Cvicenie 4
Prevodnik BCD na 7-segmentovy displej. Funkéna a ¢asova simulacia v Quartuse 11
a ModelSime. Vytvaranie stimulov vo VHDL (Test benche). Prakticka demonStracia
funkcnosti projektu na vyvojovej doske CPLD KIT.

Zadanie:

Realizujte prevodnik BCD na 7-segmentovy displej na vyvojovej doske CPLD KIT. Jeho
Struktiru  popiste VHDL jazykom. Dizajn odsimulujte v simuldtore Quartusu II
pomocou grafického zadania vstupnych signalov av ModelSime pomocou VHLD test
benchu.

Poznamka:

Toto je posledny kompletny postup, ako zostavit’ a odsimulovat’ projekt. Dal3ie cvi¢enia budu
zamerané na analyzu VHDL kédov arealizaciu zlozitejSich dizajnov. Preto vysoko
odporti¢am nastudovat’ cely postup, naucit’ sa ho naspamit, aby ste nestracali na d’alSich
cvi¢eniach Cas tym, ze neviete kam kliknat. Postup vyzerd byt dlhy a komplikovany, avSak
ak ho pochopite, budete ho vediet’ naklikat’ za 5 minat. Ak by boli niektoré Casti vyslovene
nezrozumitel'né, kontaktovat’ ma na miso.varchola@tuke.sk.

Plan cviéenia:
1) Vytvorenie projektu v Quartuse 11
2) Napisanie VHDL kodu pre prevodnik BCD na 7-segmentovy disple;j
3) Kompilécia projektu a priradenie pinov
4) Funkc¢nd a Casova simulacia v simuldtore Quartusu II
5) Napisanie VHDL test benchu
6) Konfiguracia prostredia Quartus II pre spistanie simulacie v ModelSime
7) Funkénd a ¢asova simuldcia v ModelSime
8) Konfiguracia dosky

Teoreticky rozbor

BCD -> 7-seg. prevodnik

Prevodnik BCD (Binary Coded Decimal) na 7-segmentovy displej sa pouziva na dekédovanie
informacie v BCD kode na informaciu vo forme cislice na 7-segmentovom displeji, €o je
jednoducho interpretovatel'né ¢lovekom. BCD kod sa pouziva v elektronickych logickych
systtmoch vdaka jeho jednoduchému spracovaniu. Takého prevodniky existuju aj
v integrovanom prevedeni, ktoré sa ¢asto pouzivalo v minulosti, ked’ programovatel'na logika
nebola alebo bola nedostupna. Prikladom je napr. integrovany obvod D147C vyrabany
byvalym DDR, resp. novsi CD4511 (CMOS technolégia) a vela d’alSich...

Pravdivostna tabul’ka prevodniku (pre dosku CPLD KIT, tabul’ka je zrejma zo schémy):

DIP SWICH (vstup) Displej DG2 (vystup)

A B C D a b c d e f g
0 1 1 1 1 0 0 0 0 0 0 1
1 1 1 1 0 1 0 0 1 1 1 1
2 1 1 0 1 0 0 1 0 0 1 0
3 1 1 0 0 0 0 0 0 1 1 0
4 1 0 1 1 1 0 0 1 1 0 0
5 1 0 1 0 0 1 0 0 1 0 0
6 1 0 0 1 0 1 0 0 0 0 0
7 1 0 0 0 0 0 0 1 1 1 0
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Funkéna a casova simuldcia

Robit’ simulacie pocas vyvoja hardvéru v CPLD alebo FPGA je velmi dobrym zvykom,
nakol’ko chyby je vel'mi zlozité hl'adat’ v ¢ipe na doske. Simulacie st takmer nevyhnutné pre
uspesnu realizaciu projektu. To plati aj pre jednoduché projekty. Je vel'mi ddlezité rozliSovat
medzi funk¢nou a ¢asovou simulaciou. Pri funkénej simulacii je VHDL kéd (pripadne schéma
prelozena do VHDL kodu) simulovany z matematického hladiska. Simuluji sa rovnice.
Takato simulacia je rychla, ale nemusi za vSetkych podmienok odzrkadlovat’ spradvanie sa
hardvéru. Pri dodrzani urcitych pravidiel je mozné povazovat vysledok funkcnej simulacie za
vel'mi blizky hardvérovej realizécii projektu. Minimalne je mozné vysledok pouzit na
posudenie, ¢i sa kdd VHDL alebo schéma chové z funkéného hladiska tak, ako chceme my.
Casova simulacia uvaZzuje vo vypoétoch aj oneskorenie hradiel a oneskorenia plyniice zo
Sirenia sa signalu medzi hradlami. Tato simulacia je blizSie k spravaniu sa realneho hardvéru
ale trva dlhSie. Vo velkych projektoch sa casova simulécia takmer nepouziva, pretoze moze
trvat’ aj niekol'’ko hodin az dni, zatial' o funk¢na radovo minuty.

