Tutorial: ISE 12.2 and the Spartan3e Board

v12.2.1 — August 2010

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 Spartan3e board in your lab kit

| assume that you’re using a DSL lab machine, or that you've installed Xilinx ISE
12.2 on your own machine. This tutorial is specifically for the Spartan3e board.
The programming procedure is different than for the older Spartan2 boards from

Xess.

Setting up a New Project and specifying a circuit
in Verilog

1.

Start the ISE 12.2 tool from Xilinx.
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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.

2= New Project Wizard @

Create New Project
Specify project location and type.

Enter a name, locations, and comment For the project
Mame: example

Location: C:\Documents and Settings\ErikiMy DocumentsiXilinx12-2iexample

&

wWorking Directory: | C:\Documents and Settings\ErikiMy Documentsi¥ilinx12-2\example

Description: example project

Select the type of top-level source for the project

Top-level source type:

Schematic

[ Mext = ][ Cancel

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.



&= New Project Wizard @

Project Settings
Specify device and project propetties.

Select the device and design flow for the project

Property Name Yalue

Product Category General Purpose v
Family Spartan3E v
Device | %C35S00E v
Package v
Speed -5 v
Top-Level Source Type Schematic

Synthesis Tool *ST (VHDLverilog) v
Simulator 1Sim (YHDLYerilog) v
Preferred Language Verilog v
Property Specification in Project File Store all values v
Manual Compile Order J

VYHDL Source Analysis Standard lVHDL—93 v
Enable Message Filtering J

k [ < Back JI Mext > ][ Cancel J

You'll see a confirmation screen after setting things up:



2= New Project Wizard @

Project Summary \
Project Navigator will create a new project with the Following specifications.

Project:
Project Nawe: example
Project Path: C:%Documents and Settings\Erik\My Documents\Xilinxlz2-2he
Working Directory: C:\Documents and Settings\ErikiMy Documents) Xilinx1]
Description: exawmple project
Top Lewvel Source Type: Schematic

Device:
Device Family: Spartan3E
Device: xc3s500e
Package: fg3z0
Speed: -5

Synthesis Tool: XST (VHDL/Verilog)

Sirmulator: ISim (VHDL/Verilog)

Preferred Language: Verilog

Property Specification in Project File: Store all values
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

< B

[ < Back ][ Finish ][ Cancel ]

4. You can skip the other parts of the dialog, or you can use them to create
new Verilog file templates for your project. | usually just skip them and
create my own files later.



5. Now you want to open a new source file. Use the Project» NewSource
menu choice. This first one will be a Verilog file so make sure you've
selected Verilog Module as the type and give it a name. I'm calling my
example mynand.

EE New Source Wizard @

Select Source Type
Select source type, file name and its location.

7 IP {CORE Generator & Architecture Wizard)

Schematic

User Document :

Verilog Module

Verilog Test Fixture . \
YHDL Module File name:

YHDL Library vmynan 4

YHDL Package :

s VHDL Test Bench Location:

Embedded Processor nd Settings\Erik\My DocumentsiXilinx12-2iexample | [;]

| [¥] Add to project

[ Mext = ][ Cancel ]

6. When you press Next you’ll get a dialog box that lets you define the inputs
and outputs of your new module. I’'m adding two inputs (A and B), and one
output named Y. Remember that Verilog is case sensitive!

EE New Source Wizard @

Define Module
Specify ports for module.

Module name | mynand

Port Mame Direction Bus MSEB LSE Al

A iinput v 1 ‘
linput v O
T | (]
input v|0

input S0 | | v|

[ < Back ][ Mext = ][ Cancel




7. 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):

0 -Jom 0 b W N

DN NN NNDNNNN R B 2R R R
W0 0 -Jon n b WNRE OWO-Jon & WNREOW

rtimescale ins / 1ps

L L L L L L L L L L L L L L L L L L LB L L L L L LB L L LB LB LB LB LB bbb bt

P
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i
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i
¥
¥
¥
¥
¥
¥

Company:
Engineer:

Create Date: 10:35:25 08/08/2010
Design Name:

Module Name: mynand

Project Name:

Target Devices:

Tool versions:

Description:

Dependencies:
Revision:

Revision 0.01 - File Created
Additional Cormments:

G L LB BB LB L LR L L L L L L R L B L B L L L L R L LB LR LB LB b

module mynand (

input A,
input B,
output Y
):

endmodule



8. Now you can fill in the rest of the Verilog module to implement some
Boolean function. I'll implement a NAND for this example. You can use
any of the Verilog techniques that you know about. (see the Brown &
Vranesic text from 3700, for example, or any number of Verilog tutorials
on the web.) Note that ISE 10.1 uses Verilog 2001 syntax where the
inputs and outputs are defined right in the argument definition line. I'll use
a continuous assignment statement: assign Y = ~(A & B); as shown
below, then I'll save the file.

