Xilinx ISE 13.2 Synthesis Tutorial

The following tutorial provides a basic description of how to use Xilinx ISE 13.2 to create a simple 2-input AND gate and
synthesize the design onto the Spartan-3E Starter Board pictured below. This tutorial should also work with the Xilinx
WebPACK that can be downloaded from Xilinx website.
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Start Xilinx ISE Project Navigator

Create a new project

*  Click on File, then choose New Project on the drop down menu

*  Enter your project name, in this case the project is called “AND2gate”

*  Choose your project location, this project is stored at “Z:\Projects\AND2gate”
*  Leave the working directory entry blank.

¢ Choose HDL as the source type from the Top-Level Source Type menu.

¢ Click Next button

o -

Create New Project

Specify project location and type.

Enter a name, locations, and comment for the project

Name: AND2gate

Location: Z:\Projects\AND2gate E]
Working Directory: || [E
Description:

Select the type of top-evel source for the project

Top-evel source type:

HDL [+]

next | [ cance ]




3. You will be asked to select the hardware and design flow for this project.

For Family, choose Spartan3E

For Device, choose XC3S500E

For Package, choose FG320

For Speed, choose -4

For Simulator, choose ISim (VHDL/Verilog)
Click Next button

Project Settings

Specify device and project properties.

Select the device and design flow for the project

>

Property Name Value

Evaluation Development Board None Specified v
Product Category All v
Family Spartan3E v
Device XC3S500E v
Package FG320 v
Speed -4 v
Top-Level Source Type HDL v
Synthesis Tool XST (VHDL/Verilog) v
Simulator ISim (VHDL/Verilog) v
Preferred Lanquage Verilog v
Property Specification in Project File | Store all values v

Manual Compile Order
VHDL Source Analysis Standard lVHDL-93 EI |
| Enahle Messane Eilterina A i

4. A project summary will appear. Click on the Finish button.

Project Summary

Project Navigator will create a new project with the following specifications.

Project:

Working Directory:
Description:

Project Name: AND2gate
Project Path: Z:\Projects\AND2gate

Top Lewvel Source Type: HDL

Device:
Device Family: Spartan3E
Device: xc3s500e
Package: fg320
Speed: -4

Top-Level Source Type: HDL

Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog)
Preferred Language: Verilog

Property Specification in Project File:
Manual Compile Order:
VHDL Source Analysis Standard: VHDL-93
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5. You now have a project by the name of “AND2gate”. Next you want to specify the files in this project are for

behavioral simulation.
e (Click on Simulation

¢ Click on Project, choose New Source
¢ Choose Verilog Module as the file type

|o File Edit View Project Source Process Tools Window Layout Help E@E
DPEF L[ XobX|wal 3 2RI =aocsRrc L@
Desig -
w (e e
S
x
Choose &= A5
“Simulation” = ™ AND2gate » ISE Design Suite 13 Release Overview
& | & €3 xc3s500e-4fg320 = ')
= o ISE Design Suite Highlights:
&l Empty View LY & 9 'ghtig
The view currently contains no files. > Introducing the 7 Series Device Support
2 You can add files to the project > Begin designing in Kintex™ -7 and Virtex®-7 devices today
- using the toolbar atleft, commands > Includes Intelligent Clock Gating to reduce dynamic power
o from the Project menu, and by
- using the Design, Files, and > Team Design Flow
Libraries panels. > Imp p ivity in design, i design flow, and verification. 3
Use: > [EEE P1735 encryption flow for simulation inter-operability B
4 > Cadence® AXI Bus Function Model (BFM), sold separately, to verify your AXI4 IP
» | ¥ No Processes Running
‘?t No single design module is selected. . )
> — IP Updates: Click here for the IP Release Notes library updates and new products.
P | @ @  Design Utilities
?t Resources
- > 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 in the Xilinx ISE Design Suite 13 Release
| < . »
L[’ Start | @3 Design | () Fies | ) Ubraries| | o ISE Design Site InfoCenter ﬂJ
’ Console «0& X
-
« (I »
Consle |@ Ermors | 1\ Warnings | ig§ Findin Fies Results
6. Now we want to add a new file to our project.

* In the File name: box enter the desired file name, in this case the file is named “and2gate.v”

*  Click on the Next button

Select Source Type

Select source type, file name and its location.

t/ IP (CORE Generator & Architecture Wizard)
[©] Schematic

»t System Generator Project

(=] User Document

Verilog Module

i] Verilog Test Fixture

Embedded Processor

File name:
VHDL Module
VHDL Library [anngate.v
VHDL Package Location:
VHDL Test Bench

|Z:\Projects\AND2gate

Add to project

Next
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7. You will be asked for the module’s port names/types. You can skip this step and click on the Next button.

