Tutorial 02:

Implementing VHDL design on FPGA board (NEXYS2)

Software:

Xilinx ISE as a software package containing a graphical IDE, design entry tools, a simulator,
a synthesizer (XST) and implementation tools.LAB Room-5111 and LAB Room-5241 already
contain Xilinx ISE suit 11 but if you want to work on your own computers then a Limited
version of Xilinx ISE (WebPack) can be downloaded for free from the Xilinx website.

Basically FPGA design process involves the same sequence of actions for every FPGA design

software suite:
i.e.

First to Create a project (choose a name for your project, an FPGA device (in this case
NEXYS2 BOARD), a default language which is VHDL etc.)

Add files to project (both HDL descriptions of the target device and testbenches for
behavioral simulation).

Do the Behavioral simulation to see if your logic is working (see the Tutorial01 for
Behavioral simulation).

Then you have to run Synthesis (an automatic process to translate HDL description to a
netlist).

Finally Implementation and bitstream generation (*.Bit file).

We will now discuss all above mentioned points step by step.

1.1 Creating a project

To create a project, start a Project Navigator and select File->New Project. You will be asked
for project name and folder. Leave "top-level source type" as HDL.
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Create New Project

Specify project location and type.

Enter a name, locations, and comment for the project

Mame: | hest_Counber|

Location: |C:‘M-IDLWorkspace'\test_Counber

Description:

Select the type of top-level source for the project

Top-evel source type:
|HoL

Figl.1

Now choose a target device (use a Spartan-3E XC3S1200E device (which is Mounted on
NEXYS2)) as well as set up some other options, as shown in the figurel.2 below.

Device Properties

Specify device and project properties.
Select the device and design flow for the project

Property Name Value
Product Category Al

Family Spartan3E
Device XC351200E
Package JFG320
Speed I-5

Top-Level Source Type HDL

Synthesis Tool X5T (VHDL/Verilog)
Simulator Modelsim-5E Mixed
Preferred Lanquag_e
Manual Compile Order

Enable Enhanced Design Summary |-

Enable Mﬁsaqe Fi!‘@elinq

Display Incremental Meszages

Fig1.2
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By pressing Next to the menu will lead you to create a new VHDL source file as shown in
figure 1.3

FOYXT ( LLK @ 1n :\LL'_LUi:iL:
CLR : in SFEO LOGIC-
——DOUT : o { =2 ‘
DOUTO: ouw
DOUTL: o @
New P ct Wizard
DOUT2: E ew Froje 1zar
DOUTS :
DOUT4 Create New Source
'S s N
- — D —— - - — l = thpage,andlabercreate
—— > S W —— —
=5 E New Source Wizard
rd - Mew Source, ..
Select Source Type |7R
i - EMOove
.| select type, A dits locat Select VHDL module to creat a
EleCt source ', TIE Nname and Its locaton,
eq 1P [CORE Generator & Architecture Wizard) new file anc_i then_Enterﬂ\e h
S charatic name (A_vmd writing Numeric
| |[3] User Document . Names like 123 orLab1)use
=g Verilog Module Alphanumeric names like
Ll Verilog Tect Piure LABone
l File name:
B VHDL Package test_Counter I
[% VHDL Test Bench
nd Location:
odl |C:\VHDLWorkspaoe\best_Counber | E]
o
oy
og
oy
oy
t Next | Canicel
SE Add to project i
— |
| Do ]
|| [vareinr next | [ cancel |
| [ret [ cane |05 B

Fig 1.3

CLK : 1n 5TD LOGEIC
CLR : in SFD TOGIC

|1

DOUT1: oy @ E Mew Project Wizard

DoUT2: d
DOUT3:
DOUT4 ¢ Create New Source
DOUTH
DOUY | You may optionally create one source at this time. You can add existing sources on the next page, and later create
feln || additional sources with the "Project-=New Source” command.

Create a new source

M Mew Source...

| Remove |

Define Module

Spedify parts for module.
Entity name !hest_munher

Architecture name iBehavioraI

Port Name Direction Bus MSE LSB =
clk in ~|E1 |
clr in T El
Dout out b 7 i0
in =[]
in =[]
in hd El
in =[]
in *|[7]
" oE B
in -|[] %

==

Fig 1.4
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1.3 Simulation:

To check that your code works as intended you have to create a testbennch where you relate all
your inputs and outputs to some predefine signals.

Test Bench is written in VHDL, just like a Hardware Description, but the difference is that a
testbench can only be use for simulation and is not synthesizable therefore it cannot be used
in real Hardware. Testbench are always visible in “Behavioral Simulation” mode that can be
selected from the combo box in the upper left part of the Xilinx ISE project Navigator. For
further details check “Tutorial01”.