Simulacia v Quartuse a ModelSime

Quartus je EDA nastroj vyvijany firmou Altera, ktord sa zaobera najmé vyvojom a vyrobou
CPLD a FPGA c¢ipov. Quartus obsahuje vSetky nalezitosti potrebné pre vyvoj CPLD a FPGA.
Okrem iné¢ho aj simulator, ktory ako-tak zvySuje pridanti hodnotu vyvojového prostredia
Quartus II. Existuju vSak aj firmy, ktoré sa Specializuji na vyvoj EDA (Electronic Design
Automation) nastrojov, napr. firma MentorGraphics. Tato firma ma vo svojom portf6liu celu
sadu nastrojov potrebnych pre vyvoj elektroniky. Pre simulaciu logickych obvodov vyvijaja
ModelSim. D4 sa povedat’ ze praca s ModelSimom je podstatne rychlejSia a efektivnejsia ako
s Quartus-simulatorom. Donedavna bolo nutné za ModelSim platit, dnes vSak existuje tzv.
Altera Edition (ModelSim pre Alteru), ktort Altera distribuuje zdarma (pretoze jadro biznisu
Altery tvoria ¢ipy, ktoré chce predavat’) spolu s Web Ediciou Quartusu. Takato kombinacia
postacuje aj na vacsie dizajny. Preto je vel'mi vyhodné naucit’ sa pouZzivat’ aj ModelSim. Pred
kazdou simulaciou odporucam projektové stibory ulozit’ a projekt skompilovat’.

Zaddavanie stimulov (vstupnych signalov) graficky a VHDL kodom

Jednoduchost’ zaddvania vstupnych signalov graficky zvadza k jeho pouzitiu. Je to vSak
nevyhodné a neprehladné v rozsiahlych dizajnoch. Preto sa budeme ucit’ vytvorit’ stimul
(testovacie vstupné signaly) pomocou VHDL kodu, ktory je viac jednoznacny.

Poznamky ku VHDL

Vsetky identifikdtory (meno entity, meno signalu, meno architektiry...) zalinajte vzdy
s vel'kym alebo malym pismenom. Nikdy nie ¢islom alebo akymkol'vek inym znakom. Ako
oddelovac¢ v identifikatore pouzivajte podtrznik . V identifikdtoroch pouzivajte len pismena
anglickej abecedy a ¢isla. Dodrzujte formatovanie. Komentare na jeden riadok sa piSu za
dvojicu znakov minus (-- toto je komentar). V komentdroch sa odporii¢a nepouzivat



interpunkciu, opdt’ len pismena anglickej abecedy (alebo este lepSie — pouzivat anglictinu).
Syntax bude vysvetlend na prikladoch. Quartus Editor zvyraziuje klIi¢ové slovd modrou
farbou a komentare zelenou. Pri vysvetlovani syntaxe dévajte pozor, kde sa pisu dvojbodky,
bodkociarky a €iarky. V ich pisani je zmysel, avSak na prvy pohl'ad ich pouzitie méze vyzerat
komplikovane. VHDL jazyk nie je ,,case sensitive®, to znamena ze AbCdE je ekvivalentné ku
aBcDe.

Postup:

1. Vytvorenie projektu v Quartuse II
a. Otvorit’ Quartus II

b. Horné menu: File: New Project Wizard
New Project Wizard: Introduction El

The Mew Project Wizard helps you create a new project and preliminary project settings. including the

Following:

* Project name and directony

* Mame of the toplevel design entity
* Project files and libraries

* Target device family and device
> EDA tool settings

You can change the settings far an existing project and specify additional project-wide settings with
the Settings command [Assighments menu]. You can use the various pages of the Settings dialog box
to add functionality to the project.

™ Don't show me this introduction again

| Mewt > Stormo

c. Next>



d. Vyplnit podl'a screenshotu. Projekt umiestnite na D:\ a nazvite BCD2SEG

e.
f.

g.

h.