70 RS RNN RSN ER RN
21 rwodule mynand (

22 input &,

23 input B,

24 output Y

25 )

26

27 assign Y = ~(A & B):

28 endmodule

29

9. In order to use this Verilog code in a schematic, you'll need to create a
schematic symbol. Select the mynand.v file in the Sources window, then
in the Processes window select Create Schematic Symbol under the
Design Utilities.

» | ) MNoProcesses Running

‘?t Processes: mynand
C * Design Summary/Reports
= %  Design Utilities

) Create Schematic Symbol
View Command Line Log File
View HDL Instantiation Template
User Constraints
+ ) Synthesize - XST
+ )  Implement Design

)  Generate Programming File
# %  Configure Target Device

€% Analyze Design Using ChipScope

4

10.You now have a piece of Verilog that you can simulate and synthesize as
is, or you 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.

2.

EE New Source Wizard

Select Source Type

Select source type, file name and its location.

BMM File

€&* ChipScope Definition and Connection File
EJ Implementation Constraints File
IP (CORE Generator & Architecture Wizard)

MEM File

Schematic

User Document
Yerilog Module
Yerilog Test Fixture
YHDL Module

YHDL Library

YHDL Package

"s| WHDL Test Bench
¥ Embedded Processor

File name:
fulladd

Location:

Start by going to Project» NewSource and this time choosing schematic
as the type. I'm calling this fulladd. You can probably guess where this is

going...

and Settings\ErikiMy DocumentsiXilinx12-2\example E]

Add to project

[ Next > ][ Cancel J

In the schematic window you’ll see a frame in which you can put your
schematic components. You can select components by selecting the
Symbols tab in the Sources pane. The first one | like to add 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. Then I'll add three
copies of mynand from my example library, and two copies of the xor2
component from the Logic Category.
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3. Now I'll use the wiring tool to connect up the components to make a Full
Adder.

<

|’_‘Tl¢. A | |
r |

Ada Wire

) 80 Y



: I mynand
mynand I

4. I'll use the I/0O Marker tool to add markers on the signals that I'd like to
export from this circuit.

R

Add 1JO Marker |

49T 5 &

J &

Double click on the 1/0 Markers to change their names

| Object Properties - Net Attributes @

Category View and edit the attributes of the selected nets
(=1 IJO Markers
KLXMN_2 r o S - 1
= Nets Name Yalue Yisible New
KLAN_2 |Name I Sum| [ Add ]
| — Edit Traits
|PortPalarity | Output v [ Add ]

Delete

oK ” Cancel H Apply ][ Help




The circuit with the /O Marker looks like this:

2 T )

E
mynand ]
: g
mynand _,—=

5. 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 mynand.v code). If you go back to the Sources pane and
expand the fulladd schematic you will see that it includes three copies of

mynand.v.

Sources for: [ Implementation v

& example
= £ xc3s500e-5fg320
=B B, fulladd (fulladd.sch)
XLXI_Z - myhand [mynand.v)
XLXI_S - myhand [mynand.v)

Xl)<|_4 - mynand [mynand.v)




Simulating your Circuit:

Now that you have a saved source file (fulladd 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 fulladd circuit:

1.

Go to the top left pane (design) and change the View field to be
Simulation. This changes the view to include sources that are interesting
for simulation, and also changes the options in the bottom Processes

pane to show the simulation options.

You can go to the Project®» NewSource menu again, or you can select

the Create New Source widget. | E

like:

EE New Source Wizard

Select Source Type
Select source type, file name and its location.

BMM File

€&* ChipScope Definition and Connection File
[B Implementation Constraints File

IP (CORE Generator & Architecture Wizard)
MEM File

Schematic

User Document

Yerilog Module

| Verilog Test Fixture

YHDL Module

YHDL Library

YHDL Package

‘sl YHDL Test Bench

¥ Embedded Processor

This will bring up the New Source
Wizard. In that dialog type in the name of your testbench file, and make
sure to select Verilog Test Fixture in the list on the left. | will name my

testbench fulladd_tb (where the tb stands for testbench). The box looks

File name:
fulladd_tb|

Location:

and Settings\ErikiMy DocumentsiXilinx12-2\example ’;]

Add to project

R

[ MNext = ][ Cancel




3. The Next dialog asks you which source you want the testbench
constructed from. I'll choose fulladd, of course. The code that gets
generated includes an instance of the fulladd schematic named UUT (for
Unit Under Test).

1 /{ Werilog test fixture created from schematic
2

3 ‘tcimescale 1lns / 1ps
4

S mwodule fulladd fulladd sch thi):
6

7 /7 Inputs

8 reg Cin;

=] reg B;

10 reg A;

11

12 // Output

13 wire Sum;

14 wire Cout;

15

16 /7 Bidirs

17

18 // Instantiate the UUT
19 fulladd UUT |
20 .Cin(Cin),
21 CSara (Suam) ,
22 .B(B),
23 LA(A),
24 .Cout (Cout)
25 )2
26 // Initialize Inputs
27 “ifdef auto_init
28 initial begin
29 Cin = 0;

30 B = 0;

31 A = 0;

32 endif

33 endmodule

()
-y



EE New Source Wizard @

Associate Source
Select a source with which to associate the new source,

fulladd ’

mynand

[ < Back ][ Mext = ][ Cancel

4. Note that the generated template has some code with an ‘ifdef for
initializing things. | don’t use the ‘ifdef code. Instead | write my own initial
block and driving code for testing the circuit. Remember that good
testbenches ALWAYS use 3$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. I’'m going to get a tiny bit
tricky with a concatenation and a loop.

