀǇǇŜŀǊǎ Χ ǎŜƭŜŎǘ ǎŎƘŜƳŀǘƛŎ 

on the left and type in the name of the new 

schematic. 

 

 Click Next, then Finish. 

 

 Notice that the new schematic sheet is on 

the same leveƭ ŀǎ ǘƘŜ άǘƻǇέ ǎŎƘŜƳŀǘƛŎΦ  ¢Ƙƛǎ 

will change later when you add the 

schematic to the top-level design schematic. 

 

 

 

 Now the student will add the gate symbols to make up the circuit. 

 

 

 

 To add symbols select the Symbols tab in the Sources 

pane. 
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 Now click the up-arrow in the upper-right of the 

Sources pane to improve the visibility of the various 

fields within the Symbols tab of the Sources pane. 

 

 

 

 

 

 

 

 

 

 

 

 A down arrow now shows up in place of the up arrow 

and the Sources pane is expanded.  You can do this 

anytime you like to improve the visibility of the 

Sources pane. 

 

 In the Categories box, scroll down until you see the 

Logic item; select Logic by left clicking on it. 

 

 The Symbols box now shows only logic gates. 

 

 To narrow the selection, ƭŜŦǘ ŎƭƛŎƪ ƻƴ ǘƘŜ Ψ{ȅƳōƻƭ 

bŀƳŜ CƛƭǘŜǊΩ ōƻȄ ŀƴŘ ǘȅǇŜ άŀƴŘέΦ 

 

 [ŜŦǘ ŎƭƛŎƪ ƻƴ ά!b5нέΣ ǘƘƛǎ ƛǎ ŀ ǘǿƻ ƛƴǇǳǘ !b5 ƎŀǘŜΦ 
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 Move the mouse cursor to the working 

window.  The working window should 

be primeDet_sch. 

 

 Left click in sector B3 of the 

primeDet_sch schematic sheet.  This 

will place the component. 

 

 

 

 

 

 

 

 

 

 

 

 

 Now select AND3 from the Symbols box and place 

that symbol by repeatedly left clicking in the 

positions shown in the figure to the right. 

 

 NOTE: if you make a mistake press Ctrl-z to undo 

last action. 
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 bƻǿ ŦƛƴŘ ŀ п ƛƴǇǳǘ hw ƎŀǘŜ Χ ȅƻǳ 

Ƴǳǎǘ ŎƭŜŀǊ ǘƘŜ Ψ{ȅƳōƻƭ bŀƳŜ CƛƭǘŜǊΩ 

ōƻȄ ŀƴŘ ǘȅǇŜ άƻǊέΦ  tƛŎƪ hwп ŀƴŘ 

place it in the schematic as shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 You are now ready to begin connecting the AND gates to the OR gate. 

 

 Left click on the Wire Drawing tool in the toolbar (upper-left of {Proj Navigator window} 

 

 Move the cursor to the 

output of the 2 input AND 

gate; you should see the 

connection marks indicating 

the gate pin where a 

connection will be made. 

 

 Left click to attach the start 

of the wire. 

 

 Move your cursor to the 

top-most input of the OR 

gate.  Again you should see 

the connection marks that 

indicate this is where the 

wire will terminate. 
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 Left click and the connection is 

made. 

 

 Repeat until all the outputs of the 

AND gates are connected to their 

respective inputs of the OR gate. 

 

 

 

 

 

 

 

 

 

 

 

 

 You circuit should look like the 

one to the right.  

 

 

 

 

 

 

 

 

 

 

 

 Now connect a wire stub to each input of the AND 

gates and a stub to the output of the OR gate.  The 

figure to the right shows the first stub. 

 

 You can repeat this operation by selecting the 

Selection tool (left-Ƴƻǎǘ ōǳǘǘƻƴύ ƻƴ ǘƘŜ ǘƻƻƭ ōŀǊ Χ 

it is an arrow. 

 

 Select the wire stub you just created; it will turn 

red indicating what has been selected. 

 

 Press Ctrl-C (copies wire to clipboard). 
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 Press Ctrl_V to paste the wire in the clipboard, then left-click to place the wire at each of the inputs to 

the AND gates in turn.  Finally, place a wire by Ctrl_V and left-click on the output of the OR gate.  Your 

circuit should now look like the following. 

 

 
 

 We will now begin naming the wire stubs just created. 