New Project Wizard: Directory, Name, Top-Lewvel Entity [page 1 of 5]

‘what iz the warking directory for this project?
|D:\ZMAZAT\BCD2SEG

‘what iz the name of thiz project’?

[BCDZSEG ;.

‘what iz the name of the top-lewvel dezign entity for this project? This name iz case senzitive and must
exactly match the entity name in the design file.

BCDZSEG ;.

Usze Existing Project Setftings ...

< Back | et = | Finish Starno

Next>
Next>
Vyberte ¢ip EPM3064ATC44-10

New Project Wizard: Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

Show in ‘Available device' list

(el Package: Ay -
Target device - x
. . k: g =
" Auto device selected by the Fitter I e Y
{* Specific device selected in ‘Available devices' list Speed grade:  |Any >

v Show advanced devices

-
Available devices:
Mame | Care v... | Macro... | fad
EPM30324TC44-7 W a2
EPM30324TC44-10 W 32
EPM30324T144-10 3 32 =
EPM 306441 C44-4 e 64
EPM30E44LCA4-7 a B4
EPM20E44LC44-10 ke B4
EPM3I0E44TC44-4 ke B4
EPM3I0E44T C44-7 ke B4
EPM30E44TC44-10 kel G4
FPRANRAAT C1NN-4 3 Rd b
|—

< Back | Mext > | Finizh Starno

Next>

!

!



i. Vyberte ModelSim-Altera (pre Web Ediciu Quartusu a ModelSimu — to ¢o
mate doma) alebo ModelSim (pre Skolskl ediciu) ako externy EDA simuldtor
MNew Project Wizard: EDA Tool Settings [page 4 of 5]

Specify the other EDA tools - in addition to the Quartuz || softvare -- used with the project.

Diesign Entry/Synthesiz

Toal name: |<None>

-

Simnulation

Tool name: |Model8im-ﬂltera ﬂ

<Mone:
Fomat: | Active-HDL

I” Run gatq tdod

Tirning Analy WES

Tool name: | Custom

=
-

< Back | Mewt > | Finish Starno
J.  Next>
k. Finish

2. Napisanie VHDL kddu pre prevodnik BCD na 7-segmentovy displej
a. Horné menu: New: File: VHDL File

Device Dezign Files ] Other Files ]

AHDL File

Block Diagram/Schematic File
EDIF File

SOPC Builder Spstem

State Machine File

Veriloi HOL File

ak. | Caticel

b. OK
c. Opiste kod:

library ieee;
use ieee.std logic_1164._all;



entity BCD2SEG is

port(
dip_sw : in std _logic_vector (3 downto 0);
display : out std logic vector (6 downto 0)

end BCD2SEG:

architecture arch of BCD2SEG is

begin
with dip_sw select
display <=
''0000001" when "1111",
1001111 when "1110",
''0010010" when "'1101",
''0000110" when "'1100",
'1001100" when "1011",
''0100100" when "1010",
''0100000" when "1001",
''0001111" when "'1000",
'*0000000" when "0111",
''0000100" when "0110",
''0001000" when "0101",
"'1100000" when "'0100",
'"1110010" when "'0011",
''1000010" when "'0010",
''0110000" when "0001",
''0111000" when "0000",
"1111111" when others;
end arch;

d. Subor uloZzime: Horné menu: File: Save As: BCD2SEG.vhd
e. Analyza kodu: kniZnice. Na zaciatku kodu je nutné uviest’ kniznice, v ktorych

su definované napr. typy signalov, ktoré nie st Standardne zahrnuté vo VHDL:
library ieee;
use ieee.std_logic_1164.all;

Budeme pouzivat kniznicu IEEE (Institute of Electrical and Electronics

Engineers). Z nej pouZzijeme definiciu Standardne;j logiky
»eee.std logic 1164 (viac na prednaske). Tuto kniznicu budeme pouzivat
vzdy.

f. Analyza kodu: entita. Entitu si m6Zzeme predstavit’ ako elektronicku logicku
suciastku (alebo integrovany obvod), ktord ma svoje meno, vstupy a vystupy.
Tento popis musi obsahovat’ kazdy VHDL kod, ktorym popisujeme hardvér,

pre syntézu v CPLD alebo FPGA.
entity BCD2SEG is
port(
dip_sw : in std_logic vector (3 downto 0);
display : out std _logic vector (6 downto 0)

):
end BCD2SEG;
g- Analyza kédu: std_logic_vector. Oznaluje typ - zoskupenie bitov

