ECE574 Jim Duckworth

(Updated by Jorge Alejandro, September 2008 ford&ision 10.1)
(Updated by Jorge Alejandro, September 2009 ford&fSion 11.1 [simulation only])

Start Xilinx Project Navigator.

Id
ilim ISE 10,1

From the menu bar, Seldéle => New Project
Enter a project name and location, clid&xt.

ES New Project Wizard - Create New Project

Enter a name and location far the project

Project name: Project location

encoder tutcﬂid | |M:'\EEE 57 dhprojectshencoder tutonalencoder tutclria| E]

Select the twpe of top-level zource for the project

Top-level source type:

HDL v
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Choose the correct device and its properties, diekt. (XC3S500Hor this tutorial)

ES New Project Wizard - Device Properties

Select the device and design Flow for the project

Property Mame Walue

Farnily Spartan3E v
Device = C35500E w
Packane Fa3z0 w
Speed -4 “
Top-Level Source Type HOL

Synthesis Tool #5T WMHDLAYerilog) L
Simulator ISE Simulator [YHDLAYerilog) “
Preferred Language WHOL -

Enable Enhanced Design Summary
Enable Mezsage Filtering P

Dizplay Incremental Messages F

[ < Back I I Hext = I ’ Cancel ]

Click New Sourceto add a new source file to the project.

ES New Project Wizard - Create New Source

Create a new source

Source File Type

1 Remaove

Creating a new zource to add to the project iz optional. Only one new source can be created with the Mew Project Wizard.
Additional sources can be created and added to the project by uzing the "Project->Mew Source' command.

Exizting zources can be added on the nest page.
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SelectVHDL Moduleand provide name, cliddext.

E= New Source Wizard - Select Source Type

o 1P [CORE Generator & Architecture Wizard)
|4+ Schematic

' State Diagram

Test Bench 'waveform

| =] User Docurmnent

Yerilog Module File name:
L] Werilng T est Fisture
% VHOL Module

|enu:u:uder |

[ HOL Library Location:
YHOL Package
E WHDL Test Bgnch |M:HEEE Bi4hprojectshencoder butonalencoder | E]
L1
| Embedded Processor

Add bo project
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Enter the required inputs and outputs, chsxt.

EE New Source Wizard - Define Module

Entity name |Er'||:|:|l:|er |
Architecture name |Behaviu:ura| |
Port Mame Direction Bus | MSE LSE ”~
i if ]
il i ]
i2 i [
i3 i ] L
a out w 1 ]
if ]
if ]
i +[]
in ]
in [ w
[ ¢ Back ] [ Mewut » l [ Cancel




ECE574 Jim Duckworth

Click Finish. (You may be prompted to create the directorgkdlik).

ES New Source Wizard - Summary

Project Mavigator will create a new skeleton source with the following specifications:

Add to Project; Yes

Source Directory: M:AECE 574hprojectsi\encader_tutornial
Source Type: YHOL Module

Source Mame: encoder.vhd

E ntity name: encoder
Architecture name: Behavioral
Port Definition:s:

i Firn in
i Firn in
i Pin in
i3 Firn in
a Bus: 1.0 out
¢ Back ] I Finizh l [ Cancel ]
Click Next.

ES New Project Wizard - Create New Source

Create a new source

Mew Source. ..

Source File Type

1 | YHDL Module

Creating a new source to add to the project iz optional. Only one new zource can be created with the New Project ‘wizard.
Additional sources can be created and added to the project by uzsing the "'Project->Mew Source' command.

Exizting sources can be added on the nest page.
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Click Next.

ES New Project Wizard - Add Existing Sources

Add existing sources

Source File Copy to Project Add Source

Remove

Adding exigting sources iz optional. Additional zources can be added after the project iz created uszing the "Project->Add
Source" or "Project-»Add Copy of Source’ commands.

¢ Back ] [ Mewt » ] [ Cancel ]

Click Finish.

ES New Project Wizard - Project Summary

Project Mawvigator will create a new project with the following specifications:

Project: i
FProject Namwe: encoder tutorial
Froject Path: M:ZECE 574hprojectsi\encoder tutorial
Top Lewvel Jource Type: HDL

Dewice:
Device Fawily: SpartanikE
Dewvice: ®xc3is500e
Package: fog3z0
Speed: -4

Fynthesiz Tool: X3T (VHDL/Verilog)
Simulator: ISE Jimulsator (VHDL/WVerilog) B
Preferred Language: VHDL

Enhanced Design Summary: enabled
Message Filtering: disabled s

[ < Back ] I Finigh l [ Cancel
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Double click on the encoder module in the Sour@esep A skeleton of your VHDL file
was automatlcally generated for you.