Define Module
Specify ports for module.
Module name ’anngate
Port Name Direction Bus MSB LSB Gl
Jinput v
input v
input v
input v _
input v -
input v
input v
input ~7
input v N
input v
input v -
[ next ][ cone

8. A project summary will appear. Click on the Finish button.

Summary

Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: Z:\Projects\AND2gate
Source Type: Verilog Module

Source Name: and2gate.v

Module name: and2gate
Port Definitions:




9. The “and2gate.v” file has been added to your project.

1

“and2gate.v”
added to
project

7~
& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.v]

@ File Edit View Project Source Process Tools Window Layout Help

‘DPEFIL[XDbX|wal [ 22B3R 2R

EEEEIRIS

‘> L9

18 // Additional Comments:

Design 1 ‘timescale 1ns / 1ps
[ |View: © {8} 1mplementation = 2 SIIIITITIIIITII LI LTI LL LTI I EP PP TP I LTI I LI LLLELIITI 77 777770711111111117
Behavioral =] 3 // Company:
& 4 // Engineer:
Hierarchy = 5 //
e AND2gate 6 // Create Date: 16:06:53 08/04/2011
faad 7 // Design Name:
= “ 8 // Module Name: and2gate
& — 9 // Project Name:
A 10 // Target Devices:
% 11 // Tool versions:
12 // Description:
| 13 s/
% 14 // Dependencies:
— s //
@ 16 // Revision:
(5) 17 // Revision 0.01 - File Created

m

P | ¥) No Processes Running 19 //
¢ [ processes: snd2gate ety
. . g. 21 module and2gate(
| @ ¥ 15im Simulator 22 ):
= 23
% 24
— 25 endmodule
|
26
< i »
| & stert| = pesin [ Fies | [ tbraries| | »  I1SEDesignSuteInfocenter ) | D) and2gate.v <]
Console 08 X
d) INFO:ProjectMgmt - Parsing design hierarchy completed successfully. -
Started : "Launching ISE Text Editor to edit and2gate.v". D

<
Console I—a Errors |J\ Warnings |ﬁ Find in Files Results
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10. Click on the and2gate.v tab to show the file contents. You are now ready to specify the and2gate module’s

functionality.
r
_& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.v] E=ni=l
[2) File Edit View Project Source Process Tools Window Layout Help ‘;Hi‘ X
DAE@ L[k obXxwal rrap Bl mEocser [Q
Design ©08x 1 ‘timescale 1ns / 1ps
Ef View: ©) {8} Implementation © [ Simulation 3= R Ny
& ; o] — 3 // Company:
4 // Engineer:
Hierarchy - 5 // \
= AND2gate 6 // Create Date: 16:06:53 08/04/2011
@i | 2 3 xc3s500e-4fg320 7 // Design Name:
= and2gate (and2gate.v) 2 8 // Module Name: and2gate
ﬂ — 9 // Project Name:
A 10 // Target Devices:
\ o%| 11 // Tool versions:
E 12 // Description:
= ol T
- % 14 ;/ Dependencies:
= is /
@ 16 // Revision:
@©| 17 // Revision 0.01 - File Created Workspace
— 18 // Additional Comments:
L €2 No Processes Running 19 //
7 | Processes: and2gate 2(; xflgc/i‘/‘ig/:u{“/ig/‘gég/(/////////////////////////////////////////////////// 1111111717177
[ P 15imSimulator > - ¢
23
% 24
m . 25 endmodule
Click on 2
(13 99
and2gate.v
tab J
\~
ﬁ\ D
& Start | &3 Design | Fies | Q) Libraries| | & ISE Design Suite InfoCenter ﬂ [ ndgate TN g‘
N v 2
Console S —— ~08x
4 INFO:ProjectMgmt - Parsing design hierarchy completed successfully. -
Started : "Launching ISE Text Editor to edit and2gate.v". D
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11. Notice that the ISE has already entered a comments sections along with a couple of lines of code for us.
* The line “’timescale Ins/ 1ps” is located at the top of the file. The Verilog language uses dimensionless time
units, and these time units are mapped to “real” time units within the simulator. "timescale is used to map to the
“real” time values using the statement "timescale <timel>/ <time2>, where <time1> indicates the time units
associated with the #delay values, and the <time2> indicates the minimum step time used by the simulator.
¢ The and2gate module is also declared using “module and2gate();” and “endmodule”, but the ports are left for us

to define.

*  We finish specifying the functionality of the and2gate module as shown below.

r
& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.v]

“timescale 1ns / 1ps

module and2gate(A, B, F);
input A, B;
output F;
reg F;

always @ (A, B)
begin
F<=A&B;
end
endmodule

=B
@ File Edit View Project Source Process Tools Window Layout Help - |8 %
DAEF L ¥DOBX[wa| A BB ,PRIBE TS LR PSOTY
Design ad =) x‘ < 1 ‘timescale ins / 1ips
[1] | View: © {8} Implementation © ff Simulation 2]
1 |Behavioral A|l= 3] module and2gate(A,B,F):
:.EJ 4f input A, B;
5&] Hierarchy “ 5 output F;
= ©] AND2gate [ reg F;
@i | 2 £ xc3s500e-4fg320 7
& and2gate (and2gate.v) 2 g always @ (&, B)
= . 9 begin
A 10 dF <= A & B;
r o 13 en
@ :‘ 12] endamodule
- A 13
1 x4
(€]
@
P> | T2 No Processes Running
71, | Processes: and2gate
@ ¥ ISim Simulator
A
<[m | »
| start | @8 pesgn [[) Fies [ Liraries| | & ISE Design Site InfoCenter B and2gate.v @J
Console <08 X
i) INFO: ProjectMgmt - Parsing design hierarchy completed successfully. ~
i) INFO:HDLCompiler:1769 - Bnalyzing Verilog file \"Z:/Projects/REND2gate/and2gate.v\" into library work
J) INFO:ProjectMgmt - Parsing design hierarchy completed successfully. ‘5‘
< m »
Console ‘0 Errors I_ﬁ Warnings Ixii Find in Files Results
Ln2Coll Verilog




12. We also want to add a test bench and again follow Steps 8 — 11 to add “and2gate tb.v”’. Then we add the

functionality of the testbench module as shown below.

