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Projekovanje pomocCu racunara
laboratorijska vezba 7

« Kreirati strukturni VHDL opis dvocifarskog BCD brojaca sa
SSD izlazom, (SSD izlaz — izlaz za pobudu sedmosegmentnih

displeja).

BCDZ_SsD

T-seq. displej

dozvola rada (brojanja)
signal sinhronog resetovanja

takt

cifra jedinica u SSD kodu
cifra desetica u SSD kodu




Organizacija projekta

* Projekat je hijerarhijski organizovan | sadrzi 4 datoteke:
« BCD2ssd.vhd
BCD_SSD.vhd
BCD_count.vhd
BCD_to_SSD.vhd

ECDZiI:l.'u’hd BCD_SSDwhd
fﬁ —

____________ r:’:r:; ssd_1

BCD count
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|zbor integrisanog kola

- New Project Wizard

o - -
'.j_—)“m_]-ect Settings
Specify device and project properties,

Select the device and design flow for the project

Biramo konkretno .
kolo za koje Ce bhiti R Value

. . Evaluation Development Board Mone Specified
realizovan projekat! Product Category Al

Spartan3E
XC35100E
CP132

-5

Top-Level Source Type

Synthesiz Tool ¥5T (WHDL/ Verilog)

Ostalo ostaviti Simulator |Sim (VHDL/Verilog)
: Preferred Lanquage YHDL

kakO JeSte Property Specification in Project File | 5tore all values

Manual Compile Order ]

YHOL Source Analysis Standard YHDL-93

Enable Message Filtering ]

More Info < Back Cancel
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BMCORA TEXHVMEA QIEONA CT

Kreiranje paketa

ISE Proj

F
File Edit View Project Source Process Tools Window  Layout Help

D.arl__lﬂ| do U 1 S| )y

>

-

"
y_r

3~ (S | [ A

Design

08 x |

view: (@ J8F Implementation () f simulation

Hierarchy

xc3s100e-5-=133
Bl Mew Source...

A= Add Source...

E: ;’;Ei‘g_ Ei‘lil Add Copy of Source...

Desnl k“k na Design, F Manual Compile Order

kolo, pa New Use:

Implement Top Module

Source o

A File/Path Display

Expand All

Mo P
€2 NoProcesses| - lapse Al

to the project using
and by using the

QOO |& & & »|I°

Me single design

G-%F  Desigr ) R

Ctrl+F

Design Properties...

5229 59|

PYNOBSMECTIOAMN v Hay




Kreiranje paketa

- MNew Source Wizard

—_
',j_-}elect Source Type
Select source type, file name and its location.

. |P (CORE Generator & Architecture Wizard)
Schematic
Uszer Document
Verileg Module
Verilog Test Fixture
VHOL Module

. VHDL Library
Biramo VHDL VHDL Package

Package | VHDL Test Bench

Embedded Processor

More Info

Naziv paketa

File name:
BCD2ssdPackage
Location:

D:\BCD2s=sd

Add to project
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Kreiranje paketa

- MNew Source Wizard

—
'.E:Eummaw
Project Mavigator will create a new skeleton source with the following specifications.

Informaci jeo Add to Project: Yes

Source Directory: D:\BCD 2ssd
paketu Source Type: YHOL Package

Source Mame: BCD2ssdPackage. vhd

Klik na finish za
zavrsetak kreiranja
paketa.

Mare Info
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Realizaclja paketa

- ISE Project N:
| File Edit View Project Source Process Tools Window Layout Hel
d ¥ P

D2EHF || $DEX[wa| »2L2BR AR
Design +0F x
View: (@) E[Ei}Imp-IemenEﬁun () Simulaﬁnn

Hierarchy
- 8] BCD2ssd
Dvo-klik na =t £ xc35100e-5¢cp132

kreirani paket . e8 [3 BCD2ssdPackage (BCD2ssdPackage.vhd)

2 Mo Processes Running




EA TEXHMMNEA JROIACT

Realizacija paketa

Ime paketa

LIBRARY EE;
as

TETE

P el o
AT D

1l64.al1l;

EACEAGE BCDZs

sdPackage IS

Deklaracija
komponenti

Kod paketa

|~

Kraj paketa
" YN

PYNOBSMECTIOAMN v Hay

=] o fdn s fa RO

SN N e e e e o
L T O Y Oy L Y D e e O Vo O 8 S I Yy RS LI I S

COMPONENT BCD count IS5

PORT |

en : IN SID_LEEZ:;

cout
rat
clk

OUT STD LOGIC;
IN STD LOGIC;
IN STD LOGIC;

g : OUT STD LOGIC VECTOR (3 DOWHNTO O)

) :

END COMPONERNT ;
CCHPCHNENT BCD to 55D IS

PORT |
BCD
55D
END COMPCHENT;

IN STD LOGIC VECICR (3 DOWNTC 0):
OUT STD Lua_“_V"“T E(o DOWHTIC 0));

CCMPCONENT BCD 55D IS

POET (en
cout
rst
clk
=s=d

END COMPCOHNENT;

IN 5TD LOGIC;
OUT STD LOGIC;
IN S5TD LOGIC:
IN 5TD LOGIC:

OUT S5TD LOGIC VECTCE (& DOWNTOC 0)) 2

)

fa
£

END BCDZs=sdFa

ckage:




Karakteristike paketa

« U paketu se vrSi deklaracija komponenti koje Ce se koristiti u
projektu. U nasem slucaju komponente: Brojac(BCD count),
konvertor(BCD to SSD), sedmosegmentni displej za jednu
cifru(BCD_SSD).

