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1. APARATURA
Na raspolaganju su sljedec¢i uredaji i oprema:

* SPARTAN 3E Starter Kit razvojna platforma,

* racunar,

* napajanje,

e USB kabal,

* Xilinx ISE Design Suite v.14.7 razvojno okruZenje.

@j:_"::mu-r ] AED21
TEXAS 0513 94V-0
INSTRUMENTS@

Slika 1.1: Izgled SPARTAN 3E Starter Kit razvojne platforme
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2. TEORIJSKA OSNOVA LABORATORIJSKE VJEZBE

Brojaci su sekvencijalna digitalna kola, bazirana na flip-flopovima kao memorijskim
elementima. Mogu se smatrati specijalnim tipom registra koji ima ugradenu logiku za
inkrementiranje odnosno dekrementiranje. Dovodenjem odgovarajuc¢ih kontrolnih signala na
ulaze, brojacu se omogucava prolaz kroz unaprijed definisanu sekvencu stanja. Ulazni signali
koji pobuduju prelaz u naredno stanje mogu biti periodi¢ni impulsi (takt) ili impulsi koji se
javljaju u proizvoljnim vremenskim trenucima. Sekvenca stanja kroz koja se broja¢ kre¢e moze
da slijedi prirodnu brojnu sekvencu, ili bilo koju drugu brojnu sekvencu. Broja¢ koji slijedi
prirodnu brojnu sekvencu i sastoji se od N flip-flopova, moZe da broji od 0 do 2"-1.

Brojaci koji imaju moguc¢nost prolaska kroz dvije razliCite sekvence brojanja nazivaju se
dvosmjerni (Up and Down) brojaci. Ukoliko se radi o prirodnoj sekvenci brojanja moze se reci
da se broji naviSe, odnosno nanize (slika 2.1). Izbor sekvence brojanja vr$i se kontrolnim
signalom. Brojac koji broji naviSe, kada dostigne najvisu vrijednost nastavlja da broji od najnize.
Na primjer, kod Cetvorobitnog brojaca ¢e nakon broja 15 nastaviti sa brojem 0. Broja¢ koji broji
nanize, kada dostigne najnizu vrijednost nastavlja da broji od najviSe. Na primjer, kod
cetvorobitnog brojaca ¢e nakon broja 0 nastaviti sa brojem 15.

0 «-—- 1 - 2 - 3 -1 4
W]
4 | T
+ [
15 5
& : T
v L v
1% 6
Iy : ?
¥ LY
13 7
T f
¥ Ly
- — > - — - ——» - — >
12 |, 1" 1. 10 | S | 8
smjer + ———— smjer-

Slika 2.1: Cetvorobitni dvosmjerni broja¢ sa prirodnom sekvencom brojanja
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2.1 Verilog kod za realizaciju binarnog brojaca
module brojac(diode, smjer, takt, reset);

output reg [3:0] diode;

input smjer, takt, reset;

reg [25:0] stanje;

always @(posedge takt or negedge reset)

begin
if(reset == 1'b0) begin
stanje <= 26'b0;
diode <= 4'b0;
end
else begin
stanje <= stanje + 26'b1;
if(stanje == 26'h2FAF080) begin // ovo je 50.000.000 u hex zapisu
stanje <= 26'b0;
if(smjer) diode <= diode + 1'b1;
else diode <= diode - 1'b1;
end
end
end
endmodule
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Realizacija binarnog brojaca

3. ZADACI LABORATORIJSKE VJEZBE

Kreiranje dizajna

Pokrenuti ISE Project Navigator 1 napraviti novi projekat.

1.

Start—Programs—Xilinx Design Tools— ISE Design Suite 14.7—ISE Design Tools —
Project Navigator

U dobijenom prozoru treba izabrati File—New Project. Otvori¢e se New Project Wizard

(slika 3.1).