 

 /ƭƛŎƪ ƻƴ ǘƘŜ ²ƛǊŜ bŀƳƛƴƎ ǘƻƻƭ ƛƴ ǘƘŜ ǘƻƻƭōŀǊ Χ Ƨǳǎǘ ǊƛƎƘǘ ƻŦ ǘƘŜ ²ƛǊƛƴƎ ǘƻƻƭΦ  

 

 

 You will need to increase the size 

of the Processes pane.  The 

Processes pane is minimized below 

the Sources pane (enlarged).  Click 

on the up-arrow just below the 

Sources window.  
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 The Wire Naming tool is manipulated in the Options 

tab of the Processes pane.  See figure to the right. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Click in the Name box and type 

a name for the wire.  The top-

most input on the AND2 gate 

ƛǎ άŘnόоύέ 

 

 The name follows the cursor. 
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 Click on the end of the wire you want 

to name.  The result will be as shown 

in the figure to the right. 

 

 

 

 

 

 

 

 

 

 

 

 Continue with this process, of naming wires, until all the wires are named as shown in the following 

figure.  Note: there are d(x) and dn(x).  Also, nƻǘŜ ǘƘŀǘ ǘƘŜ ƻǳǘǇǳǘ ƛǎ ƴŀƳŜŘ άǇǊƛƳŜέΦ 
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 The bit-vectors of which d(x) and dn(x) are elements need to be defined; i.e., they need a source.  The 

bit-vector dn() equals NOT d().  The final components are inverters.  We will be handling these 

components with vector notation, by making an array of inverters. 

 

  Find and add a single inverter (inv) 

to the bottom of the schematic.  

Double-click on the inverter.  The 

symbols properties dialog box 

opens, as shown on the right. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Change the InstName property to 

·[·LψммόоΥлύ Χ ƛΦŜΦΣ Ƨǳǎǘ ŀŘŘ ǘƘŜ 

array notation to the end of the 

default InstName property.  We 

have just made an array of 

inverters four wide.  We use this 

for working with busses (bit-

vectors).  Note: the InstName for 

your inverter may be different, the 

important thing is to make it an 

array. 
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 The array of inverters will look like a 

regular inverter, except the lines in the 

graphic symbol will be thicker, as 

shown to the right. 

 

 Add wire stubs to the input and output 

of the array of inverters.  Note: that 

the wires will be thicker in appearance 

as well.  This indicates that the wire is 

a bus (or bit-ǾŜŎǘƻǊ ƻǊ ŀǊǊŀȅ ƻŦ ǿƛǊŜǎ Χ 

however, you want to think of them). 

 

 Name the input bus stub for the 

ƛƴǾŜǊǘŜǊ άŘόоΥлύέ ŀƴŘ ǘƘŜ ƻǳǘǇǳǘ ōǳǎ 

ǎǘǳō άŘƴόоΥлύέΦ 

 

 The end result of the inverter circuit is 

shown in the lower figure to the right. 

 

 Now, the finishing touches for the 

schematic model.  We will add I/O 

Markers to the inputs and outputs we 

want to connect to from the outside. 

 

 Click on the IOMarker tool on the 

toolbar.    

 

 

 Move your mouse cursor over the d(3:0) label you just created and click.  An input marker will appear 

over the bus name. 

 

 The IOMarker tool is still selected.  {ƻΣ ƳƻǾŜ ǘƘŜ ŎǳǊǎƻǊ ǘƻ ǘƘŜ ƻǳǘǇǳǘ ΨǇǊƛƳŜΩ connected to the OR 

gate output and click on the end of the wire. 
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 The schematic should look like the figure below. 

 

 

 
 

 In order to use this model in the top-level schematic we need to create a schematic symbol.  The IO 

Markers will show up as inputs and outputs on the new symbol.  This process is discussed in the next 

section. 

 

 /ƭƛŎƪ Ψ{ŀǾŜ !ƭƭΩ ōǳǘǘƻƴ on the toolbar. 
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Step 1.2 ς Creating a Schematic Symbol for a Digital Logic Model 

 Make the Sources pane and the Processes pane both 

visible. 

 

 Select the schematic labeled primeDet_sch in the 

Sources pane. 

 

 Click on the Process View tab.  Make sure the Design 

Utilities item is expanded, as shown in the figure to 

the right. 