Kad se uvede paket, nadalje u projektu nije potrebno
deklarisati komponente ve¢ samo ukljuciti paket u projekat,
naredbom:

« USE BCD2ssdPackage.ALL,;




Uvodenje vrsnog VHDL modula

- ISE Project N
% File Edit View Project Source  Process Tools Window Layout Help

—
=1 & . . T . lj_'}electSuurceTvpe

D |} (o % | db o, | ) o | » = B L;] | Select source type, file name and its location,
Jesign +08 x

View: (@) ﬁi}lmplemenbﬁnn () f8 simulation ; BM_M File o o
= = &% ChipScope Definition and Connection File

Hierarchy EJ Implementation Constraints File

BrDZssd . . IP (CORE Generator & Architecture Wizard)

=% # xc3s100e-5cp13? 1.. Eflif::;l;c
|F| BCD2ssdPad B New Source... User Document File name:
{=| Add Source...

Verilog Module BCD 2ssd
HIEJ Add Copy of Source..,

- New Source Wizard

Verilog Test Fixture

Manual Compile Order

= Implement Top Module

(]
]
5
E

File/Path Display

D|¥ ¥ & >[I0

#
¥ Y

P2 Mo Processes Runnin Expand All

r.
Mo

Mo single design mod. Collapse All
%  Design Utiliti M Find.. More Info

=1

Design Properties... \
2.
1. Zatim,VHDL Nazovemo
Odaberemo New Module Modul BCD2ssd

|| &%
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Modul BCD2ssd

Ovo je vrsni VHDL modul. Koristi komponentu BCD_SSD
koja se dva puta instancira. AND kolo se realizuje
konkurentnom naredbom dodele. U istoj arhitekturi je
dozvoljeno kombinovati razliCite stilove opisivanja,
strukturni, konkurentni, sekvencijalni.

Cifra

L1 jedinica

BCD_SSD BCD S=D

Cifra
desetica

en ssd en ssd g 10

cout

L
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Kod za vrsni modul

LTERARY IEEE;
_ USE IEEE
Ukljucivanje paketa,

USE WOI‘k.BCDZSSdPaCkage.ALL; -_—> USE work.BCDZ=s=dPackage.ALL;

ENTITY BCDZ=sd IS
Port | en :
Entitet —— st :
clk
cout @ out
gl : o 3 OGIC W OE (& downto 0);
g 10 : out S5 OGIC VECTCR (6 downto Q));
end BCDZ==d;

[ARCHITECIURE BCDZ23s3d of BCD2s3d 1S
SIGNAL cout 1, cout 10 : 5
EEGIN
bedssd 10 BCD 55D

. PCRT MAF (en => en,
Arhiktetura, cout => cout 1,

u arhikteturi se rst =» rst,
clk =r clk,

vrSi kreiranje i sd => q 1);

poveZIVanJe deSSd_E: ECD_SED .
PORT MAFP (en => cout 1,

komponenata. cout => cout_10,

rst =»> rst,

clk => clk,

ssd => g_10);

cout <= cout 1 AND cout 10;

END BCDZ=s=d;
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Kreiranje komponenti | mapiranje portova

beds=sd 1: BCD 55D
PORT MALAP (en => en,
cout => cout 1,
rst => rst,
clk == clk,
s=d => g_1):
becdssd 2: ECD 55D

PORT MAP(en => cout 1, bcdssd 1 bcdssd 2

cout =» cout 10,

rst =» rst, Clk
clk =» clk,
s=d => g 10):

cout <= cout_1 AND cout_10;
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Kreiranje podmodula

- ISE Proje
File Edit WView Project Source Process Tools Window Layout Help

Posle deklaracije DAEFIL ¥DDX|wa| 422,28 2R|H
povezivanja e e

View: (@) J:F'EI Implementation () Simulaﬁun

komponenti u glavnom Hierarchy

#] BCD2ssd

modulu jaVIjaju se dva e P

"loft, BCD2ssd - BCD2ssd (BCD2ssd.vhd)
nova podmodula,
bcdssd 11 bcdssd 2. '

P | ) Mo Processes Running

Svaka izmena u jednom podmodulu automatski ¢e se
prenositi i na drugi.
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Opis podmodula - BCD SSD brojac

« Ovo je prvi od dva stukturna koda. Kreira jednocifarski
BCD _SSD brojaC. Komponente BCD counti BCD_to SSD
smo deklarisali u paketu, u kodu ih instanciramo |
povezujemo.

Prvo, koristi se nhominalno povezivanje, a ne poziciono.
Nominalno je ocCiglednije i preporucuje se. (Poziciono
koriste alati za automatsko generisanje VHDL koda).
Drugo, portovi komponenti ne mogu direktno medusobno
da se povezu, vec su neophodni interni signali. Npr. I1zlaz q
komponente BCD count se povezuje sa internim signalom
bcd I, a onda se ovaj signal povezuje na ulazni port bcd
komponente BCD to SSD.
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Opis podmodula

« Sema jednog podmodula i njegove komponente koje
su medusobno povezane.

