Kreiranje Verilog projekta u Xilinx ISE za Digilent Basys 2
FPGA ploc¢u

Xilinx ISE 14.7 je poslednja verzija softvera koja podrazava Spartan 3 1 Spartan 6 ¢ipove i moZze se besplatno
preuzeti sa linka:
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/design-tools.html

U nastavku su opisani postupci kreiranja novog projekta.

File -> New project

Create New Project

Spedfy project location and type.

Enter a name, locations, and comment for the project

Name: Test |
Location: |D:".Test‘n | E]
Working Directory: |D=".TES’E1'| | E]
Description:

Select the type of topevel source for the project

Topevel source type:

Slika 1 Prozor za izbor naziva i direktorijuma projekta

U polju Name zadaje se ime projekta. U polju Location navodi se direktorijum u kojem ¢e projekat biti
sacuvan. U polju Top-level source type biramo HDL ako koristimo programski jezik Verilog ili VHDL.

Da bi uopste bilo moguce programirati FPGA moramo znati tacan tip i kuciste Cipa. U slucaju Basys 2 ploce
radi se o Spartan 3E familiji, XC3S250E FPGA ¢ipu u CP132 ku¢istu (slika 2).



Project Settings

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

Property Mame

Evaluation Development Board
Product Category

Farmiby

Device

Package

Speed

Top-Level Source Type

Synthesis Tool

Sirmulator

Preferred Language

Property Specification in Project File

Manual Compile Order
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Slika 2 Postavke FPGA c¢ipa
Nakon podesavanja parametara, kliknuti na dugme Next i zatim na dugme Finish. Ukoliko su parametri tacno
uneseni u gornjem levom uglu ¢e se pojaviti naziv projekta i korisS¢eni FPGA ¢ip kao na slici 3.
2 15 Projct Novigator (P20131013)- ATestTe

File Edit View Project Source Process

OFEHFP| | EDDEX|0 o
| Design aa=N-2d
[ | View: Implementation ) @ Simulation
E.E_l Hierarchy it

al 9
—— = £ xc3s250e-4cpl32 =
=
B Empty View
% The view currently contains no files.
‘You can add files to the project
e using the toolbar at left, commands
from the Project menu, and by
— using the Design, Files, and
m Libraries panels.
Lse; i
» | 2 Mo Processes Running

Slika 3 X_ilinx ISE sa podeSenim parametrima projekta



Dodavanje verilog modula i ucf fajla u projekat

Desni klik na naziv projekta -> New source (slika 4).

& I5E Project Navigator (P.20131013) - DATest\Test.xise
File Edit View Project Source Process Tools Window

DAEFIL ¥DD X0 o]

|Design 0 & x|
[ | View: @ Implementation () E Simulation
(5] | Hierarchy ‘o
o
i Empty| (=] Add Source...
[{=] Add C of S
E The view currently it ouree
g You can add files tg .
using the toolbar 3 Manual Compile Order
from the Project mi
f— using the Design, F @ Implement Top Module
| Libraries panels.
File/Path Display v
L!E.el
) Expand All
2 Mo Processes Running Collapse Al
Mo single design medule i
{4} Find... Ctrl+F

B3 Design Utilities
P2 Updateall % Design Properti
9 8)  CompileH esign Properties...

b Regenerate All Cores
Check All Core Versions

Slika 4
U prozoru izabrati Verilog module i upisati ime pod kojim ¢e biti sacuvan fajl (slika 5).

H [ H| v

S

Mew Source Wizard

Select Source Type

Select source type, file name and its location,

IP (CORE Generator & Architecture Wizard)
Schematic

Uzer Document

Verilog Module

Werilog Test Fixture

YHDL Module File name:
WVHDL Library '
VHDL Package test
WHDL Test Bench
Embedded Processor

Location:

|D:‘I,Test | E]

Add to project

Slika 5



Klikom na dugme Next dobijamo prozor u kome podeSavamo naziv modula, ulazne i izlazne portove. Na slici
6 je naveden primer gde modul ima ime test, jedan ulazni port pod imenom taster i jedan izlazni port pod

imenom led.

Define Module

Specify ports for module.

Module name |test

Paort Mame Direction Bus M5B LSB ‘o
taster "
led outeut [
inpit [*| [
input hd

input hd =
input hd
input hd
input hd
input hd
input hd

input ~ -

[ rext ][ cone
- ]
Slika 6

Nakon unosenja podataka kliknuti na dugme Next, a zatim na dugme Finish. Na slici 7 je prikazan generisan

verilog modul.