7

4 Mew Project Wizard

==

Create New Project
Spedify project location and type.
Enter a name, locations, and comment for the project
MName: -bl_'ojac
Location: | Cr\Jsers\Mico\Documents % \LABS \brojac

Working Directory: | CtWsers\Mico\Documents i 'LI.ABS'Lerjac

a3

Description:

Select the type of topJevel source for the project

Top-level source type:
\HOL

Maore Info

Mext

) )

Slika 3.1: Prozor New Project Wizard

Dati ime novom projektu (npr. brojac), a zatim odrediti mjesto na hard disku gdje Zelite da
vas projekat 1 njegovi prateci fajlovi budu sacuvani (...)=Browse.

<Next>

Pojavice se

prozor prikazan na slici 3.2.
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- e —— 3 5% E
— —

'@‘ New Project Wizard — W

Project Settings

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

Property Mame Value 2
Ewvaluation Development Board 1iSpar‘can-BE Starter Board |Z| |
Product Category . L
Family |
Device |
Package |
Speed -4 I
Top-Level Source Type HDL i
Synthesis Tool | X5T (VHDL/ Verilog) |Z|
Simulator ISim (VHDL/Verilog) =l
Preferred Language Verilog |Z|
Property Specification in Project File | Store all values E| i
Manual Compile Order ||

VHDL Source Analysis Standard [VHDL-03 =]
Enahle beccane Filterinn [ s

More Info | Mext ] I Cancel

Slika 3.2: Prozor Device Properties
Pojavice se dijalog za odabir uredaja i toka dizajna i treba odabrati slede¢a podeSavanja:

Device Family: Spartan3E

Device: xc3s500E

Package: fg320

Speed Grade: —4

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

Napomena: MozZe se pod Evaluation Development Board izabrati Spartan-3E Starter
Board i tada bi se automatski podesile opcije za FPGA C¢ip.

4. <Next>, pa <Finish>
5. Izabrati Project—New Source.

Pojavice se sledeci prozor (New Source Wizard - slika 3.3) u kome treba izabrati opciju
Verilog Module, dati ime fajlu (npr. brojac) i pritisnuti <Next>.
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Select Source Type

Select source type, file name and its location,

[ BMM File

E* ChipScope Definition and Connection File
[t Implemnentation Constraints File

S 1P (CORE Generator & Architecture Wizard)

[&] MEM File
| Schematic e
User Document = i
lv] Verilog Module Ibrojac
W] Verilog Test Fixture .
Location:

g VHDL Module
I VHDL Library !C:Wsers‘{dimﬂ]omments\,x‘d_ﬁ.ﬂs\hojac | Q
[¢] VHDL Package

%l VHDL Test Bench

@ Ermbedded Processor

[7] Add to project

Morelnfo | et || concel

Slika 3.3: Prozor New Source Wizard

6. U slede¢em prozoru unijeti nazive portova i njihove smjerove, kako je to prikazano na slici
3.4 i izabrati <Next> i <Finish>. Na pitanje da li Zelite da kreirate folder odgovoriti sa
<Yes>.

Define Module

Specify ports for module.
Module name |bmjac |
|
Port Mame Direction Bus M5B LSB
.di.c_uie output - |3 0
smijer input =@ | |
takt input [ E_|
reset input =|[F] |
oo alE |
input = |
input [ |i|_|
input =[] |
" G
input ) .
input b |i|_| -
Morelnfo | et || concel
L §

Slika 3.4: Unos portova
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7. Dobijeni okvir za kreiranje modula dopuniti funkcionalno$¢u modula saglasno kodu
prikazanom u poglavlju 2.1.

8. Snimiti izmjene u fajlu: File—Save
Implementacija

1. Prvi korak je pridruZivanje odgovarajucih pinova FPGA ¢ipa signalima unutar naseg dizajna.
Ulazne signale smjer i reset cemo povezati na prekidace koji se nalaze na Spartan 3E Starter
Kit razvojnoj platformi, a izlazne signale diode na LED (slika 3.5). U tu svrhu moZemo
koristiti program PlanAhead, kao §to je to prikazano u laboratorijskoj vjezbi ,,Architecture
Wizard i PACE Lab (PlanAhead)*. Medutim, ovdje ¢emo isti zadatak obaviti na drugaciji
nacin.