BCD_5S3D
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Opis podmodula

ISE Project Mavigator (P.58f) - DABCD2ssd\BCD2ssd xise - [BCD2ssd.vhd]

DAH@P|L ¥ DOX|wa| 22 2R 2RRAl 2803, P
Design +05F X
[ | View: ®) 8} Implementation () [ simulation
(5] | Hierarchy
| €] BCD2ssd
= £ xc3s100e-5cp132

E [*algi3 BCD2ssd - BCD2ssd (BCD2ssd.vhd) |
7| bedssd_1- BCD_SSD () 'f(_-)elect Source T
(& ype
bedssd_2 - BCD_S50 () Select source type, file name and its location,

N

USE work.BCD2ssdPackage.ALL;

- MNew Source Wizard

BMM File
&* Chip5cope Definition and Connection File
EJ Implementation Constraints File

J IP (CORE Generator & Architecture Wizard)

MEM File /
P2 Mo Processes Running Schematic File name:

Uzer Document
Processes: BCDZssd - BCD2ssd Verilog Module BCD_SSD

= Design Summary/Reports Verilog Test Fixture ]
Design Utilities VODL Module | Location:
User Constraints VHDL Library D:\BCD2ssd

P20 ) Synthesize - XST WVHDL Package

20 Implement Design WVHDL Test Bench

f2)  Generate Programming File Embedded Processor

@ Cenfigure Target Device

&*  Analyze Design Using ChipScope

- -

)

Add to project

More Info 4 . ) Next =

& Start | B Design | U Fles | [ Libraries

Console
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Opis podmodula

- Mew Source Wizard

':(__—:I)Eﬁne Module
Spedify ports for module.

Naziv entiteta i —> Entity name | BCD_SSD
arhikteture ——s  architecture name |BcD_S5D

Port Mame Direction

clecll<H<U<l<U<He<ll<ll <
OO0 ROOOLO|e
-

-

-

Nakon next biramo finish.
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Opis podmodula

a File Edit View Project Source Process Tools Window

D::3H|:':ﬁ|"". dt X||ﬂ L'!| » +J’_JE|

Design

View: i:l':l}lmplemen’mtcn ] Al Simulation

. File Edit View Window Layout Help
EEACT AR BEX|o o[ @

= 1
I~ USE
Hierarchy ? A= USE work.BCD2ssdPackage.ALL;
=] BCD2ssd
B EE xc3s100e- 5cp132 o ENTITY BCD 55D IS
T PORT |
en : IN STD LOGIC;
cout : OUT .:uI'E CGIC:
rst : IN SI'D_LU._-;_C,
clk : IN 3TD_LOGIC;
ssd : OUT 5TD LOGIC VECIOR(& DOWNTO
)i
END BCD 55D;

bcd cnt - BCD countCl
I

bed_conv - BCD_to_SS0 ()
El . bcdssd _2 - BCD_S50 - BCD_SSD (BCD_SSDwhd)
27 bed_ent - BCD_count )
L bed_conv - BCD_to_SSD ()

ARCHITECTURE BCD S5D OF BCD S5D IS
2 Mo Processes Running

—— interni signali

|©OQ|¥ ¥ & & |5

Mo single design module is selected.

w3  Design Utilities SIGNAL bed i : STD LOGIC VECTOR (3 DOWNTD
BEGIN
bed cnt: BCD count
PORT MAF (en =>» en,
rat =» rst,
q => bed 1,
cout =» cout,
clk =» clk):
bcd_cnnv: BCD_tn_SSD
PORT MAF (BCD =» bed i,

= = 55D =» ==3d):
& Start | B2 Design |7 Files | [y Libraries

Console

Les
2
=
A

END BCD 55D:

Jp INFC:ProjectMgmt - Parsing design hierarchy comp

Started : "Launching ISE Text Editor to edit BCD
BCD_S5D.vhd

T

PMCOEA TEXHMNEA RO CT?




Objasnjenje podmodula

. U arhikteturi podmodula (bcdssd_1 i bcdssd_2) kreiraju se
novi moduli bcd_cnt (brojac) i bcd _conv (konvertor).

. UkljuCivanje korisniCkog paketa (work.BCD2ssdPackage)
. Entitet naseg podmodula
. Arhiktetura podmodula




bcd cnt

Desni klik na bcd cnt, zatim New Scource.

- ISE Py
% File Edit View Project Scurcd Process Tools Window Layout Hel

L2 EH&| d Xl oo xR 2R
Design 09 x

i View: (@) @Implemenbﬁon () [ Fimulation EED‘_E’DUI’“

i mif

Hierarchy
=] BCD2ssd
= B xc3s100e-5cp132 [
=t [Wgleit: BCD2ssd - BCD2ssd (§CD2ssd.vhd)
E bedssd_1 - BCD_SSDE BCD_SSD (BCD_SSDwvhd)
ﬁ hl:d_l:l'lt Ny ATAn 0y
(2] bed_con ' Mew Source...
= bedssd_2- B 5] Add Source...

bed_ent|
bzd:zzn Eﬂ Add Copy of Source...

Open
£| Remowve

P2 Mo Processes Running

Manual Compile Order
Set as Top Module
SmartGuide...

Processes: bed_cnt - BCD o o
¥ Design Utilities
f2  Check Syntax

Implement Top Module
File/Path Display

Expand All
Collapse All
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- MNew Source Wizard

(€ 5elect Source Type - New Source Wizard
Select source type, file name and its location.

P
l.t))eﬁne Module
Specify ports for module.

BMM File
&* ChipScope Definition and Connection File

Eﬁ Implementation Constraints File —Eﬁﬁne BCD_count

J |P (CORE Generator & Architecture Wizard)
MEM File —rremErTrERine |BCD_cound
Schematic
User Document

=
4

File name: Port Mame Direction

Verilog Module 2 .é BCD_count

Verilog Test Fiture
VHDL Module
DL Library D:\BCD2ssd
VHDL Package
s VHDL Test Bench
2 Hmbedded Processor

Location:

CHEH<H<HN<U<HNE<UL

Add to project

£

HO000MD0000 @

Mare Info

£

Mare Info < Back Cancel

3.
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Paket NUMERIC_STD je
standardni IEEE paket za ——
aritmetiku u VHDL-u.