Standardnej logiky. Typ std_logic_vector sa pouZziva pre syntézu logiky. Iny
typ je napr. integer.



h. Analyza kédu: (3 downto 0). znamend ze sa jednd o4 bitovy vektor
s prisluSnym radenim bitov.

i.  Analyza kédu: architektira. Vo vnutri architektary bude popis logiky, ktora
bude syntetizovand. Aj ked” VHDL umoziiuje pouzitie viacerych architektur,
v ramci jedného VHDL suboru, vzdy budeme pouzivat’ len jednu. Riadok ,,end
arch je poslednym riadkom v subore a zvySny syntetizovatelny koéd budeme
pisat’ medzi ,,begin® a ,,end arch®. Nad begin sa piSu deklaracie komponentov

a signalov, ale o tom neskor...
architecture arch of BCD2SEG is

begin

end arch;

j- Analyza koédu: kombinacény obvod. Jednd sa o prepina¢ (koder). V tomto
pripade prepina¢ pouzijeme na implementaciu pravdivostnej tabul’ky. Prepinac
je mozné popisat’ viacerymi spdsobmi pouzitim syntaxe VHDL. Jeden z nich
je:

with dip_sw select
display <=
""0000001" when "1111",
'"1001111" when "1110",
'"0010010" when ""1101",
''0000110" when '1100",
'"1001100" when '1011",
'"0100100" when "'1010",
""0100000" when "1001",
'"0001111" when "1000",
''0000000" when 0111,
''0000100" when 0110,
""0001000" when "'0101",
'"1100000" when "'0100",
'"1110010" when "'0011",
1000010 when 0010,
''0110000" when 0001,
'"0111000" when "'0000",
1111111 when others;

3. Kompilacia a priradenie pinov
a. Projekt skompilujeme: Horné menu: Processing: Start Compilation



b. Priradime piny: Horné menu: Assignments: Pin Planner

¥ Quartus Il - D:/ZMAZAT/BCD2SEG/BCD2SEG - BCD2SEG - [Pin Planner]

File Edit Yiew Processing Tools Window
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1/ G| >
¥ Named: [T ] ol Edit 3| | [PIN_as Fiter. [Pins: all |
Node Mame Direction Location Reserved Group
1 B dip_sw[3] Input PIM_31 dip_sw[3..0]
2 B dip_sw[z] Input PIN_33 dip_sw[3..0]
3 I dip_sw1] Input PIN_34 dip_sw[3..0]
4 I dip_sw[0] Input PIN_35 dip_sw[3..0]
5 L display[6] Qutput PIN_2 display[&..0]
=] L display[S] Qutput PIN_3 display[&..0]
7 L display[4] Qutput PIN_S display[&..0]
g L display[3] Qutput PIN_& display[&..0]
9 L display[2] Qutput PIN_42 display[&..0]
10 L display[1] Qutput PIN_43 display[&..0]
11 L display[0] Cutput display[6..0]
1z s TCK Input
13 I TOI Input
14 oF  TDO Cukpuk
15 o TMS Input
|16 <<new node >
o
= I >

For Help, press F1

c. Projekt skompilujeme: Horné menu: Processing: Start Compilation

4. Funké¢éna a ¢asova simulacia v simulatore Quartusu I1
a. Vytvorenie stimulu graficky: Horné menu: File: New: Other Files: Vector
Waveform File
New

X

Device Design Files  Other Files I

AHDL Include File

Block Symbol File

Hexradecimal [Intel-Format) File

Chain Degcription File

In-Spstem Sources and Probes Editor File
Logic Analyzer Interface File

tdemory Initialization Fie

SignalT ap Il Logic Analyzer File
Synopsyz Design Constraintz File

Tl Sciript File

Cancel

OK



R Quartus Il - D:/ZMAZAT/BCD 2SEG/BCDZSEG - BCD2SEG - [Waveform{ .vwif]

File Edit Wiew Project Tools Window

c J|For Help, press F1

@ Master Time Bar: | 11.425ns 4| | Painter: BO0 pz Interval: 10.83n:  Start: End:
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d. Pravym tlaCidlom klikneme do oblasti pod Name: Insert:

Insert Node or Bus

X

Mame: |

Tupe: [INPUT

(] |
Cancel

Walue type: |9-Leve|

[~
[~

Mode Finder...