~

& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate_tb.v] = =
[2) File Edit View Project Source Process Tools Window Layout Help [=]=]x]

DPEF L %obXx|vwa| frr e 2B z2E0cseiplP)Q
Design «08 x| 1 ‘timescale 1ns / 1ps -
B View: ©) @Implementaﬁon @ Simulaﬁon IS 2 B

Behavioral o] — 3 module and2gate_tb():
@ - 4 reg A t, B_t;
[g Hierarchy v 5 wire F_t;
~ | € AND2gate 6
wi | B £3 xc3s500e-4fg320 7 and2gate and2gate_1(A t, B_t, F_t)
E and2gate_tb (and2gate_tb.v) 9 e
== — D initial
A 10 begin
o 11
2
@ 12 // case 0
- » 13 A_t<=0; B_t<=0;
- %% 14 #1 sdisplay("F t = %b", F_t);
—| |15 L
@ 16
- 17
» No Processes Runni O
» (] ing B I DS = %b", F_t)
’?t Processes: and2gate_tb 19
1Sim Simulator 20
% y 21 A t<=1; B_t<=0;
’57{: 22 #1 Sdisplay("F_t = %b", F t);
— 23
m 24 // case 3
25 A t<=1; B_t<=1;
26 #1 §display("F_t = %b", F_t);
27
28 end —
29 endmodule
< | “l‘" »
| start | @3 Design [} Fies | ) Libreries| | o ISE Design Suite InfoCenter ) | [2] andzgate.v ) | [2) andzgam_)(g]
Console +08 X
i) INFO:HDLCompiler:1769 - Analyzing Verilog file \"Z:/Projects/AND2gate/and2gate_tb.v\" intoN\library w «
i) INFO:ProjectMgmt - Parsing design hierarchy completed successfully.
i) INFO:HDLCompiler:1769 - Analyzing Verilog file \"Z:/Projects/ANDZgate/and2gate_tb.v\" into 1lib
i) INFO:ProjectMgmt - Parsing design hierarchy completed successfully.
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Console @ Errors | 1\ Warnings | (8 Find i Fies Results

Ln2Coll Verilog

“timescale 1ns / 1ps

module and2gate_tb();
reg A_t, B_t;
wire F_t;

and2gate and2gate_1(A_t, B_t, F_t);

initial
begin

// case 0
A_t<=0; B_t<=0;
#1 $display("F_t = %b", F_t);

// case 1
A_t<=0; B_t<=1;
#1 $display("F_t = %b", F_t);

// case 2
A_t<=1; B_t<=0;
#1 $display("F_t = %b", F_t);

// case 3
A _t<=1; B_t<=1;
#1 $display("F_t = %b", F_t);

end
endmodule




13. We now want to synthesize the AND2 gate circuit onto the Spartan3E Starter Board. While we will skip to synthesis
in this tutorial, it is always a good idea to first simulate the design to ensure correctness.
* Expand the source file listing by click on the + to left of and2gate (and2gate tb.v) in the Hierarchy area.

_» ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate_tb.v] [E=EE
I:éj File Edit View Project Source Process Tools Window Layout Help Hlﬂlﬂ
Expand the DRPEHP L[ ¥obX|we| 2,38 2RI 2EOc[sRircLlQ
Design 1 ‘timescale 1ns / 1ps -
andzgate_tb [5f |View: © {8} Implementation @ 2 Ml
. . Behavioral o] — 3 module and2gate_tb();
by clicking || &= s regAt, 3o
ierarchy “ 5 wire F_t;
d _
on the + \. : AND2gate 6
3 g 35500 e-4fg320 7 and2gate and2gate_1(A_ t, B_t, F_t);
& @ and2gate_tb (and2gate_tb.v) 2 8
= and2gate_1 - and2gate (and2gi — 9 initial
Al 10 begin
11 =
E % 12 // case 0 3
= A 13 A _t<=0; B_t<=0;
K (I ] Moxg 14 #1 Sdisplay("F_t = %b", F_t):
_ e 15
: €2 No Processes Running @ 16 // case 1
74, | Processes: and2gate._tb (5] 17 ?_:<=0; B_t<=1;
—_ 1 $display("F = %b", F ;
2|5 %  IsimSimulator 12 splay ("F_t o)
oy 2O Behavior checksyntax 20 /1 case 2
A imulate Behavioral Model o A t<=1; B_t<=0; 1
m 22 #1 §display("F_t = 3b", F_t):
23
24 // case 3
25 2 t<=1; B_t<=1;
26 #1 Sdisplay("F_t = %b", F_t): -
<[] »
| & start | =8 pesign |1 Files [P Libraries| | & ISEDesign Suite InfoCenter [ | X DesignSummary [ | [ andzgate_tby (@ |[E] and2gatey [ ]
Console 08 X
Fuse CPU Usage: 92 ms -
Launching ISim simulation engine GUI...
"Z:/Projects/AND2gate/and2gate_tb_isim beh.exe" -intstyle ise -gui -tclbatch isim.cmd -wdb "Z:/Projects/ANL
ISim simulation engine GUI launched successfully
Process "Simulate Behavioral Model" completed successfully [
< n »
Console @ Errors |_A Warnings ]Fﬁ Find in Files Results
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* Right click on the and2gate (and2gate.v) in the Hierarchy area and select Source Properties.

