vaja 01

Uvod: jezik VHDL in orodje
Xilinx Vivado

Digitalno nacrtovanje - laboratorijske vaje
asistent: Nejcllc



Potek vaj

opisovanje digitalnega sistema z jezikom VHDL

osnovno delo s perifernimi napravami (stikala, gumbi, LED, 7-segmentni
prikazovalnik, ...)

* vkljucitevin povezovanje CPE PicoBlaze

e jzdelava krmilnika za UART

* delo naseminarskinalogi

* Tedenskiizzivi
 navajahrazlozimonavodila
« oddajaresitevnaspletnoucilnico Resevalec izzivov

.




Jezik VHDL

 VHDL = VHSIC Hardware Description Language
* VHSIC =very-high-speed integrated circuits
* Visokonivojski jezik za opisovanje in simulacijo digitalnega vezja

* Opis v VHDL bomo sintetizirali in programirali "programirljivo
polje vrat" (FPGA)



Orodja

« Razvojno okolje Xilinx Vivado ML Standard Edition (brezplacno)

« Razvojna plosca Digilent Nexys
* Nexys A750Tin100T
* (Nexys4inNexys4 DDR)



Opis osnovnegagradnika

2. Opisemo delovanje gradnika
(kaj "pocne" s signali)
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1. Opisemo zunanje signale
(vhod/izhod)



Opis zunanjih sighalov

entity ime_gradnika 1is
4 ) port(
ime_signala 1 : smer tip_signala;
ime_signala 2 : smer tip_signala;

a —> Gradnik > b

ime_signala n : smer tip _signala
\ y E
end ime_gradnika;

entity Gradnik is

port( * Smer:
a: in std logic; in | out | inout
b: out std logic - Tipsignala:
); std logic | std _logic_vector()

end Gradnik;



Opis zunanjih sighalov: primer
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entity Gradnik is
port(
a: in std logic vector(1l downto 9);
b: in std logic vector(e to 3);
c: out std logic vector(7 downto 0)
)

end Gradnik;



Opis delovanjagradnika

architecture ime_opisa of ime_gradnika is
-- deklaracija notranjih signalov

begin
-- stavkl za opis vezja

end ime_opisa;



Deklaracija notranjih signalov
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architecture ime_opisa of ime_gradnika is
signal 1ime_signala: tip signala;

begin



Prireditvenistavek

e Sintaksa

signal <= 1izraz;

* Primeri
Prireditev konstante:
a <= '0';

Prireditev konstante za vektor:
b <= "01001";

Prireditev delu vektorja:
c(3 downto @) <= "0111";



Prireditvenistavek: primer
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entity vrata is

port(
a: 1in
b: in
c: out
d: out
e: out
)5

end vrata;

std logic;
std logic;
std logic;
std logic;
std logic



Prireditvenistavek: primer

4 A architecture arch of vrata is

T ‘ >C begin

-- osnovnl logicni operatorji:

— -- and, nand, or, nor, Xxor,
—d -- Xnhor, not
C <= a and b;
J

d <= a nand b;
"€ e <= a or D ;
end arch;




Pogojniprireditvenistavek

* Sintaksa

signal <= izraz_1 when pogoj 1 else izraz 2;

signal <= izraz_1 when pogoj 1 else
izraz_2 when pogoj 2 else

izraz_3;

* Pogojni operatorji:
* enako, ni enako =, /=
« veCje, manjse, .. >, <, >=, <=



Stavek "with-select"”

e Sintaksa
with izbira select izhod <=
izraz_1 when vred 1,

izraz_ 2 when vred 2,
izraz_dfl when others;

* Nastonakajspominja?



Povezovanje zunanjih signalov
na fizicne prikljucke (pine)

* Predsintezo je za glavni (top-level) gradnik potrebno dolociti,
kam naj bodo povezani zunanji signali

* Primer: ain b sta stikali, ¢c,din e padiode LED

« Todolocimo v datoteki XDC (Xilinx Design Constraints)

Sintaksa
set_property -dict {PACKAGE_PIN J15 IOSTANDARD LVCMOS33} [get_ports {a}];
# vektor
set_property -dict {PACKAGE_PIN R18 IOSTANDARD LVCMOS33} [get_ports {c[9]}];
set _property -dict {PACKAGE_PIN V17 IOSTANDARD LVCMOS33} [get ports {c[1]}];

Oznako pina najdete vdokumentaciji razvojne plosce ali neposredno na plosci.
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Oznake prikljuckov na razvojniplosci
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Xilinx Vivado: nov projekt E——

Create a new source file and add it to your
project.

¢ MNew Project

1. Flle —> Project —> New Filetype: @ VHDL v

S File name: hello

Specify HOL, netlist, Block Design, and IP files, or directories
project. Create a new source file an disk and add it to your pni File location: | » =Local to Project= W

2. Dolociteime projekta

] ] '::':?::' Cancel
(Projectname)in mesto +, |

Index Mame Library HOL Source For Location

Na d |Sku (PI’OJeCt lO Cat| On) o 1 hellovhd  xil_defaulti ~ Synthesis & Simulation  ~  <Local to Proje

3. lzberite RTL Project e > |

Add Files Add Diirectories Create File

4. Dolocite/ustvarite
datoteke zizvornokodo
(izberite jezik VHDL)

Target language: | WYHOL w Simulator language: | YHDL w

(?) = Back Mext = Cancel




Xilinx Vivado: nov projekt

5. Dolocite/ustvarite
datoteko XDC za

povezovanje pinov

* naucilnici so povezave do
ze pripravljenih predlog

[ ¢ Create Constraints File

Create a new constraints file and add it to

#  Mew Project your project
Add Constraints (optional) | Fite pe:
Specify or create constraint files for physical and timing const

File name:
File location:
+, ©
Constraint File  Location
nexysA7 xdc =L ocal to Project=
Add Files Create File
Copy constraints files into project
) < Back Next

" xpe A

nexysA7

s <=Local to Project= A
Cancel

Cance




Xilinx Vivado: nov projekt

6. lzberite cip FPGA

* Nexys4,
Nexys4 DDR in
Nexys A7100T:
Xc7al100tcsg324-1

* Nexys A7 50T:
Xc7a50tcsg324-1

7. Next
8. Finish

’

Mew Project

Default Part

Choose a default Xilinx part or board for your project.

Parts | Boards

Feset All Filters

Category: | All “ Package: | csg3zd “
Family: Artix-7 “ Speed: -1 w
Search: L
Part /O Pin Count  Available 10Bs
x¥Ccralbtcsgl2d-1 324 210
¥C7albtcsgl2d-1 324 210
¥cfabltcsg324-1 324 210
¥Crarhtcsg3z4-1 324 210
¥c7al00tcsg3z24-1 324 210
<

Temperature:

Static power:

LUT Elements
10400
20800
32600
47200
63400

All Remaining  w

All Remaining  w

FlipFlops  Block F
20800 25
41600 50
65200 75
94400 105
126800 135
>
Cancel
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1. Ustvarite prvi projekt in opisite gradnik v VHDL, ki bo prizigal
oziroma ugasal diodo LED glede na stanje stikala.

2. Opisite primerjalnik dveh stiri-bitnih stevil
« vsako stevilo najbo predstavljeno s stirimi stikali

« rezultat primerjanja prikazite z diodami LED
izhod = 2 = 10, kojeprvostevilovecje
izhod = 1 = 01, kojeprvostevilomanjse
izhod = @ = 00,, ko stastevilienaki
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