Entitet ———

mmqmmnﬂmul—*

L
=

PORT (en
cout
rst
clk

q : 5 _VECTOR (3 DOWNTC 0)):

END BECD count:

Arhiktetura

EEE—Y |
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| e e e
W e =] o nod LA kg

s LR O

LECHITECTURE ECD_cuunt CF ECD_cuunt TE

SIGHAL r reg, r next UHSIGHED (2 DOWHNTO Q) ;
SIGHAL ci
BEGIN
FROCESS (clk, rst)
BEEGIN
IF{rst = '1"'"}) THEHN
r reg <= (OTHERS =X
ELSTIF (clk'"EVENT AND clk =
IF{en = '"1'} THEN
r reg <= r Dext;
END IF;
END IF;
END PROCESS;
ci <= 'l' WHEN r reg = 5 ELSE
|,:,|;
r mext <=

Il:ll:l.:

'1') THENW

(CTHERS ==> WHEN ci = '"1" ELSE

r reg + 1;

T T
{_— = CH =11 R -
ol LASTLL

VECTCE (r_reg):

I|:|I:|

cout <= ci:
END ECD_cnunt;




Konvertor (bcd_conv)

 bcd _conv je kombinaciono kolo koje vrsi konverziju
binarno kodiranih decimalnih cifra u 7-bitni kod za
pobudu 7-segmentnog displeja. U VHDL opisu koji sledi,
ova konverzija je ostvarena posredstvom konkurentne
naredbe select. Naravno, umesto konkurentne naredbe
select, mogli smo da koristimo proces i naredbu case.

BCD to_ssd




bcd conv

Postupak za kreiranje arhikteture | entiteta bcd_conv.

- ISEP1
=) File Edit View Project Source Process Tools Window Layout Hel|
D2 HE&| oo I X|wa| »i 2 2rBaR 21|
Jesign +O0F X
View: (@) {fj}lmplemeniﬁﬁon O Simulaﬁon

Hierarchy

1] BCDZs=d
= £ xc3s100e-5¢cp132
= [iglefly BCD2ssd - BCD2ssd (BCD2ssd.vhd)
& bedssd_1 - BCD_S5D - BCD_SSD (BCD_S50whd)
% bed_cnt - BCD_count - BCD_count (BCD_count.vhd)
bed_conv - BCD to SSML0

4 bed_cnt - BCD_count - Add S
bed_cony - BCD.to, 551 oHieE

[§z] Add Copy of Source...

Open

¥ Mo Processes Running 5| Remove

Processes: bed_conv - BCD_to_S5D

Manual Compile Crder
&F  Design Utilities

sips Setas Top Module

SmartGuide...
@ Implement Top Meodule
File/Path Display

Expand All
Collapse All
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- New Source Wizard
":)elect Source Type |
Select source type, file name and its location. .
- Mew Source Wizard
BMM File (e
| & Define Module
&2 ChipScope Definition and Connection File - ne Mo
. . . Specify ports for module,
E Implementaticn Constraints File
[ |P (CORE Generator & Architecture Wizard)
| MEM File Entity name |BCD_to_S5D
| Schematic File name:
=] User Document ' Architecture name |BCD_to_SSD
v | Verilog Module BCD_to_S5D
Verilog Test Fixture ) Port Mame Direction Bus MSE LSE &3
Location:
BCD in v
D:'\BCD2ssd
SsD out v
"o WHDL Test Bench in = D
¢ Embedded Processor
in v [
in v []
Add to project In d [N
in v []
in v [
in v [ ] v
More Info < Back Cancel
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bcd conv

——Konvertor 4 -> 7 bita.
LIBRARY IEEE:

I
LSTD LOGIC 1164.ALL;

ENTITY BCD to 55D IS
FCRT (BCD 2 5
SSD : STD LOGIC_VECTOR (& DOWNTO 0));
END BCD to_ SSD;

I e C B T o BT L T B

BCD to_ssd

=
=]

LRCHTTECTUIRE BCD to S5D OF BCD to 55D IS5
BEGTIH
WITH BCD SELECT

T aTatalall
FRFLELE r

L aTaTa ki BL
S

o e
LiraTal j IT

-
"0 n

L s TaTe Ll

CTHERS:;
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Sinteza

- P

=| File Edit View Project Scurce Process Tools Window Layout Help
O2HS| D X|wa| = —_K}{-Eﬂ

Jesign —+ O x |

View: (@) ]:!:.ﬂlmplemeniﬁﬁon O Simulation b

Hierarchy

Prvo selektovati |
Vrénl mOdul g E’:'i £3s100e-3c0132

Pl BCD2ssd - BCD2ssd (BCD2ssd.vhd)
= g _ B _
BCDZSSd becd_cnt - BCD_count - BCD_count (BCD_count.avhd)

cdss - -  SSDwhd)
bed_conv - BCD_to_S5D - BCD_to_S5D (BCD_to_SSD.wvhd)
= bedssd_2 - BCD_SSD - BCD_SSD (BCD_SSDwhd)
g bed_cnt - BCD_count - BCD_count (BCD_count.vhd)
"y bed_conv - BCD_te S50 - BCD _to_S5D (BCD_to_S5D.whd)

f2 Mo Processes Running

Zatlm ObaV|t| Processes; BCDZ2ssd - BCD2ssd

Design Summary,/Reports

sintezu dvo-klikom : @ Design ilties

UUser Constraints

na Synthesize - >0 |
XST P2  Generate Programming File

@ Configure Target Device
&% Analyze Design Using ChipScope

o Start | B2 Dpesign | [ Files | [ Libraries

Zonsole

Poruka o uspesno
Ob&VljerIOj SlnteZ| Frocess "Synthesize - X5T" completed successfully