 

 5ƻǳōƭŜ ŎƭƛŎƪ ƻƴ ά/ǊŜŀǘŜ {ŎƘŜƳŀǘƛŎ {ȅƳōƻƭέΣ ǳƴŘŜǊ 

Design Utilities. 

 

 ! ƎǊŜŜƴ ŎƘŜŎƪ ƳŀǊƪ ǿƛƭƭ ŀǇǇŜŀǊ ƴŜȄǘ ǘƻ ǘƘŜ ά/ǊŜŀǘŜ 

{ŎƘŜƳŀǘƛŎ {ȅƳōƻƭέ ƛǘŜƳ ƛƴ ǘƘŜ tǊƻŎŜǎǎŜǎ ǇŀƴŜΦ  {ŜŜ 

figure below.  This indicates that the symbol file has 

been created.  The filename should be 

άǇǊƛƳŜ5ŜǘψǎŎƘΦǎȅƳέ and is located in the project 

directory. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  This process must be repeated if changes to the schematic effect the IO of the model you created. 

 

 You will use this same set of steps to create the schematic symbol for the VHDL model.  Just select 

the source you want to make the symbol for and double-ŎƭƛŎƪ ά/ǊŜŀǘŜ {ŎƘŜƳŀǘƛŎ {ȅƳōƻƭέΦ 
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Step 1.3 ς Creating a VHDL Model with Xilinx Project Navigator 

 

 Click the Project menu option and then select New Source. 

 

 In the New Source window, click on VHDL Module. 

 

 Give the model a filename.  In this case use primeDet_vhdl.  

 

 Click Next.  The New Source wizard will 

look the figure on the right. 

 

 Our model with have the same 

functionality as the schematic model.  

Thus, the IO is the same. 

 

 The first row under the Port Name column 

ǘȅǇŜ άŘέΦ  ¢ƘŜƴΣ ǘŀō ƻǾŜǊ ǘƻ a{. ŎƻƭǳƳƴ 

ŀƴŘ ǘȅǇŜ άоέΦ  ¢ŀō ŀƎŀƛƴ ǘƻ ǘƘŜ [{. ŎƻƭǳƳƴ 

ŀƴŘ ǘȅǇŜ άлέΦ  ¢Ƙƛǎ ƛǎ Ƙƻǿ ǘƻ ŘŜŦƛƴŜ ŀ ōǳǎ 

(a 4-bit bus or bit vector with 4 elements.) 

 

 hƴ ǘƘŜ ƴŜȄǘ Ǌƻǿ ǘȅǇŜ άǇǊƛƳŜέ ŀƴŘ ǎŜƭŜŎǘ 

ΨhǳǘΩ ƻǇǘƛƻƴ ǳƴŘŜǊ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ŎƻƭǳƳƴ 

for that row. 

 

 

 

 

 

 Click Next, then click Finish. 
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 You will be presented with a 

skeleton VHDL model with 

your IO defined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Place the cursor on line 39 of the figure above and tab over once, then type the following text.   
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 The bottom of the VHDL model should look like the following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Save all. 

 

 Create the schematic symbol for primeDet_VHDL using the procedures described for the schematic 

above. 

 

 Close all the tabs in the Working pane by clicking on the small x below the main window close button 

(in this case the red x).  Repeat until all the tabs are closed.  
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Step 1.4 ς Top-level Schematic Model 

 

 Double-click on the primeDet_top item in the Sources pane to open the top-level schematic. 

 

 Click on the Symbols tab in the sources 

window.  Expand the size of the processes 

pane to get a better view of the contents. 

 

 In the Categories box select the project 

working directory. 

 

 You should now see the symbols you created 

in the Symbols box. 
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 Select each symbol in turn and place them in your schematic.  See the figure below. 

 

 Wire the components up as shown in the figure below.  

 

 Give the wires and busses the names shown. 

 

 Add the IO Markers as shown. 

 
 

 Save All. 

 

 There is no need to make a symbol for the top-level schematic. 

 

 After you have saved the project the two models you created will show up as levels below the top-

level schematic in the Sources pane. 

 

 
 

 Making a model then placing it into a schematic is referred to as a Hierarchical structure.  You can 

nest models as deep as you please.  The idea is to break the design into manageable pieces. 
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Step 2 ς Synthesize the Circuit. 

 

 Select the top-level schematic in the Sources pane. 

 

 Select the Process View tab in the Processes pane.   