26 // Initialize Inputs

27 integer i=0;

28 initial begin

29 Cin:=:0:2

30 B =0;

31 As= 20 I

32 #10 $display("Starting test"):

33 for (i=0; i<8; i=i+l1) // loop through all eight inputs

34 hegin

35 {Cin,A,B} = i; // set the inputs

36 #10 $display("Cin 4 B = %b%b%b, {Cout,Sum} = %b%b", Cin, A4, B, Cout, Sum):;
37 if {{Cout,Sum} !'= (A + B + Cin})

38 f$display("Error, {Cout,Sum} should be %b, is %b", {A+B+Cin}, {Cout,Sum}):
£ end

40 end

41

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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< >
» ) MNoProcesses Running

{: Processes: fulladd_fulladd_sch_tb

£ = y‘ 1Sim Simulator
# () Behavioral Check Syntax
%t @ Simulate Behavioral Model

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.



! ISim (M. 63c) - [Default.wcfg]
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» Cin 1

) B 1

) A 1 0D00000000....
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&2 Instanc.. E} Memory | |Z] Source ...| | ¢ || B Default.wcfg (%)

Console 08 X
TITE TESUILLONT IS 1 Ps 2
Simulator is doing circuit initialization process.
Finished circuit initialization process.
Starting test
Cin A B = 000, {Cout,Sum} = 00
01, {Cout,Sum
Cin A B = 101, {Cout,Sum} = 10
Cin & B = 110, {Cout,Sum} = 10
Cin A B =111, {Cout,Sum} = 11
v

ISim>
& cConsole | @ Breakpoints | (@4 Findin Files Results | gy Search Results

Sim Time: 1,000,000 ps




141,000 ns
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000000 { 0000000000000000000D00000000. .

-
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‘ Default.wcfg 3

Console

T resuauuntis 1 ps

Simulator is doing circuit initialization process.
Finished circuit initialization process.
Starting test

Cin A B =000, {Cout,Sum} =00
Cin A B =001, {Cout,Sum} = 01
Cin & B =010, {Cout,5um} = 01
Cin AB =011, {Cout,Sum} = 10
Cin A B =100, {Cout,Sum} = 01
Cin AB =101, {Cout,Sum} = 10
Cin & B =110, {Cout,Sum} = 10
CinAB =111, {Cout,Sum} = 11
ISim>

I'll change the circuit to have a mistake to show off my self-checking
testbench...




o I

This is a Lite version of ISim.
Time resolution is 1 ps

Finished circuit initialization process.
Starting test

Cin A B = 000, {Cout,Sum} = 01
Error, {Cout,Sum} should be 0, is 01
Cin A B =001, {Cout,Sum} = 00
Error, {Cout,Sum} should be 1, is 00
Cin A B =010, {Cout,Sum} = 00
Error, {Cout,Sum} should be 1, is 00
Cin AB =011, {Cout,Sum} = 11
Error, {Cout,Sum} should be 0, is 11
Cin A B = 100, {Cout,Sum} = 01
Cin A B =101, {Cout,Sum} = 11
Error, {Cout,Sum} should be 0, is 11
Cin AB =110, {Cout,5um} = 11
Error, {Cout,Sum} should be 0, is 11

@ console | @ Breakpoints

CinAR=111. {Cauk.Sum:=11____

Simulator is doing circuit initialization process.

It's easy to tell that something’s wrong!

mynand

1984 Find in Files Results



Synthesizing your circuit to the Xilinx FPGA

Now that you have a correctly simulating Verilog module, you will have the ISE
(webPACK) tool synthesize your Verilog to something that can be mapped to the
Xilinx FPGA. That is, the Verilog code will be converted by ISE to some gates
that are on the FPGA. To be even more specific, ISE will convert the
schematic/Verilog project description into a set of configuration bits that are used
to program the Xilinx part. Those configuration bits are in a .bit file and are
downloaded to the Xilinx part in this section of the tutorial.

You will use your Spartan-3E board for this part of the tutorial. This is known as
the “Spartan 3E Starter Kit” and is a board produced by Xilinx. It is a very feature-
laden board with a Spartan 3e XC3S500E FPGA, 64Mbytes of SDRAM,
128Mbits of flash EPROM, A/D and D/A converters, RS232 drivers, VGA, PS/2,
USB, and Ethernet connectors, a 16 character two-line LCD, and a lot more. You
can get more info from Xilinx at

http://www.xilinx.com/products/devkits/HW-SPAR3E-SK-US-G.htm
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Specifically we will need to:

* Assign A, B, and Y to the correct pins on the FPGA that connect to the
switches and LEDs on the S3E board

* Synthesize the Verilog code into FPGA configuration

* Generate a programming file with all this information (.bit file)

* Use the impact tools from Xilinx (part of WebPACK) to configure the FPGA

through the USB connection.