& I5E Project Navigator (P.20131013) - Di\Test\Testxise - [testv]

Process  Tools

Window Layout Help
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[Z) File Edit View Project Source
DAES I ke X|[0a] »
Design «+0O5 x
| |
EI View: @) Implemenmﬁon ® @Simulaﬁon
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& B Test
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&
P
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P2 Mo Processes Running

Processes: test

| »

Design Summary/Reparts

Design Utilities
Create Schematic Symbaol
View Command Line Log ..
View HDL Instantiation Te..,

User Constraints

Synthesize - X5T

Implement Design

Generate Programming File

m

H|5 88| v

Configure Target Device

e

& Tl | 1]
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1 |‘tirr.escale ins / 1ps
2 SIS EE TR T i T i iiiiiriiririrs,
3 // Company:
4 // Engineer:
5 ff
6 f/ Create Date: 19:24:48 04/14/2019
7 // Design Name:
g8 // Module Name: test
g // Project MName:
10 // Target Devices:
11 // Tool wversions:
12 // Description:
13 //
14 // Dependencies:
15 //
16 // Revision:
17 // Rewvision 0.01 - File Created
18 // Additional Comments:
18 /f
W SIS PSSP T AT i i iriidy
21 module test|(
22 input taster,
23 output led
24 Vi
25
26
27 endmodule
28
Slika 7



Modul se definise navodenjem komande module nakon koje sledi otvorena zagrada, navodenje ulaznih i
izlaznih portova, gde se navodenje portova zavr$ava zatvorenom zagradom nakon koje sledi tacka zarez
(primetiti da nakon poslednjeg navedenog porta, pre zatvaranja zagrade ne dolazi zarez). Nakon ovoga sledi
pisanje sadrzaja verilog modula koji se zavrSava sa komandnom re¢i endmodule.

U cilju demonstracije programiranja FPGA ¢ipa u verilog modul ¢ée biti dodata komanda assign sa kojom ¢e
se povezati promenljiva taster sa promenljivom led (slika 8). Prilikom programiranja FPGA prekida¢ SWO0 na
Basys 2 ploci treba da upravlja sa stanjem LDO led diode.

module test |
input wire taster,
output wire led

):
as=zign led = taster:

endmodule

Slika 8

Potrebno je primetiti da samo ispravno unesene komande poprimaju plavu boju teksta.

Da bi projekat mogao da se kompajlira potrebno je povezati promenljive taster i led sa FPGA pinovima na
Basys 2 ploci. Ovo se radi preko ucf fajla.

Desni klik na naziv projekta -> New source (slika 4).

Izabrati opciju Implementation constrait file i zadati ime ucf fajlu (slika 9).

. —

& MNew Source Wizard

Select Source Type

Select source type, file name and its location.
EMM File

&2 ChipScope Definition and Connection File
EJ Implementation Constraints File

IP (CORE Generator & Architecture Wizard)
MEM File

Schematic

User Document

Yerilog Module Basys2|
Werilog Test Fixture
YHOL Meodule
YHOL Library D:'Test E]
YHDL Package

sl WHDL Test Bench

2 Embedded Processor

File name:

Location:

Add to project

Mext ] ’ Cancel

Slika 9




Kliknuti na dugme Next, a zatim na dugme Finish. U otvorenom ucf fajlu upisati komande prema slici 10.

& ISE Project Navigator (P.20131013) - D\ Test\Test.xise - [Basys2.ucf*]
File Edit View Project Source Process Tools Window  Layout Help

02 HP| sbbxwae| i rpRARIAIRED
Design +08 X 4 1 NET "taster" LOC = "P11";
[0 | View: i@ ﬁi}ImplemenEﬁun-:- E® Simulation 5 2 HNHET "led" LOC = "M5" ;
5| | Hierarchy -
& =] Test -
— | B B wc3s250e-4cpl3z
iy B[] test (testy)
E B Basys2.ucf o
Slika 10
Kliknuti na test.v kao naslici 11.

Design +008 % &

Ei View: @ Eﬂ}lmplemenmﬁnn () F4E simulation =

(5] | Hierarchy =

& =] Test -

— | B B wc3s5250e-4cpl32

i = ﬁﬁﬂ test (test.v)

E E Basys2.ucf o

A

P “

- A

P | P) Mo Processes Running P

'?5]: Processes: test

EE]: = Design Summary,/Reports

Design Utilities

I?t lser Constraints

— P2 Synthesize - X5T

?2)  Implement Design

?J)  Generate Programming File
Configure Target Device
8 Analyze Design Using ChipScope

Slika 11

Na slici 11 su uokvirena tri procesa koja se moraju kompletirati kako bi se mogao programirati FPGA ¢ip.
Proces Synthesize pretvara verilog fajlove u netlistu koja je prilagodena izabranom tipu FPGA ¢ipa. Proces
Implement Design konvertuje dobijenu logi¢ku netlistu u fizicki format koji se moze ucitati u izabrani FPGA
¢ip. Proces Generate Programing File dobijeni fizic¢ki format cuva kao .bit fajl koji se moze uprogramirati
FPGA ¢ip koris¢enjem JTAG programatora. Proces Generate Programming File u .bit fajl upisuje i podatke o
izvoru Klok signala pri programiranju FPGA c¢ipa (slika 12).