r
& ISE Project Navigator (0.61xd) - Z\Projects\AND2gate\AND2gate.xise - [and2gate_tb.v] eSS
@ File Edit View Project Source Process Tools Window Layout Help Mmb
DPEHF I kobXx|wa| AR RN maoz[sRirsLl?
Design 1 “timescale 1ns / 1ps ~
5] | View: (@] @Wementzﬁm 2 (W
‘g Behavioral = 3 nmodule and2gate_tb();
B 4 reg B t, B_t;
Hierarchy “ 5 wire F_t;
— | €l AnD2gate - 6
@i | 2 £ xc3s500e-4fg320 7 and2gate and2gate_1(A t, B_t, F_t);
E =} and2gate_tb (and2gate_tb.v) ) 8
= and2gate_1 - al a nitial
[f] New Source... begin
Add Source... 2
E & // case 0 3
- g;] Add Copy of Source... A t<=0; B_t<=0;
ol (<) i v = %", F t);
Open - =
: €2 No Processes Running &] Remove // case 1
- - A t<=0; B_t<=1;
| Processes: ardeg.ate_l and2g Manual Compile Order #1 $display("F t = 3b", F t);
¢ 2@ ISim Simulator a - -
X s Setas Top Module
R. ht l. k % ®)  Behavioral Cheg < o // case 2
i i rt
lg CliIcCK on A Simulate Behavi martGuide. A t<=1; B_t<=0; L
m File/Path Displa » #1 sdisplay("F_t = %", F_t);
and2gate and g5 ‘
66 Expand All // case 3
select “Source P A temi; Btesi;
. Y #1 Sdisplay("F_t = %b", F_t): <
Propertles ™ {4 Find... Ctrl+F y
> S esiofh | ([ Files i i foCenter || | & Design Summary || Hg and2gate_tb.v m|[§j and2gate.v E]]
Design Properties.
Console Source Properti ~08x
Fuse CPU Usage: 92 n -
Launching ISim simulation engine GUI...
"Z:/Projects/AND2gate/and2gate_tb_isim beh.exe" -intstyle ise -gui -tclbatch isim.cmd -wdb "Z:/Projects/ANL
ISim simulation engine GUI launched successfully
Process "Simulate Behavioral Model" completed successfully [
< i »
Console |a Errors | A\ Warnings | (4 Find in Files Resuits
Edit the properties for the highlighted source Ln3Coll Verilog
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*  Choose All as the View Association

r N
&8 Source Properties - Design View Properties ‘i‘
Category Use this to change the selected design unit's design properties.
Design View Source File: [anngate.v I
Hardware Co-Simulation
Include File References Property Name Value
View Association |AI[ v
Include as Global File in Compile List
Source Library work
Lo J[ conct J[ oy J[ reo |
L J

¢ Right click on the and2gate tb (and2gate tb.v) in the Hierarchy area and select Source Properties.

-
& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate xise - [and2gate_tb.v]

@ File Edit View Project Source Process

Tools

Window Layout Help

[==]x]

DAEPI [ X¥DDX|va| 2B R 2R EEEIPXIITE Y I
Design e08 x| < 1 ‘timescale 1ns / 1ps ~
& |View: © {8} Implementa® {8 simula' = 2 B
(E] Behavioral 4 3 module and2gate_tb():
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@ Hierarchy o 5 wire F_t;
= | AND2gate 6
i | B £3 xc3s500e-4fg320 7 and2gate and2gate_l1(A t, B_t, F_t);
E =] and2gate_tb (anc2eate toEG 2 -
ol and2gate 1 -| [1] New Source... al -
&] Add Source...
vy |« n Add Copy of Source... case 0
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select “Source ~\ File/Path Display y lo<=1; 3_t<=0;
. N $displav("F t = 3b", F t); X
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Fuse CPU Usage: o
Launching ISim Design Properties...
"2:/Projects/AND2ga RS e" -intstyle ise -gui -tclbatch isim.cmd -wdb "Z:/Projects
ISim simulation engl lly o
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Console [_6 Errors IJ& Warnings IR Find in Files Results
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*  Choose Simulation as the View Association

r
&3 Source Properties - Design View Properties g
Category Use this to change the selected design unit's design properties.
Design View Source File: land2gate_ﬂ:|.v ‘
Include File References
Property Name Value
View Association
Include as Global File in Compile List
Source Library work

[oc J[ concel J[ seay J[ reo
¢ Choose “Implementation” as the view.
I N

& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.v] (=[@] % ]

Choose @ File Edit View Project Source Process Tools Window Layout Help H]ﬂm
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Desig ©08 x| N= 1 ‘“timescale 1ns / 1ps
EI View:€Q) Implementation @Simulaﬁon = 2
Hi h f— 3 module and2gate(A,B,F);
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AND2gate “ 5 output F;

—| & €3 xc3s500e-4fg320 & reg F;:

& - [¥]e% and2gate (and2gate) 7

= ) 3 always @ (&, B)

g — 9 begin

A 10 F <=1 & B;
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Fuse CPU Usage: 92 ms -
Launching ISim simulation engine GUI...