<
|§| Console Errors _!_"‘-, Warnings ':ﬁ Find in Files Results

nen I IRZS
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View RTL Schematic

#J No Processes Running

Processes: BCDZ2ssd - BCD2ssd

Klik na plUS kod i iDesign Summary/Reports
. . . " Design Utilities
sinteze, zatim dupli

User Constraints

View RTL Schematic
‘-fiew?echnnlng}r Schematic
Check Syntax
Generate Post-Synthesis Simulation Model
PA(C) Implement Design
2  Generate Programming File

Fd Il

Schematic

g
klik na View RTL Bl E% Synthesize - XST
e
]
]

» ii

BMCONA TEXHMM A QI EOTA CTRYROBSME CTIOAN ¥ Hieay




View RTL Schematic

Set RTL/Tech Viewer Startup Mode

Select how the RTL/Tech Viewer behaves when it is initially invoked

Startup mode

(®) Start with the Explorer Wizard

In this mode, the Explorer Wizard is the initial screen, and allows
you to select the elements that you want to see on the initial
schematic

() Start with a schematic of the top-level block

In this mode, the Explorer Wizard is bypassed and an initial
schematic is created with only the top-level block displayed. You can
then use the logic expansion capabilities of the Viewer to start
expanding from the top-level block

You can also change the startup mode by selecting Edit-=Preferences under
the RTL/Tech Viewer page

Show this dialog on startup
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View RTL Schematic

Create RTL Schematic

1) Select items you want on the schematic from the "Available Elements” list and move them to the "Selected Elements” list
- Use the Filter control to filter the "Available Elements" list by name
2) Press the "Create Schematic” button to generate a schematic view using the items in the "Selected Elements" list

Ayailable Elements Selected Elements

=8 BCDZssd Add -= bedssd 1

_‘j? P'rlmltn.res bedssd_2

< Remove bed_cnt
Ej Slgnals bed_cnt
bod_conw
becd_conw
BCD2ssd
clk
clk
cout
cout
cout_imp_coutl
cout_1
cout_10
en
£n w

< <- Remove Al

D440 00 /709 Joegeegepgs

Create Schematic

Prosirimo foldere na + (Primitives, Signals, Top Level Ports, bcdssd 1,
bcdssd 2), a zatim ih selektujemo sve. Onda biramo Add, a zatim Create
Schematic.

BMCDRA TEXHMM KA 21O CTRYNO BHME CTIIAM ¥ Hidy




RTL Schematic
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Realizaclja projekta na FPGA

* Predhodni kod u arhikteturi modula koji je prikazan za
uspesnu funkcionalnu realizaciju FPGA sedmosegmentnog
displeja nije dovoljan.

Da bi tacno radilo odbrojavanje jedinica i desetica na
displeju, kao i aktiviranje odredenih cifara u odredeno vreme
potrebno je izvrsiti odredene dopune/izmene.

Na sledecCim slajdovima prikazane su dopune u kodu sa
predhodnih slajdova iz istog projekta.




Realizaclja projekta na FPGA

Prva dopuna (izmena) koda je u glavhom modulu naseg projekta, BCD2ssd.

37, END IF:

IEEE.STD LOGIC 1164.ALL; 38 EHND PROCESS:
USE wor DZ55D PCE.RLL: 39

ENTITY ECDZ_SSD 15 40 anods <= ”_:'__“ WHEH =el='0"

Fort(en : IN 5TD LOGIC: 41 ELSE
rst ] oGIC; 43
clk : IN L 43 g <= g 1 THMPF WHEN sel='0Q'
cout ¢ OUf -70 ToE o7 24 ELSE g 10 TMP;

Wwom =] mon s L R

[
=]

[
[

1 d — 45
dot : OUT =td logicy
anods: OUT =td logic vector (3 DOWNTO 0)):| 46 bedssd_1: BCD 55D

END BCD2 S5D; 47 FCORT MALFP (en => en,
48 cout => cout_1,
—-Glavna arhiktetura (Ne dirati) 45 rast =» rst,
ARCHITECTURE BCDZ_ S5S5D OF BCD2 S5S5D IS 2 50 clk => clk
— . — 4

€< _
SIGNAL cout 1, cout 10,|self: = o1 s=sd => g_1_TME);

SIGNARL g 1 TMP : 5TD LOGIC VECTOR 52 bedssd 2: BCD 55D

[
R

e
b L

SIGNAL g 10 TMP : STD LOGIC VECTOR(& DOWNTO 0); 53 FCORT MAF (en => cout_1,

G cout => cout 10,

SIGNAL counter : int I 0 to 124929 := 0; = -
councer ilnteger range a < gL rat = ISE,

56 clk => clk,
57 s=d =>| g 10 TMF):
dot<="1"; 58
59 cout <= cout 1 AND cout 10;
FROCESS (clk) 60 - -
SEGIN _ 61 END BCD2 55D;
TF rising edge (clk) THENW —
IF (counter = 124593) THEN
zel <= HNOT (=el);
counter <= 0;
ELSE
counter <= counter + l;
END IF:

BEGIN
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Realizacija projekta na FPGA

. Deklaracija novih portova u entitetu: g, dot i anods.