1.4 Synthesis:

For implementing the design you should choose “Implementation” mode from the combo box
in the upper left part of the Xilinx ISE Project Navigator, as shown in figure 1.5.

ator - C Ut ounter.xise - [test_cou

File Edit View Project Source Process Tools Window Help

DPEF [ ypixlva|l 22 XX 2RIE e @)@
Diesign 05 X| TETT e —
[E Sources for: (Implementation = 2 —— Comp:

—_— 23— Engi

& | -
Eﬁ] """ L S —— Creai
= = &8 -—— Desit
. = 7 -- Modu
e 8 -— Projs
% — g == Tang:
Select Implemenatation instead of Behavioral A| 10 -- Teol
% 11 —— Desc:

E 17—
m . A3 ——  Derpel

= % 18 -
S —— Rewvi:
e — Rewvi:
17 —— hddii

Figl.6
Before Synthesizing if you have more than one VHDL source files in the project, then select
your top design as Top Module, as shown in the figure 1.7.

esign

[

Sources for: |Implementation

Hierarchy

. test_Counter
Bl B xc3s1200e-5fg320

test_counter -

[Z] MNew Source...
=] Add Source...
££| Add Copy of Source...

Open

| B ||| i =

Manual Compile Order

|55 Set as Top Module

ma uide...
Always set your top New Partition
design as top module Delete Partition
before Synthesize Partition Force »
45| Remove

< v File Names

v Display Full Paths

Processes: test_counter - Behz

I Design Summary/F
3 Design Utilities
- \User Constraints | l¢| Source Properties...

DAY Gimtbhecive o ¥GT

Design Properties...

=

|55 5 &

[

i

Fig 1.7
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Go to the lower menu of the side bar you can see an option “Synthesize-XST”. Right click on
it and press Run in order to synthesize your code (as shown in figure 1.8).

=~ User Constraints
Create Timing Constraints
IO Pin Planning (PlanAhead) - Pre-Synthesis
/O Pin Planning (PlanAhead] - Post-Synthesis
|  Floorplan Area/T0/Logic (PlanAhead)
" Synthesize - XST,
Implement Desi %&: Run

%: Processes: test - Behavioral

Et Design Summary/Reports
% - Design Utilities

m

B Generate Progra ReRun
i Configure T
£3] el L Rerun All
Analyze Design
24 Stop
View Text Report

Force Process Up-to-Date
Open Without Updating

Design Goals & Strategies...

P i Bf Process Properties... b

Design Files Libraries

Figl.8

If the code is correct, there shouldn't be any problems during the synthesis, see figurel.9.

Processes: test - Behavioral
=B Design Summary/Reports
- Design Litilities
E- User Constraints
Create Timing Constraints
- [@] 170 Pin Planning (PlanAhead) - Pre-Synthesis
. [@] 10 Pin Planning (PlanAhead) - Post-Synthesis
. [@] Floorplan Area/10/Logic (PlanAhead)
Synthesize - X5T
Implement Design
Generate Programming File

88|88

T
- @ Configure Target Device

Analyze Design Using Chipscope

N 11 3 4
Design Files Libraries &
Console

Maximum combinational path delay: Ho path found

Process "Synthesis" completed successfully

Figl.9
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1.5 Implementation Constraints for NEXYS2 (FPGA Board)

For Implementation of your design to FPGA, you need to add the UCF (User Constraints
File) or to create a new UCF file in the project. The user constraints file includes pin
assignment for the NEXYS2 (Spartan-3E) device. Figure 1.10 shows how to add the UCF file
in your project.

Sources for: |Implementation

Hierarchy

! "Eﬂ test Counter
- £d xc3s1200e-5fg320

[I] Mew Source...
Add Source...

: (, Add Copy of Source...

Open
In order to select or
made User Manual Compile Order
Constraints File 0 oot b Mt
|UCF] THR €t as lop Module

you should add a SmartGuide...

source
Mew Partition

Delete Partition
Partition Force 2

&E| Remove

e [P

||'_|

v File Names
Processes: test_counter - | w Display Full Paths

T Design Summg
§ Design Utilities &3 Design Properties..
H- P

User Constrain [4] Source Properties...
Svnthesize - X5.

H

Fig 1.10

In order to add the source one should have the UCF file present in the system. To download
that file for particular board (in our case it's NEXYS2) go to
http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,400,789&Prod=NEXYS2 And
download the file with a name “Master UCF file for the Nexys2-1200" to a folder. And follow
the step mentioned in figure 1.10 and figure 1.11.