1. Back in the Design pane, return to the Implementation view and select

your fulladd schematic. Now in the bottom (Processes) pane you will see
some options including User Constraints, Synthesize, and Implement
Design. The first thing we’ll do is assign pins using the User Constraints
tab. Expand that tab and select the I/O Pin Planning (PlanAhead) — Pre-
Synthesis choice. This will let us assign our signals to pins on the Xilinx
part using the PlanAhead tool.

#2 MNo Processes Running

Pracesses: fulladd N

+ ‘¥ Design Utilities
- ¥ User Constraints
Create Timing Constraints
:IJO Pin Planning {Planahead) - Pre-Synthesis
1O Pin Planning (Plan&head) - Post-Synthesis
Floorplan Area/IO/Logic (PlanAhead)
€2() Synthesize - XST
€2( ) Implement Design
#2( ) Generate Programming File
@ Configure Target Device
0 Generate Target PROMJACE File
0 Manage Configuration Project (IMPACT)

{
[;I(rt ) Design Summary/Reports
{

+

+

faiiy fnaluza Nacian Lcina ChinScana

v
b Start | B3 Design | U] Files | [ Libraries| == Symbol: @

Because we’re headed towards putting this on the Xilinx FPGA on the
Spartan-3E board, we need to set some constraints. In particular, we need
to tell ISE which pins on the Xilinx chip we want A, B, Cin assigned to so
that we can access those from switches, and where we want Cout and
Sum so we can see those on the LEDs on the Spartan-3E board.

This will open a whole new tool called PlanAhead which you can use to
set your pin constraints. You may have to agree to add a UCF (Universal
Constraints File) file to your project. You should agree to this.



I ISE Project Navigator,

92 This process requires that an Implementation Constraint File (UCF) be added to the
\f/ project and associated with the selected design module. Would you like Project Navigator
to automatically create a UCF and add it to the project at this time?

If vou select "No" vou will need to create or add an existing UCF to the project before
running this process.
[ Yes ] [ Mo

The PlanAhead tools lets you set a number of different types of

constraints on how the circuit is mapped to the Xilinx part. For now we’ll
just use the pin constraints in the UCF file.

@8 example - RTL Design - [C:\Documents and SettingsiErik\My Documents¥Xilinx1 2-2iexampleiplanahead_run_2

ppr] - PlanAhead 12.2
File Edit Yiew Tools Window Select Layout Help
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Tel Console

-0a
INFO: [HD-UCFReader 0] Parsing UCF File : .\fulladd.ucf

INFO: [HD-UCFReader 1] Finished Parsing UCF File :
INFO:

INFO:

.hfulladd.uct
[HD-LIBE 0] Reading timing library C:/Xilinx/12.2/ISE_D5/Plandhead/parts/xilinx/spartan3e/spartan3e/spartan3e-5.1lib .
[HD-LIB 1] Done reading timing library C:/Xilinx/12.2/ISE_D5/Plandhead/parts/xilinx/spartan3e/spartan3e/spartan3e-5.lib

@ B B4

v
<
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2 Tcl Console | &% Elaboration Messages ) Reports

ISE Integration Flow

You can see a list of the I/O ports from your schematic in the RTL pane
(click on the I/l Ports tab in the upper left window). You can set which
Xilinx pin they are attached to using the Site field.

Clicking on each 1/O Port in turn will open the 1/0O Port Properties pane

where you an update the Site field to say which Xilinx pin should be used
for that 1/0O signal.
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4. How do you know which pins to assign the signals to in order to use the
switches and LEDs on the Spartan-3E board? You look in the Spartan-3E
Starter Kit Users Manual which is linked to the class web site, and also
available from Xilinx at

http://www.xilinx.com/support/documentation/boards and kits/ug230.pdf

For now I'll just tell you that the four sliding switches on the Spartan-3E
board are, from left to right as you’re looking at the board with the LCD at
the bottom, are on pins N17, H18, L14, and L13. Here’s the diagram from
the User Guide:
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Figure 2-1: Four Slide Switches

and the UCF info is:

NET "SW<0>" LOC = "L13"
NET "SW<1l>" LOC = "L14"
NET "SW<2>" LOC = "H18"

NET "SW<3>" LOC = "N17"

Figure 2-2: UCF Constraints for Slide Switches

This tells you how to fill out the information in PlanAhead for the switches.

IOSTANDARD

IOSTANDARD =

IOSTANDARD
IOSTANDARD

I'll put A, B and Cin on Sw3, Sw2, and Sw1.