. Pored signala cout_1 i cout_10, uvodimo sel (selekcioni
signal). Zadatak ovog signala je da aktivira odredenu cifru
(jedinicu ili deseticu).

. Uvodenje novih signalag 1 TMPi1q 2 TMP. Uvodenje
signala counter.

. U liniji 26. dodajemo naredbu: dot <= ‘7’; Ove naredba
konstantno drzi taCku ugasenu tokom rada naseg brojaca
na displeju.

I_I
Il




Realizaclja projekta na FPGA

4. U naredbama od 28. do 38. vrsi se skaliranja takta, sa
50MHz na 200Hz:

FROCESS (clk)
BEEGIH
IF rising edge (clk) THEN
IF (counter = 12498359) THEHN
sel <= HOT (=el);
counter <= 0;
ELSE
counter <= counter + 1:
END IF;
END IF:
EHND PROCESS:
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Realizaclja projekta na FPGA

4. U naredbama od 40. do 44. vrsi se selekcija odabira cifre
koja Ce biti prikazana na displeju (jedinica ili desetica) —
vrsi se vremensko multipleksiranje sa frekvencom od
200H2z).

40
41
43
43
44

anods <= "1011" WHEN =sel='0"

ELSE "0111";

g <= g 1 THMP WHEN sel='0'

ELSE g 10 TMP;

Selekcija desetice za anods <= “0111”

AN1 AN2 AN3 ANd
I I I

I II_I
Ry Y

Selekcija jedinica za anods <= “1011"

AN1 AN2 AN3 ANd
I I I

il I_I
I_I 1 =1 1=l




Pitanje

« Kako bi se realizovalo vremensko multipleksiranje
koriS¢enjem PROCESS-a i naredbe IF ?

40 anods <= "1011" WHEN sel='0"
41 ELSE "0111";

42

43 g <= g 1 TMP WHEN sel='0Q"
44 ELSE g 10 TMP;
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Realizaclja projekta na FPGA

Refresh period = 1ms 1o 16ms

' LR

AND —‘1 /
ANT N\

Digit period = Refresh [ 4

AN2 / 5
AN3 \ £

Cathodes Y Digit0_¥_Digit1_)_Digit2_)_ Digiia )\

Primer viemenskog multipleksiranja sedmosegmentnog displeja sa 4 cifre.

-
. i i .
]
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Realizacija projekta na FPGA

U zavisnosti od selekcionog

signala aktivira¢e se odgovarajuca

anoda, a broja€ ¢e aktivirati

razliéite kombinacije cifara na Razne kombinacije prikazane
izabranoj anodi. na displeju

AN1 AN2 AN3 AN4
I

I_l l_l l_l l_l
I—I. =1 1= 1]

IR N M Y [ O
CACBCCCDCECFCGDP

Cetri cifre sedmosegmentnog
displeja
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N

O
| SW7 r—o—w— N3

Slide
switches
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Povezivanje sa FPGA

LEDs
M5 20 g LDD

1LD1ﬂ,

Pinovi za izbor anode tj.

ANO
J12 —w— o @ pozicije cifre.
M13 —w e

K14 —ww HA

Pinovi za odredenu
kombinaciju cifre.




Realizaclja projekta na FPGA

5. Promena imena signala kao u deklarativnom delu,
g1 TMPiqg 10 TMP.

bedssd 1: BCD 55D
FOET MALF (en => emn,
cout => cout 1,
rst =»> rst,
clk == clk,
ssa =>[a_1_THE) 7]
bedssd 2: BCD 55D
PORT MAFP (en => cout 1,
cout => cout 10,
rst => rst,
clk =» clk

==d =}Iq 10 THE) ;

.“ i i '
hidda \
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Realizaclja projekta na FPGA

» Slede izmene koda u brojacu bcd_cnt prvog podmodula
(bcdssd_1).

 Ne zaboravimo da se svaka izmena u jednom podmodulu
automatski prenosii nadrugi!




Realizaclja projekta na FPGA

LIEBRRRY IEEE;
USE IEEE.STD LOGIC 1164 ALL;
USE IEEE_NUMERIC STD_ALL;

ENTITY BCD count IS
PCRT{en = IN S5TD LOGIC
cout OUT STD LOGEIC:
rat : IN STD LOGEIC;
clk - IN STD LOGIC;

UVOdenJe Slgnala prescaler kOJI Je 10 . BC:I—C:L“:H:; OUT STD LOGIC VECTOR(S DOWNTIO 0));

11

neophodan kako bi nas brojacC brojao 2 BCD_count

13 ARRCHITECTURE OF BCD count IS
44 SIGHNAL prescaler : unsigned (25 downto "_'I:I;I

na 1 sekundu a ne na 50MHz. 15 SIGNAL r_reg, r _next : UNSIGNED(3 DOWNIO 0);
18 SIGHAL eci : STD LOEIC;
17
18 BEEIN
13 PROCESS (clk, £st)
20 BEEFIN
IF{rst = '1') THEN

r_ reg <= (OTHERS => "0");
ELSIF({clk'EVENT AND clk = "1")

IF{en = "1"') THEN

=1 iy 7 s k)

Lo

IF prescaler <=

prescaler <= prescaler + 1;

ELSE

prescaler «<=(gthers =» "'0");
r reg <= E_NeXt;

> [Eo_15]

END IF;

END IF;

END PROCESS;