File name: Mexys2_1200General.ucf - [Sources(*.t:ct*.vhd*.vhdl*.v*.l VI

[ open |v] [ cancel |

Fig 1.11

After adding the UCF file to your project you need to edit the file according to your project
requirements. Figure 1.12 shows how to assign a corresponding pin to your Signal.
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Design “08 X &= HaE
[Ef | sources for: x| 3= 2 4
— 3 4 responding to ed pins
A erarchy, a # the used signals according to the p:
il @] test_Counter & 5
= a !t3$:3“‘3!'5'931“ & % 1s Led<7>.Led<4> are assigned to pins wl ge type from s3e500 to other dies using the same package
o4 = [\ test - Behavioral (test_counter.vhd) 7 % sions are provi s rile.
a [ Nexys2_1200General.ucf (C:/mazhus backup/Labo| « 8 # Keep ¥ the appropriate and remove or comment the other one
s 9
@ Al 10
0| 11 # clock pin ror Nexys 2 Boara
E 12 NET "clk" LOC = "B8"; # Bank = 0, Pin name = IP L13P 0/GCLKS, Type = GCLK, Sch name = GCLKO
= Step01 : Select the UCF file A 13
o % 14 Replace Prewritten
15 Step03: after step02 you Values to your
16 will see this window Signal Names as
17 shown in Blue circle
18
19
Step02: Click on Edit Constraints =
to see or edit the file = RHCLE/
23 53e500 only
24 53e500 only
| ' 25 s3e500 only
e it — 26
4 | Processes: Neys2 | i
Or |2 3 User Constraints 28
= B Edit Constraints (Text) 23
H 30

1.6 Generate the bit programming file:

After editing the UCF now your program is ready to take the last step which is Generate
Programming File. Generate Programming File process is to produce a bitstream (.BIT) file for
Xilinx device configuration (Shown in figure 1.13).

26 #NET
T | Processes: test - Behavioral 27 NET '
Sf| ~ X  Design Summary/Reports 28 NET '
= Ik Design Utilities 29 NET '
9‘: = g Uzer Constraints 30 NET "
= Create Timing Constraints 31
A 10 Pin Planning (PlanAhead) - Pre-Synthesis 3z
I/0 Pin Planning (PlanAhead) - Post-Synthesis 33
: | Floorplan Area/10/Logic (PlanAhead)
H- PAE) Synthesize - XST
- PAED Implement Design
B ¥ Generate Programming File
#- G Configure Target Device

&8 Analyze Design Using Chipscope

' T r ! L1
Design | Files Libraries pd Design

| Console

S5tarted : "Generate Programming File™.

Process "Generate Programming File™ completed successfully

Figl.13
The (*.BIT) files set switches in a programmable Xilinx FPGA chip to implement the
synthesized circuit (Establish gates and connect them) plus device specific information. The
binary data in the BIT file can then be downloaded into the FPGA’s memory cells.
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1.7 Downloading (*.BIT) file to FPGA board (i.e. NEXYS2):

Finally it's time to download the code to FPGA board, in our case its NEXYS2 board
equipped with Spartan-3E FPGA (Figure 1.14)

oooo

DoOo

DIGILENT

BEYORD THEOMY

Fig 1.14

* Connect your NEXYS2 Board with Computer via USB cable and load the software

from Startmenu>>Programs>> Digilent>>Adept(see figure 1.15)

Digilent

Docklight V1.9

EAGLE Layout Editor 5100
e-kort

eyeBeam

Flip 3241

Games

41 Back

| |Search programs and files

Favorites

Recent Items

Min dator -
ID20648905

Control Panel
Devices and Printers

Help and Support
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® Select the *.BIT file from your Project Folder and Click on Program as shown in figure
1.16 and figure 1.17.

NEXYS 2 I Connect: [Dnboard UsB

Product: Mexys2 - 1200

Config |Test | Register 10 | File I/ [ 1/0 Ex | Settings |

><EF3|;|132%5 st | ~] [Browse...] [ Program

[ v [Bomsen] [ oo

Board information loaded.

Found device ID: f5046093

Found device ID: 2122093

Initialization Complete.
Device 1: XC351200E
Device 2: XCFO45

%, Digilent Adept

NEXYS E " Connect: [Dnboard usB

Product: Mexys2 - 1200

Config |Test | Register 170 | File If0 | 170 Ex | Settings|

[UESt-bit V] [Bruwse”.] Program
[ v)  [Bowsen] [ rroam |

Board information loaded.

Found device ID: 5046093

Found device ID: 21c22033

Initialization Complete,
Device 1: XC351200E
Device 2: XCF045

Fig1.17

The End
&
GOODLUCK
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