Radix: [ascil

[~ |

Buswidth: |1

Start index: |D

I Display gray code count as binary count

f. Kliknat na Node Finder

Named: [§

| Fiter: [Pins: ol

~| Customize List

Look in: | EISBEEEE]

=] .| ¥ Includs suberties  Siop

Modes Found: Selected Nodes:
Mame Assignments | T Name Assignments | T
=
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Node Finder @
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Cancel

g L
h. Kliknat na List

Insert Node or Bus...
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I dizplay[3] Unassigned  C

2 display[4] Unassigned T _<J

I display[5] Unassigned  C LJ

I dizplap[E] Unaszzigned  C

& » &

T Quartus Il - D:/ZMAZAT

Vyberieme piny podl'a obrazku hore
OK
OK

25EG/BCD2SEG - BCD2SEG - [Waveform2.
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Nastavte hodnoty ako na obrazkoch hore



0 Quartus Il - D:/ZMAZAT/BCD2SEG/CD2SEG - BCD2SEG - [Waveform 2. vwf

Eile Edit Yiew Project Tools Window
@ Master Time Bar 11.425 ns 4| »| Painter. 47833 ns Interval 46691 ns Start: End:
lk A Value Ops 800ns 1600ns 2400ns 3200ns 4000ns 46800ns S600ns G400ns 7200ns 8000ns 8800ns 9600 ns‘
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r For Help, press F1

s. Subor ulozit’ ako BCD2SEG.vwf
t. Processing: Simulator Tool

4, Quartus || - D:/ZMAZAT/BCD2SEG/BCD2SEG - BED2SEG - [Simulator Tool]

@.E\Ia Edit  Wiew Project Assignments Processing Tools Window Help -8 x
D@ |pcDzsEG S R a8 A e
S e “* & Simulator Tool | 1R wavefoml v | & Compilstion Rep... | € BCD2SEGwhd |
Enrtity | Macrocels | Pins |
ME&X30004: EPM30644TC44-10
L...ibd BCDZSEG 7 15 Simulation mode: Generate Functional Simulation Netlist |

wHD

Simulation inpul: |B|:D2SEE wf Add Multiple Files...

Simulation period

* Run simulation until all vector stimuli are used

" End simulation at

Simulation optians
v Automatically add pins to simulation output waveforms

[™ Check outputs

-
r I

[ Owemwite simulation input file with simulation results

_'@Hielamhy ] Files | &7 Design Units J

™ Generate Signal Activity Fil: ‘

5

Status . x .
Moduls | Progress 7 | Time & | B e i ‘
Full Compilation 00:00:12
Analysis & Synthesis 00:00:03
Fitter 00:00:02 00000
Assembler 00:00:03
Classic Timing Analyzer 00:00:02 > Stat | @- Open |
EDé Metlist ‘wiriter 00:00:02 =

*| Type ‘Hessage

jJJ Info: Started Full Compilation at Mon Oct 06 23:46:32 2008 Stfedni Evropa (b&Eng cas)

j) Info: Ended Full Compilation at Mon Oct 08 23:46:44 2005 Stiedni Evropa (béiny cas)

j,’ Info: Wector f£ile BCD23EG.vwf is saved in text format. You can compress it into Compressed Vector Waveform File format in

< >
System [3])‘ Processing [31] )\ Extra Info )\ Info [30] f\ ‘wharning (1] }\ Critic:al " aming f\Errm )\ Suppressed AF\ag/

fmmeoas 2| 8] I

Faor Help, press F1 Idle
Zvolit: Simulation Mode: Functional
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- [Simulation Report - Simulation Waveforms]
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@ Quartus 1| - D:PRATATCDISTGACDZSEG - BEDISEG - [Simulation Repert - Simulation Waveforms]
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[ Display gray code count a3 binary count

ok I Staormo |

ff.




5. Napisanie VHDL test benchu

a. Pomocou VHDL test benchu vieme vnutit' (okrem iného) signaly na vstup
testovaného projektu. V tomto projekte sa zameriame len na generovanie
testovacieho signalu priamo v kdéde, avSak moznosti st podstatne SirsSie.
Testovany projekt budeme ozna¢ovat DUT (Design Under Test).

b. Vypis kédu:

library ieee;
use ieee.std logic_1164._all;

entity stim BCD2SEG is
end stim _BCD2SEG;

architecture stim of stim BCD2SEG is

component BCD2SEG is
port(

dip_sw :