smjer reset
Slika 3.5: Polozaj prekidaca i LED koji se koriste u ovoj vjezbi

2. U Design View prozoru selektovati opciju Implementation, a u Design Hierarchy prozoru
selektovati brojac.

3. lIzabrati Project— New Source, u novom prozoru selektovati Implementation Constraints
File i dati mu ime (npr. constraints) (slika 3.6). Potom izabrati <Next>, <Finish>

4. U upravo kreirani fajl, uz pomo¢ dokumenta Spartan-3E Starter Kit Board User Guide,
unijeti kod kojim definiSemo povezivanje signala unutar dizajna sa pinovima FPGA c¢ipa:

NET "takt" LOC = "C9" | IOSTANDARD = LVCMOS33;
NET "takt" PERIOD = 20.0ns HIGH 40%;

NET "diode<0>" LOC = "F12" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8§ ;
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NET "diode<1>" LOC = "E12" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE =8 ;
NET "diode<2>" LOC = "E11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE =8 ;
NET "diode<3>" LOC = "F11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE =8 ;

NET "reset" LOC = "L13" | IOSTANDARD = LVTTL | PULLUP ;
NET "smjer" LOC = "L14" | IOSTANDARD = LVTTL | PULLUP ;

Snimiti unijete izmjene u constraint fajl: File— Save

U Processes prozoru dva puta kliknuti na Generate Programming File (pri ¢emu su i dalje
selektovane stavke iz koraka 2) 1 saCekati da se proces zavrsi.

Ukljuciti Spartan-3E Starter Board razvojnu platformu i povezati je sa raCunarom pomocu
USB kabla.

S
i ' eI
Fa New Source ;— . & . : -

-

Select Source Type

Select source type, file name and its location,
BMM File

&= ChipScope Definition and Connection File
] Implernentation Constraints File

J 1P (CORE Generator & Architecture Wizard)
MEM File

|©+] Schematic

=] User Document

Verilog Medule | constraints|
Verilog Test Fixture ]
g VHDL Module ] - - )
rrl VHDL Library | Ci\Users\Mico\Documents \\LABS \brojac E
[P VHDL Package ] ] ] ]
VHDL Test Bench

¢ Embedded Processor

File name:

Location:

[@] add to project

o)==

Slika 3.6: Kreiranje costraints fajla

Generisanje Flash PROM fajla

1.

U Processes prozoru rasiriti Configure Target Device i dva puta kliknuti na Generate
Target PROM/ACE File.

Kada se pokrene program iMPACT u prozoru iMPACT Flows dva puta kliknuti na Create
PROM File. Pojavi¢e se PROM File Formatter prikazan na slici 3.7. U prozoru Storage
Device Type (Step 1) izabrati Xilinx Flash/PROM i pritisnuti zelenu strelicu desno od
prozora. Aktivirace se prozor Step 2 u kome treba izabrati PROM Family: Platform Flash i
Device(bits): xcf04s [4M] (ovo je Flash memorija koja se nalazi na platformi). Nakon toga
pritisnuti dugme Add Storage Device. Oznaciti dodati uredaj (xcf0O4s) i pritisnuti zelenu
strelicu koja se nalazi desno od prozora Step 2. Time je aktiviran prozor Step 3 u kome treba
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dati ime izlaznom fajlu (npr. brejac). Vazno je provjeriti da pod File Format stoji MCS.
Konacan izgled PROM File Formatter-a prikazan na slici 3.8. Izabrati <OK> i <OK>.