"Z:/Projects/AND2gate/and2gate_tb_isim beh.exe" -intstyle ise -gui -tclbatch isim.cmd -wdb "Z:/Project:—
ISim simulation engine GUI launched successfully L
< m »
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*  Double-click on the and2gate (and2gate.v) in the Hierarchy area.

& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.v] = 8 X
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A 10 F <=1 & B;
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= 12 endmodule
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— )  Synthesize - XST L

- 2  Implement Design

Q S
- < [om ] »
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Console <08 X
Fuse CPU Usage: 92 ms -
Launching ISim simulation engine GUI...

"Z:/Projects/AND2gate/and2gate_tb_isim beh.exe" -intstyle ise -gui -tclbatch isim.cmd -wdb "Z:/Projects—
ISim simulation engine GUI launched successfully -
< | m ] »

Console I_é Errors IL Warnings | (9§ Find in Files Results
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Before we synthesize our design, we need to map the and2gate’s inputs and outputs to the pins of the FPGA that we
want connected to our design using a User Constraint File (UCF). For this circuit we will use the two of the switches
on the Spartan3E Starter Board as the inputs (A, B) and one of the LEDs as the output (F). The following picture
show which switches and LED we will be using. Printed on the board next to each of the components is the pin
number associated with that component.
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*  Click on Project, choose New Source

*  (Click on the Next button

Choose Implementation Constraints File as the file type
In the File name: box enter the desired file name, in this case the file is named “and2gate.ucf”

Select Source Type

Select source type, file name and its location.

BMM File

€* ChipScope Definition and Connection File

® Implementation Constraints File
IP (CORE Generator & Architecture Wizard)

MEM File

Schematic

System Generator Project

User Document

Verilog Module

Verilog Test Fixture

VHDL Medule

VHDL Library

VHDL Package

VHDL Test Bench

Embedded Processor

EOEEEI) X[

File name:
ianngahe.ucf

Location:

’ Z:\Projects\AND2gate

Add to project

[ Next

A summary will appear. Click on the Finish button.

Summary

Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: Z:\Projects\AND2gate
Source Type: Implementation Constraints File
Source Name: and2gate.ucf

Association: and2gate




*  Click on the UCF listing under and2gate (and2gate.v) in the Hierarchy area.

Click on

the UCF =]

file listing

& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate xise - [and2gate.ucf] [E=SEER
[2) File Edit View Project Source Process Tools Window Layout Help H[ﬁjm
DAEHFIL[kDEXx|wel rrpRrRIN =B Sseir L)@
Design ~08 x| 1
Hf @ Implementation () Simulation =
5| | Hierarchy =
@ AND2gate =
—| & xc3s500e-4fg320
o5
é» & i@ and2gate.ucf » “
A
2 “
P | ¥2 No Processes Running . 2
‘%’t Processes: and2gate.ucf 1
S| @  User Constraints @
2% °
m
<« [ »
| & start | @3 pesign [I[) Fies [[®) Ubraries|  nsutefocenter [) | £ Designsummary [ | [2] andzgate.v [) | [2) and2gateucf [ :\»
Console <08 X
Process "Simulate Behavioral Model" completed successfully -~
Started : "Launching ISE Text Editor to edit and2gate.ucf". B
< [T »
Console Ifo Errors |_ﬁ Warnings |R Find in Files Results
Ln1Coll UCF
*  Expand the User Constraints option by clicking on the + symbol located to the left.
_ ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.ucf] [E=EEER
[2) File Edit View Project Source Process Tools Window Layout Help \;Hi“l[
DAESIL XD JrraR RN =E o[ s LlQ
Design ~08 x| FE i
Ef View: @ {H:I}lmplementaﬁon © b=
(&] | Hierarchy =
& AND2gate -
— | 2 €3 xc3s500e-4fg320
o & [W]eh and2gate (and2gate)
E [d) and2gate.ucf “
o A
¥ »
» | B) NoProcesses Running . 3
?t Processes: and2gate.ucf 2
E{' =3 ? iUser Constraints @
= [2]  Edit Constraints (Text) 05)
% e
m
<« [m

| & start | =8 pesin [} Fies [P uibraries |

»
n Suite InfoCenter [ | X Designsummary [ | [2] and2gatev [ |2 and2gate.ucf [ :\»

Console 08 X
Process "Simulate Behavioral Model" completed successfully -
Started : "Launching ISE Text Editor to edit and2gate.ucf". =

< n

»

Console [6 Errors | A\ Warnings | 19§ Find in Fies Results

Ln1Coll UCF




¢  Double-click on Edit Constraints.