Lo Gl RIRRY R R RIERY RS R ORD
Rl Ol W =]y e W k)

ci <= "l" WHEN r reg = 5 ELSE
at;
r next <= (0THERS =» '0") WHEN ci
r reg + 1;
g <= 5TD LOEIC VECTOR(r_regq);
cout <= ci;
END BCD_count;

[ L I L TE T T I L ]
L T s T T L TR SO
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Realizacija projekta na FPGA

——HKonvertor 4 -»> 7 bita.
LIBRALRY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY BCD to 55D IS5
PORT (BCD - 2
55D : STD LOGIC VECTOR (6 DOWNTIO 0)):
END BCD to 55D;

{1 I e S B TRy [T RO L T % P

[
=]

ARCHITECTURE BCD to 55D OF BCD to 55D IS5
BEGIN
WITH BCD SELECT

[
[

Invertovalismo1uO,iOul
zato Sto Ce displej da aktivira
diode na 0, a deaktivirana 1.

[
3% ]

i fatatatatil

[
Lah

s

r
UEsTals AL
“4r

LEa Tl

[
19

7

[
Ln

LTl

o e
mo-d

15 i

20 000111] 0111
21 "1Q00™,
22 0000100 OTHERS;
|23 END BCD to 55D;
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Realizacija projekta na FPGA

Design

POSIG |Zm ena u kOdu [ | View: (- Eﬂ}lmplemenbﬁun O Simulaﬁon
neophodno je pokrenuti &l Hierjﬁ_j]‘“h*‘da d

sintezu radi provere EH L & restooe sprz

) ) - ) 2ty - [he; BCD2_SSD - BCD2_SSD (BCD2_SSD_Pwhd)
|spravnost| naseg koda Pl bedssd_1 - BCD_SSD - BCD_SSD (BCD_SSD.vhd)

Klik na BCD2_SSD
DVO-kIlk na Synth e5|Ze _— XST PJ Mo Processes Running

|I| desnl kllk pa Re'run ‘-]: Processes: BCD2_550 - BCD2_55D

v . . 7L E  Design Summary/Reports
UspesSno obavljena sinteza! g Design Utilities

Ert Uszer Constraints
2. 3 T2 Synthesize - XST
H View RTL Schematic
View Technology Schematic
P2  Check Syntax
[}O Generate Post-Synthesiz Simulation Model
P00 Implement Design

P2 Generate Programming File
mWER  ronfinies Targst Daica

& Start | B Design U] Files | [ Lbraries

Console

3 ii 3 =3 Process "Synthesize - X5T" completed successiully
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Realizacija projekta na FPGA

Samom izmenom u kodu, dodavali 1. Dvo-klik na View RTL Schematic
smo nove signale i naredbe. Svaka 2. Ok

izmena i dopuna u kodu uti€u na

izgled RTL Seme.

Design { --Konvertor 4 -» 7 bita.
View: (@) I:FEI Implementation () Simulation LIBRARY IEEE;
.STD LOGIC 1164.ALL;

Hierarchy

5] BCD2ssd Set RTL/Tech Viewer Startup Mode ﬂ
= B xc3s100e-5cp132

= [hglets BCD2ssd - BCD2ssd (BCD2ssd.vhd)
bedssd_1- BCD_SSD - BCD_SSD (BCD_SSDivhd) Select how the RTL/Tech Viewer behaves when it is initially invoked

[

bedssd_2 - BCD_SSD - BCD_S5D (BCD_5SDivhd) Startup mode

(®) Start with the Explorer Wizard

In this mode, the Explorer Wizard is the initial screen, and allows
you to select the elements that you want to see on the initial
schematic

c Running: View RTL Schematic

() Start with a schematic of the top-level block

Processes: EC[?Essd e In this mode, the Explorer Wizard is bypassed and an initial
L Design Summary/Reports schematic is created with only the top-level block displayed. You can
Design Utilities then use the logic expansion capabilities of the Viewer to start

0 ;‘Iseihcc'“t'a;("st_? expanding from the top-level block
WNLNESIZE -

— View RTL Schematic
View Technology Schematic
P2  Check Syntax
P2  Generate Post-Synthesis Simulation Model
FAC) Implement Design

f2)  Generate Programming File
Gl R Canfinues Tarnst Deice

» Start | B2 Desion U] Fies | [ Libraries Show this dialog on startup 2, —_—

Consaole

You can also change the startup mode by selecting Edit->Preferences under
the RTL/Tech Viewer page
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Realizacija projekta na FPGA

Create RTL Schematic

1) Select items you want on the schematic from the "Available Elements” list and move them to the "Selected Elements” list
- Use the Filter control to filter the "Available Elements” list by name
2) Press the "Create Schematic” button to generate a schematic view using the items in the "Selected Elements” list

Available Elements Selected Elements

- B i anocs0

=17 Primitives anods(0)
anods<3>_imp_anods<3>1 anods(1)
counterl anods(2)
cout_imp_cout1 anods(2)
zel anods(3)
HST VCC anods(3)
Signals anods<3>_imp_anods<3>1
anods bedssd_1
clk bcdssd 2
counter bed_cnt
cout becd_cnt
cout_1 bed_conwv
cout_10 bed_conv
en BCD2zsd
q clk v

2 .ﬁ Create Schematic

<-Remowve

<<~ Remave All

fagRRm 0O J 00/

Prosirimo foldere na + (Primitives, Signals, Top Level Ports, bcdssd 1,
bcdssd 2)i zatim ih selektujemo sve. Onda idemo na Add, a zatim na
Create Schematic.
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RTL Schematic

)
)
)
{1
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Implementacija

Design

view: @) {3} Implementation () 5 Simulation

i

Hierarchy

Selektujemo glavni 2| - © ecoassa
1 . — Begg 3?;0%3(;;;2132_ BCD2ssd (BCD2ssd.vhd)
m O d u I ﬁ bedssd_1 - BCD_SS0 - BCD_SSD (BCD_S5D.whd)
Dvo-klik na Implement -
Design

bedssd_2 - BCD_SSD - BCD_SSD (BCD_SSD.whd)
Uspesna
Implementacija!