15 PROM File Farma
Step 1. Select Storage Target Step 2. Add Storage Device(s) Step 3. Enter Data
i . al Fi =tail Y
Sporage Device Type ; Target FPGA General File Detail yalue
Checksum Fill =
= Non-Volatile FPGA Storage Device (hits): iglue
-~ Spartan3AN — . outpct Hie Name: [
() SPIFlash | Add Storage Devics | |Remaove Storage Devic Uitput Hie Name [HE
i Configure Single FPGA 2 = = Output File I
. Configure MultiBoat FPGA i beation Wmv)oummsmws\bm}ac\j [
£l BPI Flash . ==
| i Configure Single FPGA
- Configure MultiBoot FPGA —— Flash/PROM Fie Property Value el
. - Configure from Paralleled PROMs @ 2 File Format o I
“ Generic Parallel PROM b v
Use Power-of-2 for Start Addr Mo
Number of Sitstream 2
Bitstream 0 Start Address a
Bitstream 1 Start Address 675840
Add Non-Configuration Data Fies |Yes
Number of Data File
[C] Auto Select PROM =
1| (3
Description:
The PROM File Formatter will guide vou through the steps to format bitstream BIT files into @ PROM file that is compatible with Xilinx® and third-party PROM programmers. The ke
programmed PROM device can then be used to configure the target FPGA, |
Additional capabilities of the PROM File Formatter include:
ats tina DDAM Slae ininn_rnacific EOEA canfauration inetricisne ramuirad tn cunnert daiou.chainad EBEA hi BIT filax =
oK Gneel | [ tel

Slika 3.7: PROM File Formatter

Step 1. Select Storage Target Step 2. Add Storage Device(s) Step 3. Enter Data |
S.horage Device Type : PROM Family T General File Detail Value
- Xilinx Flash/PROM et z Checksurn Fill =
[l Non-Volatile FPGA Device (bits) |xcfods [4M] B Value
----- Spartan3AN = 7 R
£l 5PIFlash [ Add Storage Device ] ’Ramcve Storage Devjae] Output File Name | brojac
Configure Single FPGA = 'Ouiput File L\‘I N
- Configure MultiBoot FPGA xcf0ds M Vot | icoiDocuments L ABS brojac
£ BPIFlash
| i Configure Single FPGA
Configure MultiBoot FPGA Flash/PROM File Property Value
: Configure from Paralleled PROMs @ E Pl Formak [MCS 3
*- Generic Parallel PROM —_—
Add Mon-Configuration Data Files INo 3
] Auto Select PROM

Description:

In this step, you will enter information to assist in setting up and generating a PROM file for the targeted storage device and mode.

[l »

» Checksum Fill Value: When data is insufficient to fill the entire memory of a PROM, the value spedified here is used to calculate the checksum of the unused portions.
» Qutput File Name: This allows you to spedify the base name of the file to which your PROM data will be written
» Qutput File Location: This alows you to specify the directory in which the file named above will be created

a Eila DDA filae ran ha tad in mme nurebae of indietrs {zrd fremate D i

. Hhe DO OB fila Frrmat smor DOOM

Liae e mubnod s MOS

Lo [ cona J[ rep

Slika 3.8: PROM File Formatter sa podeSenim opcijama

10
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3. Pojavice se prozor za izbor .bit fajla u kome se nalazi Zeljeni dizajn (slika 3.9). Izabrati fajl
brojac.bit i <Open>.

'@ Add Device S5
OO Y | 32 J}rDDcume-nts .P X P_ L;és b brojac » - | &,| Search brgjac ol
4 T —
Organize « Mew folder g== = [ @
A Favories MName . Date modified Type
o Desktop _ngo 2642018 15:54 File folder
& Downloads _xmsgs 264.201815:54 File falder
%% Dropbox A | brojac_xdb 14.3.201812:32 File folder
1| Recent Places = L. iseconfig 1432018 12:35 File folder
£ Google Drive xlnx_auto_0_xdb 26.4.2018 1554 File folder
@@ Onelrive xst 14.3.2018 12:01 File folder
2 _|_. brojac.bit 264.2018 15;54 BIT File
- Libraries
Il [ Documents
o Music
& Pictures
B Videos
Sl m | 3
File name: brojac.bit ~ | FPGA Bit Files ("bit) -
[ Open 17] | Cancel J

Slika 3.9: Izbor fajla sa dizajnom

4. Na pitanje ,,Would you like to add another device file to Revision: 0 odgovoriti sa <No>
i potom pritisnuti <KOK>. Izgled ekrana prikazan je na slici 3.10.