-
& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate xise - [and2gate.ucf]

P

@ File Edit View Project Source Process Tools Window Layout Help

BEE

D(&wal >| db e fx|¥) ('Nl »

P r,RR AR

EEREEIPLITE Y I

Design 08 x o =
] | View: @ Impiementab‘on © g8 simulation =
] | Hierarchy =
& (] AND2gate -
— | = €3 xc3s500e-4fg320
ok & [V)dh and2gate (and2gate.)
E [d and2gate.uct w
- 4
¥ 2 3
» | ¥) NoProcesses Running >
7{ | Processes: and2gate.ucf 1
-cli s a0 i®
Double-click on ||| =
“Edit Constraints||** =
(Text)” @
<« [m

»

[& Start | @2 Design | (] Fies | ) Lbraries |

in Suite InfoCenter D] 3 Design Summary D]@ and2gate.v || ‘@ and2gate.uct [ :‘:

Console 08X
Process "Simulate Behavioral Model" completed successfully -
Started : "Launching ISE Text Editor to edit and2gate.ucf". =

-
< i »

Console ’_6 Errors |_ﬁ Warnings Im Find in Files Results

Ln1Coll UCF

the UCF file before proceeding.

We specify the connection between our and2gate design and the FPGA’s pins as shown below. Be sure to save

-
& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.ucf]

(=&

[% File Edit View Project Source Process Tools Window Layout Help

__—_ -2 x|l NET"A"LOC = "N17";

: db

DRES % T hX|wa| 22PN AR

ol e FE L] 0

NET "B" LOC = "H18";

Design 08 X &
View: @ Implementau'on €

T "A" LOC
T "B" LOC
ET "F" LOC

NEI— ||Fll LOC - IIF12";

Hierarchy
AND2gate
= £ xc3s500e-4fg320
=3 g% and2gate (and2gate.v)
[4) and2gate.ucf

155 Tl | 11 1
wowN e

| |8 | BB fim =

T2 No Processes Running

Processes: and2gate.ucf
£  User Constraints
- Edit Constraints (Text)

H B HH|V [«
Q@ ¥ ¥ & & |I8

< m

3

& Strt | I3 Design |1 Fies | [ ibraries |

nSuite InfoCenter [] | X Design summary [] | [2] and2gate.v [ \_@ and2gate.ucf [ :\»

Console

08 X

< nm

-

Console |_6 Errors | 1\ Warnings | (§ Findin Fies Results

Ln4 Coll UCF




15. We can now synthesize our design.
*  Click on the and2gate (and2gate.v) in the Hierarchy area.

& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.ucf] [E=SRIE
@ File Edit View Project Source Process Tools Window Layout Help l;“ﬂ\l]
DG [sDbXx|vwal [ rr R RN maa[serEPlQ

Design 08 x| 1 NET "A" LOC = "N17":

& View: © Implementaﬁon © 8 simulation NS 2 NET "B" LOC =

- = 3 NET "F" LOC =

&l |erac y 2

@ AND2gate =

—|=-a Azt

o

i

R ©

a E]

/‘

P 2

2 %

P | ¥ No Processes Running %4

%’t Processes: and2gate | 6

=) Design Summary/Reports @

= Design Utilities =

?t User Constraints =

_— Synthesize - XST

= Implement Design

Generate Programming File
Configure Target Device
€% Analyze Design Using ChipScope < < amlll 0l
| & start| =3 pesin [} Fies [ Ubraries |  nsuiteInfocenter () | & Designsummary [ | [E] and2gatenv [ | [B) andagate.uct E3 : 3
Console «0& X
-
< n »
Console I—a Errors [_ﬁ Warnings Ifﬂ Find in Files Results
Ln4 Coll UCF

*  Double-click on Synthesize — XST. This step will synthesize your design to the basic logic structures of the
FPGA (LUTs). When completed, you should hopefully see a message Process "Synthesize" completed
successfully. If not, please go back and make sure you followed the previous steps correctly.

(o s Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.ucf] =)
@ File Edit View Project Source Process Tools Window Layout Help H@Iﬁ’
DAEFI XD Xx|wa| frrap 2RI mEOcesrrcP[?
ign 08 x| -
View: @ lementation ) 8 i

[=]
m
&

1T .

1 NET "A" LOC =

lation = 2 NET "B" LOC =
3 =
4

NET "F" LOC

Hierarchy
] AND2gate
= £ xc3s500e-4fg320
& [V]e and2gate (and2gate.v)
and2gate.ucf

5

Yl O =

€2 No Processes Running

>

|O@|¥ ¥ & »|1°

Processes: and2gate
Design Summary/Reports
Design Utilities
User Constrain
Synthesize - XST

A8HAV [«
5

w-a-a-a

mp o)
Generate Programming File
Configure Target Device

Analyze Design Using ChipScope i gl o5
[ Stert | 8 Desion |} Fles |[) Lbraries |  nSuiteInfoCenter |) | % DesignSummary [ | [2) and2gate.v [ | [2) andagate.uct Q_[EH’

Console <08 X

&
2

-

< "