ENTITY BCl
BORT (BC!
ssi

END BCD_t

L= I I VR BT S U S

[¥s]

ARCHITECT!
BEGIN
WITH BCD
55D <= "L

H| D &|W|E
R
s W RO

[
tn

[
o

P2 Mo Processes Running

[
]

[
£

Processes: BCD2ssd - BCDZssd
= P2 Synthesize - XST
View RTL Schematic
ta
[

P PR
O o

View Technology Schematic

Check Syntax

Generate Post-Synthesis Simulation Model
2 e =8 Implement Design

FAE) Translate

=]
]

Ld
20
l
A

END BCD t

R
[

FAE) Place & Route

f2  Generate Pregramming File
. Confinues Tarast D

& Start | B2 Desion | Files | [ Libraries L Design Summary (Impleme

<

Console

Total time: 2 =secs

HFIUCESS "Generate Post-Place & Route Static Timing™ completed successfully I
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Ogranicenja — User Constraints File (UCF)

Design ~+0&8 x
View: (@) ﬁi}lmplemen'ﬁﬁon O ?'E Simulation

——-Konvertor 4 -> 7 bita.

=

USE IEEE.STD LOGIC 1164.ALL:
Hierarchy - -

= BCD2ssd 1.
5 £J xc3s100e-5cp132 €

= .mx BCD2s=d - BCD2ssd (BCD2ssdwvhd)
o] bedssd_1- BCD_SSD - BCD_SSD (BCD_SSDwvhd)
%) bedssd_2 - BCD_SSD - BCD_SSD (BCD_SSD.vhd)

- New Source Wizard

=1 @ N s L R

—
I.:Z:)elect Source Type
Select source type, file name and its location.

[
0w

[
[

BMM File

&% ChipScope Definition and Cennection File

-M E Implementation Constraints File

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

€2 Mo Processes Running P ac::g;?:ment

) Verilog Module 3.% BCD2s=d

% Design Utilities .‘V{‘:gf_gm]:;tjfure Location:

WYHDL Library D:\BCD2ssd

VHDL Package

WHDL Test Bench

Embedded Processor

§||'-'\,: Y |l|%” |‘,",Fﬁ@

File name:

Mo single design module is selected.

»
T
B
A

Add to project

€

& Start | B2 Design | [ Fies | [y Libraries 2 Design Summary More Info 4.é Cancel

Console

. Desni klik preko oznake kola pa New Source
Biramo Implementation Constrants File
. Dodelimo mu ime BCD2ssd.
axt -> Finish
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Kod ucf-a

ISE Project Mavigator (P.58f) - DABCD2ssd\BCD2ssd
File Edit View Project Scurce Process Tools Window Layout Help
DAEHF| - [sDDEX[wa| =P B8R 2R|A
|Desjgn ~+[ A X|
View: (@) It'i.l}lmplemenmﬁnn 3 Simulatinn

ik
il

|
N

FRIPELY

II':.-\.-II ]'_DC = T ]"'II "
II-\.' I_{II ]'_DC - IIE;II-
II-\.-q—II LDC = II"'_II-

\

\

Wwoee =1 N W L k)

Hierarchy

- 8] BCD2ssd
= £ xc3s100e-5cp132
= ﬁﬂﬁ BCD2ssd - BCD2ssd (BCD2ssd.whd)
-- iy bedssd_1 - BCD_SSD - BCD_SSD (BCD_SSDwhd)
-- "] bedssd_2 - BCD_SSD - BCD_SSD (BCD_SSDwhd)
o 'y BCD2ssd.ucf

"dot"™ LOC = "H13";

"guarx" LOC =
"gSE" LOC
"gedF" LOC
"g3=" LOC
"ge2F" LOC
"gulx" LOC
"gOE" LOC =

BRI
RO

Ei
&l
&
&

[
L

[
L

"anods<0>"
"anods<1>"
Tanods<Z2>"
"anods<3>"

[
fuyt

#J MNoProcesses Running

[
=]

O3 ¥ & &I

Me single design medule is selected.
ﬁ' Design Litilities

ISV
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Povezivanje portova modula koji
projektujemo | pinova FPGA kola

- 057 Push
1z korisni¢kog uputstva =5 buttons HEDe

- v o+ AAN G12 Mﬁ LDD ; WW—
za razvojnu plocu. 1101 o |
- €11 p7 .02 3
- Wl P& LD3 H_“'N‘—:

Nﬁ &H_“a‘rf\_.@
- AT N4 LDS . e
P4 &H_;\m_.

Spartan 3E
pFPGA G1 LD7 H W — e CcOoUut

3.3V

o

SWOr—o—apn— P11 F12 -y EANI] < anOdS O
12 <€<——anods 1
M13 —w . <_anods 2

[ sw2ro—w-{ K3 K14 —

O
| SWiz—o—w— L3

01
| SWar——o—na— B{.‘.

a
SW4 r——w— 53

L =TT

[ swsr—o—w F3

0
| sWe=—o—w— E2

]
SW7 r—o—ww— N3

Slide
switches

Display
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