LVTTL
LVTTL
LVTTL
LVTTL

PULLUP ;

PULLUP

PULLUP ;

PULLUP

5. Note that you'll have to click on Configure in the 1/0 Port Properties to set
some of the parameters to be as specified in the User Guide.

L
.
i
L

.
i



RTL Design -- xc3s500efg320-5

I.|'0 Ports \ - O a X
A
=SB %E
Mame Dir Meq Diff Pair Sil
== all ports () A
IB-- = Scalar ports (5)
Input H1¢
_l
""" < Cout Output E1lZ
el SHIm Onibnnik Fi15 86
< | 23| =)
: 2 RTL Netlist @ Physical Constraint- [ I/0 Ports | @ Clock Regions
1O Port Properties PR 1 [ .S
Y
- Cin
1jO Standard:  LYTTL - |
Drive Strength: |12 (default) v |
Slew Type: lSLOW {default) v ‘
Pull Type: PULLUP - |

General | Configure



6. The LEDs are also described in the User Guide:

NET
NET
NET
NET
NET
NET
NET
NET

I’ll use LED1 and LEDO as Cout and Sum.

——
o O
L L
S S
N~ O
ono
L
R |

~LED5: (D11)
" LED4: (C11)

- LED3: (F11)

- LED1: (E12)

- LED2: (E11)
% LEDO: (F12)

UG230_c2_04_021206

Figure 2-10: Eight Discrete LEDs

"LED<7>" LOC = "F9" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<6>" LOC = "E9" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<5>" LOC = "D11" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<4>" LOC = "C11" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<3>" LOC = "F11" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<2>" LOC = "E11" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<1>" LOC = "E12" | IOSTANDARD = LVTTL | SLEW = SLOW
"LED<0>" LOC = "F12" | IOSTANDARD = LVTTL | SLEW = SLOW
Figure 2-11: UCF Constraints for Eight Discrete LEDs

DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE

Note that it's important to get all the details of the pins correct as they’re
described in the manual! The switches won’t function properly without the
pullup, for example, and the LEDs really need to have the drive strength

[52 RTL Netlist Physical Constraints

[ I/0 Ports

Clock Regions

set.
1/O Ports
Q Z LLvJj -$ _r.J E
MName Dir Neq Diff Pair ~ Site Bank IfOStd  Drive Strength  Slew Type Pull Type- 1
I=11 All ports (5)
EM Scalar ports (5)
—-1 Wit | izlsow JPuLLUp*
g Cln Input L14 1 LYTTL* 12 SLOW PULLUP*
</ Cout QOutput E12 0 LYTTL* g* sLow
</ Sum Qutput F12 0 LYTTL* g% SLOwW
- A Input N17 1 LYTTL* ; 12 SLOW PULLUP*

© ®© © @© @©® © © ©

([0



7. Now Save the PlanAhead settings. This will update things in your main
ISE Webpack project.

8. When you exit you'll see that a fulladd.ucf file has been added to the
project

Design «+05F X
view: (%) @I Implementation ) @ Simulation
=| | Hierarchy
] | Herar
5;] ﬁﬂ example
~ | = £ xc3s500e-5fg320
= @n% fulladd (C:\Documents and Settings\ErikiMy DocumentsiXilinx12-2\example\fulladd.sch)
¥LXI_3 - mynand (C:\Documents and Settings\ErikiMy DocumentsiXilinx12-2\exampleimynand.v)
EJ *LXI_4 - mynand (C:\Documents and Settings\ErikiMy DocumentsiXilinx12-2\exampleimynand.v)

¥LXI_S - mynand (C:\Documents and Settings\ErikiMy DocumentsiXilinx12-2\exampleimynand.v)
E C:\Documents and SettingsiErikiMy DocumentsiXilinx12-2\example\fulladd.ucf

You can also edit fulladd.ucf by opening it in a text editor. It’s just a text
file with constraints formatted as shown in the User Guide. The text file
looks like this:

ET "aA" LOC N17;
ET "B" LOC = H18:
ET "Cin" LOC = L14;
ET "Cout" LOC = El2:;
ET "Sum" LOC = F1l2:;

# Planihead Generated IO constraints

ET "A'"™ IOSTANDARD LVTTL;
ET "B'" IOSTANDARD = LVTTL:
ET "Cin'" IOSTANDARD = LVTTL;
ET "Cout'" IOSTANDARD = LVTTL:
ET "Sum" IOSTANDARD = LVTTL:
ET "Cout"™ DRIVE = §;

ET "Sum" DRIVE = 8.

ET "A"™ PULLUP;

ET "B" PULLUP:

ET "Cin'" PULLUP;

If you double click on the UCF file you'll see what'’s in it using the ISE GUI.