Console ré Errors |_ﬁ Warnings |fﬁ Find in Files Results

Ln4 Coll UCF




Double-click on Implement Design. This step will create a final implementation for your design. When
completed, you should see a message Process "Generate Post-Place & Route Static Timing" completed
successfully. If not, please go back and make sure you followed the previous steps correctly.

r
& ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.ucf] [E=EEE
@ File Edit View Project Source Process Tools Window Layout Help H\ﬂm

FEEEIBFEERICEIE

ign e08 x|

»r,BR PRI =E TSR PEL[Q

o
o
&

Processes: and2gate =

Design Summary/Reports
Design Utilities
User Constraints

1 NET "A" LOC =
[[] |View: © 18} Implementation ©) [ Simulation N 2 NET "3" LOC =
. — 3 NET "F" LOC =
:EI Hierarchy A
g«a E AND2gate =
— | = €3 xc3s500e-4fg320
a5 =] uuu and2gate (and2gate.v)
E @ and2gate.ucf “
A
2 3
.3
€2 No Processes Running x5
5]

m

O RER|Y |«
¥

) Symtiresmemiil
plement Design

[$) S RswgrEiming File
@ Configure Target Device

€*  Analyze Design Using ChipScope 2 < m »
|’ Start ‘ = Design | U] Fies |1 Libraries‘ ‘nter [j] X Design Summary (Synthesized) DJ@ and2gate.v || ‘@ and2gate.ucf QJEIP

Console 08 X

Process "Synthesize - XST" completed successfully

=]
< T )
Console |_6 Errors |_ﬁ Warnings |fﬁ Find in Files Results

Create a new file Ln4 Coll UCF

Double-click on Generate Programming File. This step will create the bitstream needed to program the FPGA
on the Spartan3E Starter Board. When completed, you should hopefully see a message "Generate Programming
File" completed successfully. If not, please go back and make sure you followed the previous steps correctly.

[ & ISE Project Navigator (0.61xd) - Z:\Projects\AND2gate\AND2gate.xise - [and2gate.ucf] EIEH
@ File Edit View Project Source Process Tools Window Layout Help M@m
DAEF L[4 xlva| 2,38 ,RI 20, rpeLlQ

ion *08&x| 4 1 NET "a" LOC
View: © 8} Implementation ) [ Simulation R 2 NET "B" LOC
3
4

[=]
m
2

NET "F" LOC

Hierarchy
(] AND2gate
= £ xc3s500e-4fg320
=] nnn and2gate (and2gate.v)
and2gate.ucf

5

B | | o | B fn =

€2 No Processes Running

Processes: and2gate -
Design Summary/Reports

Design Utilities
User Constraints

Synthesize - XST

@@ ¥ ¥ & |5

AN
M

Generate Programming File
T ——

€+ Analyze Design Using ChipScope %% <l L
| & Start ‘ ©18 Design | U] Files |® Libraries | rter E]] % Design Summary (Implemented) || J B and2gatev [ ‘@ and2gate.ucf [ : >
Console <08 X

Total time: 1 secs -

Process "Generate Post-Place & Route Static Timing" completed successfully

< m >
Console |@ Ermors | 1\ Warnings | i Findin Fies Results

Ln4 Coll UCF




16. We are now ready to program the Spartan3E Starter Board. You should be as careful as possible when using these
FPGA development boards. If you need to unplug the power, please wait 30 seconds before plugging the power
supply in again. This will help to ensure a long life for the board.

*  Plug the power supply into an appropriate wall socket.

*  Plug the power supply into the Spartan3 starter board.

Connect the Spartan3 Starter Board to the USB port of your computer using the supplied programming cable.
Connect the other end of the supplied cable to Spartan3 Starter Board at the location shown below.

Make sure your board is “ON”, a light should illuminate by the power supply if the board is on.

Power _} A { i '

Supply

gicron

ON/OFF ot - ) et ' ol 1,
Power Switch . s 7
CEXUNX| |3
DIGILENT . “ %
USB ~SPARTAN-3E L . =
Connection =R, =% =

USB Type B Connector

/ Connects to Starter Kit's USB cornector

T usB Type A Connector
Cornects to computer's USB connector




17. We will run the Xilinx iMPACT tool utilized to program the FPGA.

*  Double-click on Configure Target Device. This will launch the iMPACT tool in a separate window.
*  You may be presented with a Warning window. Click OK.

& Warning

| No iMPACT project file exists. Click OK to open iIMPACT. You will then need to
A define a configuration chain, designate which device in that chain is the target
device, and then save the IMPACT 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 GUL

_ —)

*  Note: It may take a few minutes for the program to launch the first time. Please be patient.

*  Double-click on Boundary-Scan in the iMPACT Flows area.