);

end component;

signal stim _data
signal out _data

begin

the_BCD2SEG: BCD2SEG
port map (

dip_sw =>

stim_data,

display => out_data

stimulus: process
begin
stim _data <= "1111";
stim_data <= "1110";
stim _data <= "1101";
stim _data <= "1100";
stim _data <= "1011";
stim_data <= "1010";
stim_data <= "1001";
stim_data <= "1000";
stim _data <= "0111";
stim _data <= "0110";
stim_data <= "0101";
stim_data <= "0100";
stim_data <= "0011";
stim_data <= "0010";
stim_data <= "0001";
stim_data <= "0000";

end process
end stim;

stimulus;

wailt
wait
wait
wailt
wailt
wailt
wait
wait
wailt
wailt
wailt
wait
wait
wailt
wailt
wait;

in std_logic_vector
display : out std_logic_vector (6 downto 0)

for
for
for
for
for
for
for
for
for
for
for
for
for
for
for

(3 downto 0);

std_logic_vector (3 downto 0);
std_logic_vector (6 downto 0);

50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;
50ns;



Analyza koédu: entita. Entita vtest bechnoch nikdy neobsahuje vstupné
a vystupné porty nakolko vSetky signaly st generované a vyhodnotené v ramci
tejto entity.

entity stim_BCD2SEG is

end stim_BCD2SEG;

. Analyza kédu: component. Toto je VHDL syntax pre deklaraciu d’alej
pouzivaného komponentu (kédu ulozeného v inom subore, ktory reprezentuje
urcity funkény blok s prisluSnym vstupom a vystupom). Porovnajte s bodom
2.f — je to presne takd ista syntax, ako v popise entity funkéného bloku
(BCD2SEQG), len s takym rozdielom, ze namiesto entity je pouzité klacové
slovo component.

component BCD2SEG 1is

port(
dip_sw : in std_logic_vector (3 downto 0);
display : out std logic_vector (6 downto 0)
)

end component;

Analyza kédu: signaly. Dalsia $tandardna suéast jazyka VHDL st signaly.
Deklaruju sa klI'icovym slovom signal. Signal je moZné predstavit’ si ako
drét, ktorym st prepojené dva funkEné bloky, alebo ako register. Syntax: za

signal sa piSe meno signalu, za dvojbodku typ signalu.
signal stim data : std logic_vector (3 downto 0);
signal out_data : std_logic vector (6 downto O);

Ak pouzivame signaly v test benchi, budu implicitne zobrazené v grafickom
vystupe ModelSimu.

Analyza kédu: InStanciacia. Po slovensky ,,inStancidcia“ znamend pripojenie
deklarovaného komponentu do dizajnu. Jeden komponent mozeme
inStanciovat’ aj viackrat, avSak, s inym ndzvom. Takto pripojime DUT do test
benchu:
the_ BCD2SEG: BCD2SEG
port map (
dip_sw => stim_data,
display => out_data

)
Syntax:
Nazov_InStanciacie: meno_komponentu
port map (

port_komponentul => deklarovany_signall,
port_komponentu2 => deklarovany_signal2,
port_komponentu3 => deklarovany_signal3

);

Analyza kédu: Generovanie testovacieho signalu. Testovaci signal bude
generovany sekven¢ne. Kazdych 50 ns sa poSle na vstup BCD2SEG urcita
postupnost’ bitovych S$tvoric. Vystup BCD2SEG bude zobrazeny graficky
v ModelSime. Cely algoritmus generovania testovacieho signdlu je ,,obaleny*
processom. Process je dalsi dolezity prvok jazyka VHDL. Prevazne ma
spojitost’ so sekvencnou logikou v popise syntetizovatelného hardvéru alebo
s generovanim  signdlov vtest benchoch. Processy budil detailnejSie
analyzované na cviCeniach, ktoré budu zamerané na popis sekvencnej logiky.



stimulus: process
begin
stim _data <= "1111"; wait for 50ns;
stim_data <= "1110"; wait for 50ns;
stim_data <= "1101"; wait for 50ns;
stim_data <= "1100"; wait for 50ns;
stim _data <= "1011"; wait for 50ns;
stim _data <= "1010"; wait for 50ns;
stim_data <= "1001"; wait for 50ns;
stim_data <= "1000"; wait for 50ns;
stim_data <= "0111"; wait for 50ns;
stim _data <= "0110"; wait for 50ns;
stim _data <= "0101"; wait for 50ns;
stim_data <= ""0100"; wait for 50ns;
stim_data <= "0011"; wait for 50ns;
stim_data <= ""0010"; wait for 50ns;
stim_data <= "0001"; wait for 50ns;
stim_data <= "0000"; wait;
end process stimulus;
end stim;