OPHA &b %DBX Da B APNKAS A BEDD:FNIRA___ 8:0:008HP
: S E ALY ARBRTH QO

I 14 ) -~
Sources for: | Implementation b 15 -— Revision: i
'(“jencodelﬁtulorial 16 -— Revision 0.01 - File Created
- £ #c3:500e-4fg320 17 (-— Additional Comments:
library IEEE;
a1 use [EEE.STD LOGIC 1164.ALL:
2z use IEEE.STD _LOGIC ARITH.ALL:
23 use IEEE. STD LOGIC UNSIGNED ALL:
z4
o) ———= Uncomment the following library declaration if instantiating
26 -——— amny Xilinx primitives in this cods.
27 -—library UMNIZIN:
8 ——uzse UTNISIM.VComponents.all:
29
30 entity encoder is
- — 31 Port { i0 : in &TD_LOGIC;
Frocesses for. encoder - Behavioral 32 il & in  =TD LOGIC:
Add Existing Source 33 iz : in STD LOGIC:
Create New Source 34 i3 : in STD_LOGIC;
View Design Summary 35 a : out STD_LOGIC_VECTOR (1 downto 0));
Design Utilties o =nd encoder:
User Canstraints 3
2 38 architecture Behavioral of encoder is
Synthesize - XET a0
Implement Design 40 hegin
Generate Progranning File 41
Canfigure Target Device 4z
Update Bitstream with Processor Datay 43  end Behavioral;
Analyze Design Using Chipscope 44
45 —
~
< | > < | )
3 Processes | | 'ht's New i ISE Desion Suite 101 | &) ercoder vhd | 3 Design Summany |
Started : "Launching Design Surmary”.
| ¥

Comsole | @ Eras | 8\ Wamings | @ Tcishel | igg FindinFiles |

CAPS [MUM [SCRL [Ln 1 Col 1 [ YHDL
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Enter a VHDL description (provided below) for yancoder under the Behavioral
architecture.
Save the VHDL file (File => Saveor Ctrl+S ).

a<= "11"wheni3 ="1"else
"10" when i2 ='1' else
"01" when il ='1' else
"00";



ECE574 Jim Duckworth

Make sure that your VHDL module is selected in$oeirces Panel then double-click on
Synthesize-XSih the process panel to synthesize your design.
Wait for synthesis to complete.

—
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A warning will appear in the Transcript panel. Skiarning is valid (notice we did not
mention input ‘i0” at all in our description).
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Double-clickView RTL schematin the Processes panel un@gnthesis XST
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This will provide you with some insight as to hoay design will be implemented on
the FPGA. Double-click on the top-level moduleg(tiig box) to go down one level.

I’
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Here we can see our four inputs [i0, i1, i2, i3flamur output [a(1:0)]. Also, two sub-
modules are used to determine the values of ijsaad a(1). Double click on the first
module to see how it was implemented.

I'd
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The equivalent logic used to implement a(0) is shémote that this is just a
combinational logic representation of the Booleamction implemented using a lookup
table on the FPGA*. To go back (up one levelkkctheback arrowor right click the
schematic and choo&ack a Schematic
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Double click on the second sub-module to see havag implemented. Again, this is the
equivalent combinational logic of the function iraplented in a lookup table.
Close the RTL Schematic using the smaXan the upper right-hand corner of the

project navigator window.
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We will now test our design usingvddDL test bench From the menu bar, select
Project => New Sourceor right-click in the sources panel and seletv Source

oY
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Choose/HDL Test Bencland select a name for the Test Bench (TB).
Click Next.

Select the encoder module.
Click Next.

16
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Click Finish.

17
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A test bench skeleton file is created and showtherproject navigator. This file will
allow us to observe how our design behaves as p@\sit inputs.

18
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We need to write the test for our design ourselvidtodify the architecture description
of your design as shown below. Save your testélec( File => Saveor Ctrl+S ).

architecture behavior of encoder_tb is
-- Component Declaration for the Unit Under Test (UUT)

component encoder
port(

i0 : in std_logic;

i1:in std_logic;

i2:in std_logic;

i3:in std_logic;

a :out std_logic_vector(1 downto 0)
);

end component;

--Inputs

signal i0 : std_logic :='0;
signal il : std_logic :='0";
signal i2 : std_logic :="'0";

19
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In the sources panel, select the sources tab, ef®eisavioral Simulation, and then select
(single click) the test bench file.

From the processes panel, select the processasdalndeiXilinx ISE Simulatodouble
click Simulate Behavioral Model

w

'Y

21
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This is the simulator. Choose to run the simulkafar 10msand therclick the arrow.

7

w

22
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The simulation will now run. When it's done, yoancobserve the outpafl:0] as the
inputsi3, i2, i1, and iOchange. Is the output correct (does our desigk)@oNotice that
this test was not exhaustive as it only testedhaifiput combinations.

23
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Alternative Verilog Design

NOTE: As you would expect, an equivalent Verilogsig@ will result in exactly the
same logic being produced and the same simulagisults.

Start Project Navigator. Seldeile => New Project

Enter name and location, select device.
SelectNew Source SelectVerilog Moduleand provide name:

24
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A Verilog skeleton is produced, add behavioralestants:

module encoder(i0, i1, i2, i3, a);

input i0;
input il;
input i2;
input i3;
output [1:0] a;

reg [1:0] a;

always @(i0,i1,i2,i3)

if (I3 ==1'b1)
a<=2Dbl1;

else if (i2 == 1'b1)
a <= 2'bh10;

else if (il == 1'b1)
a <= 2'h01;

else
a <= 2'b00;

endmodule

The rest of the steps are equivalent to the VHDaneple.