Timing Constraints <08 X
Source Constraint File Ucf Constraints
fulladd.ucf - Timing Constraints Source
~ 1 #"Planhead Generated physical constranés * fulladd.ucf
() Show constraints from specified file only
o 2 MET"A"LOC =N17 fulladd.ucf
(%) Show constraints from all files
3 MNET"B"LOC =H18 fulladd.ucf
Save MNew Constraints To File 4 MNET"Cin"LOC =L14 fulladd.ucf
Fulladd. uck v S NET "Cout"LOC =E12 fulladd.ucf
6 NET "Sum" LOC =F12 fulladd.ucf
Constraint Type 7
UCF Constraints 1
+- Timing Constraints
+ Group Constraints
+ Miscellaneous *

9. Synthesize — XST. Double click on this to synthesize your circuit. After a
while you will (hopefully) get the “Process ‘Synthesize’ completed
successfully” message in the console. If you've already simulated your
circuit and found it to do what you want, there’s every chance that this will
synthesize correctly without problems.

In any case, there is lots of interesting information in the synthesis report
(the data in the console window). It's worth looking at, although for this
amazingly simple example there isn’t anything that fascinating.

Make sure that you end the process with a green check for this process. If
you get something else, especially a red X, you'll need to fix errors and re-
synthesize.



o #) Mo Processes Running

. {. | Processes: fulladd
I;J(t = Design Summary/Reports

¥ Design Utilities
% = User Constraints
. ()@ Synthesize - XST

+- @20 ) Implement Design

¥2( ) Generate Programming File
= %  Configure Target Device
ib Generate Target PROM/ACE File
t@ Manage Configuration Project (iMPACT)
€4 Analyze Design Using ChipScope

esf Start | ®3 Design | ) Files [ Libraries | Symbols | % Options

Console

Process "Synthesize - X5T" completed successfully

< |
|Z| console @ Errors | !\ Warnings @ (@8 Find in Files Results

10. With your source file selected (fulladder in this case), double click the
Implement Design process in the Processes tab. This will translate the
design to something that can physically be mapped to the particular FPGA
that’s on our board (the xc3s500e-5fg320 in this case). You should see a
green check mark if this step finishes without issues. If there are issues,
you need to read them for clues about what went wrong and what you
should look at to fix things.

» ¥ MNoProcesses Running \

({ | Processes: fulladd
C = Design Summary/Reports
Design Utilities
% User Constraints
() synthesize - XST
&0 Implement Design
#2( ) Generate Programming File
= L@ Configure Target Device
J@ Generate Target PROM/ACE File
@ Manage Configuration Project (iIMPACT)
€%  Analyze Design Using ChipScope

<

-



11.1f you expand this Implement Design tab (which is not necessary) you will
see that the Implement Design process actually consists of three parts:

a. Translate: Translate is the first step in the implementation process.
The Translate process merges all of the input netlists and design
constraint information and outputs a Xilinx NGD (Native Generic
Database) file. The output NGD file can then be mapped to the
targeted FPGA device.

b. Map: Mapping is the process of assigning a design’s logic elements
to the specific physical elements that actually implement logic
functions in a device. The Map process creates an NCD (Native
Circuit Description) file. The NCD file will be used by the PAR
process.

c. Place and Route (PAR): PAR uses the NCD file created by the
Map process to place and route your design. PAR outputs an NCD
file that is used by the bitstream generator (BitGen) to create a (.bit)
file. The Bit file (see the next step) is what’s used to actually
program the FPGA.

#) Mo Processes Running

L Processes: fulladd

Ert piA Design Summary/Reports
+ ¥ Design Utilities

9L @ %  User Constraints

_ | @ T2 synthesize - XsT

F2C) Implement Design
+ 0C) Translate
+# T2Q) Map
+ ) Place & Route
)  Generate Programming File
# %  Configure Target Device
€*  Analyze Design Using ChipScope

%5 Start | B3 Design | ] Files [® Libraries

12. At this point you can look at the Design Summary to find out all sorts of
things about your circuit. One thing that you might want to check is to click
on the Pinout Report and check that your signals were correctly assigned
to the pins you wanted them to be assigned to.



=) Design Overview ~ Pin  Signal  Pin Pin P 10 I0B.
[ Summary Mumber MName Usage MName Standard  Numl

[Z) 108 Properties

N 142 H16 DIFFM IO_L16P_1 UNUSED 1
[Z] Module Level Utilization
@ Timing Constraints 143 HI17 DIFFS IO_L16N_1fAD UNUSED 1
) Pinout Report 144 HI8 B IBUF  IP/VREF_1 NPT LYCMOS25* 1
[E) Clock Report 145 1 DIFFM  10_L12P_3{LHCLK2 UNUSED 3
(@) Static Tining 146 12 DIFFS 10_L12N_3/LHCLK3/IRDY2  UNUSED 3

= Errors and Warnings 147 13 GND

[2) Parser Messages
D) Synthesis Messages 148 M4 DIFFS  I0_L1IN_3/LHCLK1 UNUSED 3
@ Translation Messages 149 15 DIFFM  IO_L11P_3/LHCLKO UNUSED 3

13.Now double click the process: Generate Programming File. This will
generate the actual configuration bits into a .bit file that you can use to
program your Spartan-3E board to behave like your circuit (in this case a
full adder).