 

 Double click on the άSynthesize ς XSTέ item in the Processes pane.  Text will scroll by in the Console 

pane at the bottom of the Project Navigator window.   

 

 LŦ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ǿŜƴǘ ƻƪΣ ȅƻǳ ǎƘƻǳƭŘ ǎŜŜ ŀ ƎǊŜŜƴ ŎƘŜŎƪ ƳŀǊƪ ƴŜȄǘ ǘƻ ǘƘŜ ά{ȅƴǘƘŜǎƛȊŜ ς {·¢έ ƛǘŜƳ ƛƴ 

the Processes pane. 

 

o A yellow exclamation point means a 

warning was given.  The models will 

work; however, the CAD software is 

trying to warn you about a potential 

hazard. 

 

o In this design we get a yellow 

exclamation point.  Check the warning 

to make sure it is not hazardous to the 

functionality of the design. 

 

o To look at the warnings, click on the 

Warnings tab in the Information pane.  

The warnings will be displayed.   

 

o In this case we have a warning that is not hazardous to the model functionality.  An 

unconnected source pen.  The software is thinking (rather the software designers) that you 

went to the trouble of ŎǊŜŀǘƛƴƎ ŀ ǎƻǳǊŎŜ ŀƴŘ ȅƻǳ ŀǊŜ ƴƻǘ ǳǎƛƴƎ ƛǘ Χ Ƴǳǎǘ ōŜ ŀ ǇǊƻōƭŜƳΦ  ²Ŝƭƭ 

ƛǘΩǎ ƴƻǘ ǘƘƛǎ ǎƻƳŜǘƛƳŜǎ ƘŀǇǇŜƴǎ ǿƘŜƴ ǳǎƛƴƎ ōǳǎǎŜǎΦ  .Ŝ ŀǎǎǳǊŜŘ ǘƘŀǘ ǘƘƛǎ ǿƛƭƭ ƴƻǘ ŀŦŦŜŎǘ ȅƻǳǊ 

ŎƛǊŎǳƛǘǎΩ ƻǇŜǊŀǘƛƻƴΦ 

 

o If a red X appears then the synthesizer could not complete the task.  Errors can be viewed in 

the Errors tab in the Information pane. 

 

o If the information in the Warning or Error tabs is not sufficient to determine the corrective 

action (if one is required), then click on the Console tab and scroll through the text that was 

generated during the synthesis process. 

 

 Once the circuit synthesizes, we will move on to the Simulation (or test) phase of the process. 
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Step 3 ς Simulation (Test Phase) 

 

 Step 3a ς Stimulus Setup (Test Bench 

creation) 

 

 Select the top-level schematic in the 

Sources pane. 

 

 Right click on the top-level schematic and 

ǎŜƭŜŎǘ ΨbŜǿ {ƻǳǊŎŜΩ 

 

 The New Sources wizard appears. 

 

 

 

 

 

 

 Select Test Bench Waveform in the list box 

on the left. 

 

 Type the file name Ą primeDet_top_tb 

 

 Click Next. 

 

 A list of the possible sourcesΩ for the 

project are displayed.  Select the top-level 

ǎŎƘŜƳŀǘƛŎ όάǇǊƛƳŜ5ŜǘψǘƻǇέύΦ 

 

 Click Next 

 

 Click Finish 
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 A new window appears.  This window 

is for setting up when inputs and 

outputs will be changing.  

 

 /ƘŀƴƎŜ ǘƘŜ ΨLƴƛǘƛŀƭ [ŜƴƎǘƘ ƻŦ ¢Ŝǎǘ 

.ŜƴŎƘΥΩ ǎŜǘǘƛƴƎ ǘƻ мслл ƴǎΦ 

 

 .ȅ ŘŜŦŀǳƭǘ Ψ/ƘŜŎƪ hǳǘǇǳǘǎΩ ŀƴŘ 

Ψ!ǎǎƛƎƴ LƴǇǳǘǎΩ ŦƛŜƭŘǎ ǎƘƻǳƭŘ ōŜ ǎŜǘ ǘƻ 

50 ns. 

 

 All check boxes should be unchecked. 

 

 Click Ok.   

 

o Caution:  If you click Next 

here, you will be given a 

window with a question that 

cannot be answered; i.e., you 

will get stuck. 

 

 

 If all goes well you should have a new source that will automatically open in the Working pane.  See 

figure below. 

 

 