5 ISE iIMPACT (0.61xd) kY LY L Y [E=TEE)
File Edit View Operations Output Debug Window Help
DAliw [maolew

08 X

“& 4| Boundary Scan ’
=]

Double-click on 55

“ 99| | " [2] Create PROM File (PROM File Format...
Boundary Scan [S) WebTalk Data

iMPACT Processes +08& X

Console «+08& X
| A
[E] console Errors | A\ Warnings

CIIEEL




e Select Initialize Chain from the File menu. Click Yes if prompted with an Auto Assign Configuration Files
Query Dialog window

*  You will be prompted to Assign a New Configuration File. This file is for the Spartan3E FPGA we are
configuring. Choose the and2gate.bit file in the Z:\Projects\AND2gate directory. Click Open.

r Y
Assign New Configuration File m
Lookin: |, Z:\Projects\AND2gate o © © i E

k My Computer
R adrianim

|, _ngo
| _xmsgs
| ipcore_dir
|, iseconfig
L isim

|, xInx_auto_0_xdb
oxst

|| File name: and2gate.bit

Files of type: |All Design Files (*.bit *.rbt *.nky *.isc *.bsd) E

EEEE
f

e You will be asked to attach an SPI or BPI PROM. Click No.

)
Attach SPI or BPI PROM [

|t/—-\\| This device supports attached Flash PROMs.
‘€’ Do you want to attach an SPI or BPI PROM to this device?

[ Yes ] E No i

*  You will again be prompted to Assign a New Configuration File. This file is for the FLASH memory that can
be used to store the FPGA configuration. We will not be using the FLASH at this time. Click Bypass.

r Y
Assign New Configuration File m
Look in: || Z:\Projects\AND2gate El Q © O ¥ B8

., _ngo

k My Computer | |
) |, _xmsgs
a adrianlm | ipcore_dir
)
)
)
)

. iseconfig

, isim

. xInx_auto_0_xdb
. xst

File name:

Files of type: |All Design Files (*.mcs *.isc *.bsd)




You will again be prompted to Assign a New Configuration File. This file is for the CPLD. We will not be using the
CPLD at this time. Click Bypass.

r@ Assign New Configuration File M
Lookin: | ), Z:\Projects\AND2gate Fleoou@mEE

* My Computer
R adrianim

| _ngo

| _xmsgs
1. ipcore_dir
| iseconfig
L isim

1. xInx_auto_0_xdb ll
Loxst

File name: l

Files of type: lAII Design Files (*.mcs *.isc *.bsd)

¢ A Device Programming Properties Dialog will open. Click OK.

@ Device Programming Properties - Device 1 Programming Properties u
Category
:Boundary-Scan
Device1 ( FPGA xc3s500¢e ) Property Name Value
Device 2 (PROM xcf04s ) Verify ]
peiced (CRIDzicaste) FPGA Device Specific Programming Properties
Pulse PROG

[oc J[ oo J[ aoy [ rep




¢ Right click on the device labeled xc3s500e and choose Program...

-

1% ISE iIMPACT (0.61xd) - [Boundary Scan] =8

@ File Edit View Operations Output Debug Window Help Hlﬂ”i]

DR XpEXxunxL @ moien

iMPACT Flows 08 X

‘aa Boundary Scan EFERL

[=] SystemACE P
=] Create PROM File (PROM File Format... —
- [2] WebTalk Data oI Program
""" et Device ID
xc3s50l  Get Device Signature/Usercode
and2gate  QOne Step SVF
TDO
One Step XSVF

iMPACT Processes 08 X

Available Operations are: sttt

= Program Assign New Configuration File...

=) Get DeviceID Set Programming Properties...

=) Get Device Signature/Usercode Set Erase Properties...

=) Read Device Status

=) One Step SVF Launch File Assignment Wizard

=> One Step XSVF Set Target Device

B Boundary scan T
Console 08 X
4y INFO:iMPACT:501 - '1': Added Device xc3s500e successfully. -~
=
< m »
Console I—é Errors I.ﬁ Warnings
|Conﬁguration IPIatform Cable USB [6 MHz r [usb-hs




Upon programming the FPGA you should hopefully see the Program Successful message as shown below.

r N
ISE iMPACT (0.61xd) - [Boundary Scan] [E=RIER
File Edit View Operations Output Debug Window Help S

DAPEH ¥XDOXuEnxXx: @& TT) LN
iMPACT Flows 08 X
[ g@ Boundary Scan TSFLIBET

[=] SystemACE

E Create PROM File (PROM File Format...
=] WebTalk Data oI Exay Dosy

xc3s500e xcflds xc2cB4a
and2gate.bit bypass bypass
TDO

iMPACT Processes 08 X

Available Operations are:

=) Program

=) Get DeviceID

=) Get Device Signature/Usercode Prooram Succeeded

=) Read Device Status =) :

=) One Step SVF

=) One Step XSVF

) Boundary Scan ’

Console «+08 X
'1': Programmed successfully. -
PROGRESS_END - End Operation.

Elapsed time = 1 sec. —
<« | 1 »
Console [_6 Errors I_ﬁ Warningsl

Configuration |Platform Cable USB |6 MHz usb-hs

If instead you receive a Program Failed message, try the following steps to correct the problem.
o Remove power from the Spartan3 Starter Board by carefully unplug the power supply from the board.

o  Wait 30 seconds and apply power by carefully plugging the power supply into the board.
o Program the device again.

18. Congratulations. You have successfully synthesized and implemented your 2-input AND gate onto the Spartan3E
Starter Board. You can test your AND gate by changing the input switches. When both switches are enabled (in the
up position) the LED should illuminate. For all other switch configurations, the LED will be off.