Processes

Processes for: fulladd
[ AddExisting Source

[ Create New Source
¥ View Design Summary
# %  Design Utilities

y User Constraints

@) Synthesize - XST
.Implement Design

P Translate

QOMap

P 2Place & Route

® ().Generate Programming File
# fQ Configure Target Device

&=

e Na |
UK./

L:H &+

14.Now that you have the programming file, you can program the Spartan-3E
board using the iMPACT tool and the USB cable on your PC/laptop. First,
make sure that the jumpers on your Spartan-3E board are installed
correctly. In particular, check that the configuration options are correctly
set. The configuration options are at the top of the board near the RS232
interfaces.



16 Mbit ST Micro SPI Serial Flash
Serial Peripheral Interface (SPI) mode

Configuration Options
Vel Dasad DOSsiondDelug Part PROG_B Lutton, Platform Flash PROM, mode pins

|t

2. AILINA

128 Mbit Intel StrataFlash
Parallel NOR Flash memory
Byte Peripheral Intarface (BPI) mode

UG230_od 01 022005

Figure 4-1: Spartan-3E Starter Kit FPGA Configuration Options

The jumpers on the J30 headers must be set for JTAG programming. This
means that only the middle pins of the header should have a jumper on
them. See the following illustration from the User Guide. Your board
should look like this!

Configuration Mode Jumper Settings (Header J30)
Select between three on-board configuration sources

DONE Pin LED PROG_B Push Button Switch
Lights up when FPGA succassfully configured  Prass and release to restart configuration

B 64 Macrocell Xilinx XC2C64A CoolRunner CPLD
4 Mbit Xilinx Platform Flash PROM Controller upper address lines in BPI mode and

Configuration storage for Master Serial mode Platform Flash chip select (User programmable)

G20 c4 02000908

Figure 4-2: Detailed Configuration Options

15. Now that you have the jumpers set correctly, you can plug in the power to
your Spartan-3E board, and connect the USB cable between the Spartan-
3E and your PC. Then when you turn on the power, the PC should



recognize the Xilinx cable/board and install the drivers.

16. Once the PC has recognized the USB connection to the Spartan-3E
board, you can use the Process Configure Target Device to start up the
iMPACT tool to program the FPGA.

T  Processes: fulladd

: { p'M Design Summary/Reparts
Design Utilities

E,,’t g User Constraints

Synthesize - XST

Implement Design

Generate Programming File

‘Configure Target Device

;‘9 Generate Target PROM/ACE File k

u;‘g Manage Configuration Project (IMPACT)
€%  Analyze Design Using ChipScope

)

17. The first time you Configure Target Device for a new project, you'll get
the following message about setting up an iMPACT file. You can click OK
here and start up the iMPACT tool.

=

'E Mo iMPACT project file exists. Click OK to open iMPACT, You will then need to define a
L3

configuration chain, designate which device in that chain is the target device, and then
save the iIMPACT project file. Once this step is completed, subsequent runs of the
'‘Configure Target Device' process can program the target device without needing to open

the iMPACT GUI,

18. You'll now get yet another tool — the IMPACT device configuration and
programming tool:



19.

£ ISE iMPACT (M.63c)
File Edit View Operations Output Debug Window Help

DR [2oewe
| MPACT Flows 08 X
_ &3 Boundary Scan

- [5] systemace

=] Create PROM File (PROM File Formatter)
@ |=] webTalk Data

iMPACT Processes 08 X

— - e
K] TT— | =) &
EJ Console |_6 Errors “‘A Warnings

MIFIRUFOR

Double-click the Boundary Scan button to configure the Xilinx part for
programming. Boundary Scan is the technique that is used on these
devices for uploading the bit file to the Xilinx part through the USB cable.

You will be prompted to Right Click to Add Device or Initialize JTAG
Chain. JTAG is the acronym for the boundary scan standard that is used
for programming in this case. When you right-click you get a menu. What
Select Initialize Chain. There are actually three programmable parts on
the Spartan3 board and they are organized in a chain passing the bits
from one device to the other. This is the chain that is being initialized.



Add Xilinx Device... Ctrl+D

Add Mon-ilinx Device...  Ctrl+K
Rightc  Cable Auto Connect 1aify

Cable Setup...

Qutput File Type >

Note that you MUST have your board plugged in to the USB cable and
turned on for this step! The initialization procedure sends a query out on
the USB cable to see what chips are out there. If you have everything
plugged in and turned on it will see the chips and initialize the chain.

Right click device to select operations

SFI/BPI

ceoachoss, 00 ] Ossamoan. 0 ososososos0L
] . ] s ] s
DI 1 sxumx f 3 soxumx 1 soxumx £
L L |

xc3s500e xcfl4s xc2ct4
bypass bypass hypass

TDO

You should continue and assign a configuration file:

£ Auto Assign Configuration Files Query Dialog

Do you want to continue and assign configuration files{s)?