Desni klik na Generate Programming File -> Process Properties.



Er? Process Properties - Startup Options ﬁ

SIEIT Switch Mame Property Mame Value

- General Options ~g StartUpClk: | FPGA Start-Up Clock CCLK ~

i Configuration Options

Startup Options -g DonePipe: | Enable Internal Done Pipe ECLKCI )

" Readback Options -g DOME_cycle: | Done (Output Events) e
g cy P
-g GT5_cycler | Enable Qutputs (Output Events) Default (5]
-g GWE_cycle: | Release Write Enable (Qutput Events) | Default (6) |Z|
-g LCK_cycler  Wait for DLL Lock (Qutput Events) Default (MoWait) |E|
-g DriveDone: | Drive Done Pin High [

Property display level: |Standard |E| Display switch names Default

e

Slika 12

Kliknuti na opciju Startup Options sa desne strane prozora i na desnoj strani u prvom redu iz padajué¢eg menija
izabrati opciju prema:

ako se FPGA ¢ip programira preko JTAG programatora izabrati JTAG Clock,

ako se FPGA ¢ip programira kori$¢enjem eksternog oscilatora izabrati User Clock,

ako se FPGA cip programira preko spi linije koris¢enjem spoljne memorije izabrati CCLK.

Nakon podesavanja izvora klok signala izvrs$iti dvoklik na stavku Generate Programming File da bi se zapoceo
proces kompajliranja bit fajla. Ukoliko se proces kompajliranja zavrsi bez greSke pored svake stavke postojace
zeleni krug sa kvacicom kao na slici 13.

Processes: test

Design Surmmary/Reports
Design Utilities
User Constraints

) Synthesize - X5T

) Implernent Design

. Generate Programming File

£ Vg Configure Target Device
= Analyze Design Using ChipScope

Slika 13



Programiranje Basys 2 ploCe koriS¢enjem programa Impact

Basys 2 ploc¢a ima ugraden usb JTAG programator. Potrebno je spojiti plo¢u sa PC raCunarom 1 pokrenuti
Impact. Pri kreiranju novog projekta u Impact-u potrebno je izabrati opiju za JTAG programator (slika 14).

Flease select an action from the list below

@ Configure devices using Boundary-Scan (TTAG)

Automatically connect to & cable and identify Boundary-5can chain |E|
I Prepare @ PROM File

I Prepare a System ACE File

I Prepare a Boundary-5can File

SVF

Slika 14

Nakon uspesnog povezivanja sa plocom pojavice se prikaz identifikovanih FPGA ¢ipova i memorija (slika

15). U ovom primeru XC3S250E je FPGA ¢ip, a XCFO02S je flash memorija u koju se moZe smestiti program
za programiranje FPGA ¢ipa.

iMPACT Flows

23 Boundary Scan
=] SystemaACE || Re-i--

E Create PROM File (PROM File Format... E
=] WebTalk Data TOI E XL

IMPACT Processes

+08 x

0 & x ntify Succeeded
Available Operations are: xeis2s0e xeflzs
= Get Device ID bypass pypass
=) Get Device Signature/Usercode oo
=P Read Device Status Tf&

Boundary Scan |

Slika 15

Izvrsiti dvoklik na FPGA ¢ip, nakon ¢ega ¢e se otvoriti prozor u kojem treba izabrati kompajlirani .bit fajl.
Nakon toga desni klik na FPGA ¢ip i izabrati opciju Program.



Programiranje Basys 2 ploCe koriS¢enjem programa Adept

Basys 2 ploca ima ugraden usb JTAG programator za koji je kompanija Digilent razvila poseban program
pod nazivom Adept 2 (slika 16). Program se moze besplatno skinuti sa linka:
https://reference.digilentinc.com/reference/software/adept/start? ga=2.56765037.632182999.1555276609-
998963330.1555276609

' —
& Digilent Adept - - -t

BASYS 2] S T b —
Product: Basys2 - 250
Config | Test |Register lfO | File /O | IfO Ex | Settings

3 4
FPGA
%35 250E [ v] |(Bromse... ||| Frogram

23%;‘5 [ - ] Browse... Program

Initialize Chain ] 2

Initizlizing Scan Chain. .. -
Found device ID: 5045033
Found device ID: 11c1a093
Initialization Complete.
Device 1: XC35250E e
Device 2: XCF025 L

Slika 16

Koraci za programiranje FPGA Ccipa:

1) iz padajuceg menija izabrati Basys 2 ploc¢u

2) kliknuti na Initialize Chain

3) kliknuti na dugme Browse i izabrati kompajlirani bit fajl
kliknuti na dugme Program


https://reference.digilentinc.com/reference/software/adept/start?_ga=2.56765037.632182999.1555276609-998963330.1555276609
https://reference.digilentinc.com/reference/software/adept/start?_ga=2.56765037.632182999.1555276609-998963330.1555276609