{8 ISE IMPACT (P.20131013) - [PROM File Formatter: Xilin Flash/PROM] = -
[ Fle Edit View Operations Output Debug Window Help NEE
O2E By =0 MR
| MPACT Flows “08 x| -
- 23 Boundary Scan 0x0000_0000
- [2) SystemACE -
- [B] Create PROM File (PROM File Formatter)
il [£] WebTalk Data :
= xcf0ds
brojac.bit xc3s500e
brojac bit
2|z =
— 2z
IMPACT Processes 08 x = g
MEACE G B 2§
Available Operations are: =
= Generate File. =2
0%0007_FFFF 1
=73 PROM File Formatter: Xiinx Flash/PROM
Console
I INFO:iMPACT:501 — '1': Added Device xc3s500e successfully. =
2dd one device.454b9 =
e m J 3
2] console ‘0 Errors |_;_\ Warrings

|PROM File Generation | Target Xilinx PROM 2,270,208 Bits used |File: brojac in Location: C:\Users\Mico\Documents\XALABS\brojac'/ M

Slika 3.10: PROM File Formatter nakon izbora fajla sa dizajnom

11
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5.

10.

11.

U prozoru iMPACT Processes dva puta kliknuti na Generate File. Proces se zavrSava sa
porukom Generate Succeeded.

Povezati Spartan-3E platformu USB kablom sa ra¢unarom, a zatim platformu ukljuciti.

Dva puta kliknuti na Boundary Scan u iMPACT Flows prozoru. Nakon toga se desnim
tasterom miSa klikne na praznu bijelu povrSinu na kojoj pise ,,Right click to Add Device or
Initialize JTAG chain® i izabere se opcija Initialize Chain. Na pitanje ,,Do you want to
continue and assign configuration file(s)*“ odgovoriti sa <YES>.

Kada se pojavi dijalog Assign New Configuration File, za xc¢3s500e (prvi uredaj u JTAG
‘lancu’) se klikne <Bypass>.

Za drugi uredaj (xcf04s) se izabere fajl brojac.mcs, a za tre¢i uredaj se klikne <Bypass>.

Kada se pojavi prozor Device Programming Properties selektovati Device 2 (PROM
xcf04s), aktivirati opcije Verify, Erase The Entire Device i Load FPGA (slika 3.11) i
pritisnuti KOK>.

r ~
'3 Device Programming Properties - Device 2 Programming Properties ﬁ
Category
[+ Boundary-5can

- Devicel ( FPGA xc3s500e ) Property Mame Value

- Device 2 { PROM xcf(d= ) Verify @

" Device 3 ( CPLD2 xc2chda ) General CPLD And PROM Properties -
Erase The Entire Device ]

Read Protect =

PROM/CoelRunner-Il Usercode (8 Hex Digits) I:I

Load FPGA &

[ OK I | Cancel | | Apply | | Help

Slika 3.11: PROM File Formatter nakon izbora fajla sa dizajnom

Izgled radnog prozora prikazan je na slici 3.12.

TSFLJBET
L__?__a
P el P el
- : - ]
TOI :. E X E E ExIumee E
xc3s500e xcflds »c2ohda
bypass brojac.mes bypass
TDO

Slika 3.12. JTAG lanac sa dodijeljenim konfiguracionim fajlom

12
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12. Kliknuti desnim klikom na ikonicu ¢ipa xcf04s koji je oznacen zelenom bojom (ako nije
oznacen prvo ga selektovati lijevim tasterom miSa) u radnom prozoru i odabrati Program.

13. Promjenom poloZaja prekidaca mijenjati smjer brojanja i resetovati brojac, a promjene pratiti
na LE diodama.

Napomena: da bi se FPGA ispravno konfigurisao potrebno je podesiti konfiguracioni mod,
odnosno izabrati odakle FPGA preuzima konfiguraciju. Uputstvo za podeSavanje
konfiguracionog moda se nalazi u fajlu ,,Spartan-3E Starter Kit Board User Guide®, stranice
25 do 27.

13
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4. ZAKLJUCAK
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