= / [] Don't show this message again, save the setting in preference.

[ Yfes ] [ Mo ]

20.You will now be asked to choose a configuration file (which will be a .bit
file) or each of the programmable chips on the Spartan-3E board. Note
that there are three of them, but the xc3s500e is the only one you should
program. The other two are already programmed with supporting tasks on
the board. Choose the file that you want programmed into the FPGA. In
this case that’s fulladd.bit.



g, Assign New Configuration File @@

Look in: |5) C:\Documents and Settings\ErikiMy DocumentsiXilinx12-2\example v ©Q O j @ [E]

y_‘)‘g My Computer | | L) _ngo
) ) _xmsgs

| Erik ) Fulladd_xdb
\0) ipcore_dir
| iseconfig
I) isim
) planAhead_run_1
| planahead_run_2
1) xInx_auto_0_xdb
I xst
A

File name: fulladd.bit
Cancel

Bypass
Files of type: |all Design Files (*.bit *.rbt *.nky *.isc *.bsd)

S

Cancel all

You will also be asked if you want to attach an SPI or BPI PROM to the
device. For now you should say No. There is a 16Mbit SPI PROM
attached to the Xilinx part and later on you may want to include a PROM
data file here so that the bitstream will also load that prom.

£, Attach SPI or BP] PROM

9P This device supports attached Flash PROMs,
N Do you want to attach an SPI or BPI PROM to this device?

[ fes ] [ Mo

For each of the other chips you can choose to open a file (attach a .bit file
to that chip), or to bypass. You should choose bypass for the other chips
(the xcf04s and the xc2c64).

The summary looks like this:




£> Device Programming Properties

Category

Device 2 { PROM xcf04s )
Device 3 { CPLDZ xc2c64 )

- Device 1 Programming Properties

Property Name
Verify
FPGA Device
quIse VPROG

Value

OK

][ Cancel ][ Apply

J

Help

J

21.In the IMPACT screen you should now see the following window that
shows the programmable chips and the associated bit files or bypass

configurations.

SPLBPL,

DI

xc3s500e
fulladd bit

SRR

FOXILNX

TR EY

xcf04s
bypass

SRR

TN

TEEEEY

xc2c64
bypass

TDO




22.Now you can select the Spartan-3E (the xc3s500e) and right click to get a
dialog. Select Program in this dialog to program the FPGA.

Dl — X i"‘""“"l l*:xmux- :
| Proglam |

TN RN

Program
Get Device ID \ o
xc3s  Get Device SignaturefUsercode  xc2c64
fullac  One Step SYF AYpass
TDO One Step XSVYF
Add SPI/BPI Flash...

Assign New Configuration File...
Set Programming Properties...
Set Erase Properties...

Launch File Assignment Wizard
Set Target Device

You should see the following indication that the programming has
succeeded. You should also see the xc-done LED (a little yellow LED

underneath the J30 jumper on the board) light up if the programming is
successful.

R
Program Succeeded \

23. Your circuit should now be running on the Spartan-3E board. If you've
followed this tutorial you should now be able to set the sw3, sw2, and sw1
switches and look for the full adder output on LDE1 and LEDO.

24.1f you make changes and want to reload the bit file to the FPGA (after
making changes, for example), you can restart the iMPACT tool using the
Manage Configuration Project (iMPACT) option under Configure
Target Device.



Processes: fulladd

= Design Summary/Reports
g Design Utilities
User Constraints
() synthesize - XST
#2(C) Implement Design
#2() Generate Programming File
= % Configure Target Device
%  Generate Target PROM/ACE File
@ Manage Configuration Project (iMPACT)
€4 Analyze Design Using ChipScope

+

You can then right click on the xc3s500e device and program it with the
new bit file or use the IMPACT Processes in the lower left:

| IMPACT Processes 08 X

| Available Operations are:

| = Program

| =) Get Device ID

| m) Get Device SignaturefUsercode
| m) Read Device Status

| = One Step SVF

| = One Step XSVF

Whew! That's it...



Overview of the Procedure

1.

Design the circuit that you would like to map to the Xilinx part on the
FPGA. You can use schematics, or Verilog, or a mixture of both.

Simulate your circuit using the ISE Simulator and a Verilog testbench to
provide inputs to the circuit. Use “if’ statements in your testbench to make
it self-checking.

Generate a UCF file to hold constraints such as pin assignments (later
we’ll use the UCF file for other constraints like timing and speed). Use the
PlanAhead tool to generate this file.

Assign the 1/O pins in your design to the pins on the FPGA that you want
them connected to.

Synthesize the design for the FPGA using the XST synthesis tool.

Implement the design to map it to the specific FPGA on the Spartan-3E
board

Generate the programming .bit file that has the bitstream that configures
the FPGA.

Connect your Spartan3 board to the computer and use theiMPACT tool to
program the FPGA using the bitstream. \