Vytvorte novy stbor v Quartuse II, a hore popisovany kéd do neho skopirujte.
Stbor pomenujte stim BCD2SEG.vhd

Ako si predstavit’ takéto prepojenie VHDL kédov? Pouzijem analdgiu
s meranim VA charakteristiky ziarovky. Na to, aby sme odmerali VA
charakteristiku Ziarovky potrebujeme regulovatel'ny zdroj napitia, ampérmeter,
voltmeter, kable a ziarovku. Pri ré6znom napdjacom napéti, bude tiect’
ziarovkou rozny prud a Ziarovka bude mat rdzny svit. Ziarovka = DUT =
BCD2SEG.vhd; Zdroj napitia = stim  BCD2SEG.vhd; miera svitu ziarkovky a
udaje zmeracich pristrojov = graficky vystup z ModelSimu; voltmeter
a ampérmeter = ModelSim; Meracie kable = signal stim_data a signal
out_data (5.e); Svorky na pripojenie Ziarovky (5.d) a (2.f); Gombiky pre
nastavenie napétia na zdroji (+ obsluha) = stimulus: process (5.g); VA
charakteristika ziarovky (resp. zéavislost jej svitu od velkosti prudu) =
pravdivostna tabul’ka prevodnika.

AKko si vizualne interpretovat’ takéto prepojenie VHDL kédov?



entity stim BCD2SEG is

. end stim BCD2SEG;
stim_BCD2SEG.vhd - —_
component{ﬂCDZSEG'is
port(
dip_sw inlstd logic vector (3 downto 0);

display : oufl std logic wvector (6 downto 0)
)i

end component;

signall stim dat std logic vector (3 dow

signal [out_dataMia éEfL; ~vector (6 downto 0);
begin \__\_‘__

the BCD2SEG:|BCD2SEG ﬁ

i
imulus: process

S
/begin
\ { stim_data <=

wait for Sﬂn%
wait for S0ng
wait for 50ng
wait for 50nsh
wait for 50ns
wait for 50ns}
wait for 50ns;
wait for 50ns;
wait for 50ns;
wait for 50ns;:
wait for Sﬂns:\
wait for 50ns; ||
wait for 50ns; \

stim data <=
stim data <=
stim data <=
stim data <=
stim_data <=
stim_data <=
stim data <=
stim data <=
stim data <=
stim data <=
stim data <=
\stim_data <=

tim data <=

tim data <=
\_sStim data <=
stimulus;

wait for 50ns;
wait for 50ns;

3} wait; \
\
i

entity BCD2SEC ]Ls

i} sitd logic_wvector (3 downto 0);
uk ktd_logic_vector (& downto 0)

when "*1111"%,
"1001111" when "1110",
"0010010" when "1101",
"0000110" when "1100",

"1001100" when "1011",
"0100100" when "1010",
"0100000" when "1001", //,//
"0001111" when "1000",
"poooooo” "O11A™. /’I
"oooo100" en "011( ,///
"0001000" when "0J}M1",
"1100000" when (
"1110010" "ogEl”,
"1000010" ngoiov,
"0110000% "ooo1l",
"011100 "oooo",

L By 1" #hen others;

|| wave - default

| BF [ 100ps 4 [ &1 34

1101 1 iRl pAINN]

0070070 i i 11007100 ) i 107 00000 TOGa7 131

| 100962 ps o 546402 ps [ Now: 1 us Delta: 0




6. Konfiguracia prostredia Quartus II pre spustanie simulacie v ModelSime
a. Zadame cestu k modelsim.exe: Horné menu: Tool: Options: General: EDA
Tool Options; Dvojklikom na ModelSim-Altera (pre domacu instalaciu) alebo
na ModelSim (pre Skolsku inStalaciu) a naslednym kliknutim na ,,...*“ zadame
cestu k modelsim.exe
Options 3]

Categary,

= General A~
EDA Tool Options
Intemet Connectivity 1~ Mativelink options-
License Setup
Processing
Gilobal User Libraries (&l Projes EDA Todl | Location of Executable
=I- Assighment E ditor LeonardaS pectrum < double-click to change path »
Colors Precision Synthesis ¢ double-click to change path »
Faorts Synplify < double-click to change path »
= Black/Symbol Editar Synplify Pra < double-click to change path »
Active-HDL < double-click to change path »
Colors MaodelSim < double-click to change path »
Fants ModelSim-4ltera D:\alterah F2sp3vmadelsim_ashwind2...
=1 Chip Planner MCSirm < double-click to change path >
Colars
Forts
LogicLock Regions Window
= Memary Editar
Forts
= Messages
Suppression
Colars =
Forts
= Metlist Viewers
RTL Viewer I Use MativeLink with a Synplify/Synplify Pro nodedocked license
Colars
Forits
Fitr Plariner
Forts
Programmer
Report Window
Colars
Forts

Specify the location of the MativeLink executable for each third-party EDA tool:

|2

I3
|

Cancel
b.

c. Nakonfigurujeme nastavenia pre simuldciu: Horné menu: Assignments: EDA
Tool Settings: Simulation; Naklikat’ parametre podl'a nasledujiceho obrazku:
Settings - BCD2SEG

Categary
General
Files
Libraries Specify options for generating output files for use with other EDA tools
Device =
+ Dpera.t\n.g Settings and E.ondlllons Toolname: |ModelSimAltera Li
Compilation Process Settings
[ EDA Tool Settings I~ Run gate-level simulation automatically after compilation
Design Entm/Synthesis -
Simulation EDA Metlist ‘Writer options
Timing Analysi -
ming na.‘?SIS. Format for output netlist |WHDL - ime scale: r
Forrnal Yerification
Physical Synthesis Output directory: 1D:\ZMAZAT\ECD2SEG
Board-Level )
Analysiz & Synthesiz Settings I E
; Fitter Settings Dptions for Pawer E stimation
- Timing Analysis Settings | Generate Yalue Change Dump [WCD] fle script
- Arzsembler
Design Assiztant Dizsiarn instance rarm: l

SignalTap Il Logic Analyzer

Logic Analyzer Interface -
1= Simulator Settings Mare Settings...
: Sirnulation Y erification =
Simulation Output Files “MativeLink settings

PowerPlay Power Analyzer Settings  Mone
& Comple test bench: | stim BCD25EG ~| Test Banches...
I~ Use script to set up simulation: I
" Script to compile test bench: I .

Reset

d Cancel
e: Kliknite na tlac¢idlo Test Benches...




Test Benches E

Specify zettings for each test bench.

E xisting test bench settings:

Mame Top level module | Design Instance | Runfor | Test bench file(s] Mew..

0

QK | Cancel |

=H

Kliknite na tla¢idlo New... a formular vyplnte podla:

New Test Bench Settings

Create new test bench settings.

Test bench name:

Top level module in test bench: |Stim_BED25EG

Design instance name in test banch: |lhB_B CD25EG

Simulation period
" Run simulation untl all vectar stimul are used

& End simulation at; |1 us -

Teszt bench files

File name: | J

File name Library HOL “Yersion
stim_BCD25EG. vhd Default

[EEEE

ak Caticel

OK
OK
OK

St

7. Funkéna a ¢asova simulicia v ModelSime
a. Po kaZzdej zmene v projekte je nutné projekt ulozit' prekompilovat’ pred
simulovanim. Kompildcia: Horné menu: Processing: Start Compilation
b. Spustime funként simuléciu: Horné menu: Tools: EDA Simulation Tool: Run
EDA RTL Simulation



ﬁ wave - default

File Edit Yiew Insett Format Tools  Window

R R TR

| 229167 ps to 674607 ps [ Now: 1us Delta: 0

c. Spustime ¢asovu simulaciu: Horné menu: Tools: EDA Simulation Tool: Run
EDA Gate Level Simulation

7] wave - default E]@

File Edit Wew Insert Format Tools Window

EX T

| 227564 ps to 673004 ps [ Now: 1us Delta: 0

8. Konfiguracia dosky
a. Horné menu: Tools: Pro

rammer

W Quartus Il - D:/ZMAZAT/BCD2SEG/BCD2SEG - BCD2SEG - [BCD2SEG.cdf*]

File Edit Processing Tools ‘Window

:Ea Hardware Setup...| | USB-Blaster [USE-0] Mode: |ITAG | Progess: 0%

[” Enable real-time ISP to allow background prograrmming [for MAK || devices)

Program/

Security
Conligure i

Bit

Usercode Examine

FFFFFFFF

Checksum

Wi Start

:
*Fﬂ Auto Detect
> Delete
& Add File..
i Change File...
| Rz
2 dd Device...
fu |
g < >

b. For Help, press F1
c. Start
d. Odskusat’ na doske, ¢i dizajn funguje.




