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argyalt ismeretkorok
3. eloadas

l.) Xilinx Vivado fejleszt6 kornyezet,

1) Xilinx Vivado Simulator - integralt szimulator
hasznalata.




—

VIVADO!

Rovid altalanos ismertetés

|. XILINX VIVADO DESIGN SUITE
(2020.1)
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Felhasznalt irodalom:

. Xilinx Vivado Design Suite:

— http://www.xilinx.com/products/design-tools/vivado.html

. Vivado Design Suite User Guide (UG910):

—  https://www.xilinx.com/support/documentation/sw manuals/xilinx2018 3/ug910-vivado-
getting-started.pdf

. Xilinx Vivado DS design flows (UG892):

— https://www.xilinx.com/support/documentation/sw manuals/xilinx2019 2/ug892-vivado-
design-flows-overview.pdf

e [ Xilinx Vivado simple tutorial (Nexys-4):

—  http://www.xilinx.com/support/documentation/university/Vivado-Teaching/HDL-
Design/2013x/Nexys4/Verilog/docs-pdf/Vivado tutorial.pdf

o & Xilinx Vivavo oktatd anyagok / videdk:

— http://xilinxprod-catalog.netexam.com/
— https://www.youtube.com/user/XilinxInc/featured
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Xilinx Vivado Design Suite 2020.1

Laborokon a Xilinx Vivado Design Suite HLx 2020.1 integralt beagyazott
rendszer fejleszt6 kornyezetet hasznaljuk!

e *Vivado: integralt fejleszt6é kornyezet (IDE), amelyb6l mas
program modulok indithaték, mint pl:

— IP Integrator / IP Catalog — IP magok paraméterezése \/|VADO'
— Source Editor: forraskod szerkeszt§, stb. HLx Editions

e *Vivado Simulator: integralt szimulator

Vivado (~EDK) — Bedgyazott rendszer (firmware) fejleszt6 kornyezete
Timing Analyzer — Id6zitési analizator
FPGA Editor (chip layout, floorplan)

* Hardware manager — Bitstream (FPGA konfiguracio) letolto
program

ChipScope: logikai analizator

* Kovetkezd el6adasokon részletesen targyaljuk és labor gyakorlatokon hasznaljuk




—

Vivado IP integrator / IP Catalog

Paraméterezhetd IP-k (Intellectual Property, azaz un. ,Szellemi termékek”)
adatbazisa, amelyeket kifejezette Xilinx FPGA eszkdzokre optimalizaltak.
Kilonbozb el6re elkészitett funkciok kataldgusa, melyek paraméterei a Vivado
GUI-n keresztil konfiguralhatdak. Ezekbdl szimulalhato, illetve szintetizalhato,
alt. titkositott (encrypted) forrasokat, HDL leirékat generalhatunk, melyek
beépithet6k a FW tervekbe.

A generalhatd IP-k rendkivul sokoldaluak, komplexitasuk az egyszerl FIFO-tol
egészen a memoria vezérlokig, szlrbkig terjedhet. Van kozottik:

~ Legtobb szabadon elérhet§ (freely available), masok

¥ Licensz kotelesek (licensed), de id6korlattal kiprébalhatoak*

Low-level - alap blokkok/ funkciok:
— Komparatorok, szamlaldk, Shift Regiszterek, Alt. Regiszterek, Akkumulatorok
— FIFOs, (soft/hard-core) memoria vezérl6k
High-level - rendszer szintd funkciok:
— Reed-Solomon Dekddold — Kdédold, FIR szlirS, FFT (DSP alkalmazdsokhoz)
— Szabvanyos busz interfészek (PCI™ , PCI-X™ ...)
— Halozati interfészek, osszekottetések (Ethernet, SPI-4.2, PCI ...)
— PCI EXPRESS® mikroprocesszor interfészek
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Xilinx Vivado: Egyszeri példa

e Digilent ZyBo FPGA-s kartyan talalhato LED-ek, illetve

kapcsolok 0Osszekotése (egyelére anélkiil, hogy a VHDL nyelvi
elemeit részletesen targyalnank)

— Feladat: 1 kapcsolo (sw) 6sszekotése 1 LED kijelz6vel (1ed)
e FObb lépések a kovetkezbk:

— 1.) Projekt létrehozasa (Create New project).

— 2.) HDL fileok létrehozasa (ujat), vagy hozzaadasa (mar
meglévot).

— 3. HDL nyelvi szintaxis ellenérzése (Check HDL syntax).

e Xilinx Vivado keretrendszer inditasa:

— Programok — Xilinx Design Tools — Vivado
2020.1

VIVADO! -




4

Vivade 2020.1

Eile

Flow

Tools Window

Vivado — Kezdd képernyd

Help

- Qiick Access

= X

VIVADO'

HLx Editions

Quick Start

Create Project >

Open Project >

Open Example Project >

Tasks

Manage IP >

Open Hardware Manager »
XHub Stores >

Learning Center

Documentation and Tutorials >

& XILINX.

Recent Projects

counterddiv

E BE VIRT FIPARI STKG 2020

ERZ_labor_ 01

FAivado 202001/ERZ labor 7

lab02_a

lab01
FEAhvado 2020

project_1

NVivado_2020.1/pr

project_2_zed
E:xVivado 2019 2/project 2 =
project_1

ExVivado_2012.27pr

traffic_moore_delay_dialight

EZ__PE__{ VIRT_fIPARI_SZKG_2020 Bemutato/peldakftraffic_moore_delay_dialight

project_1

Ex_ _PE [ OKTATAS ERV_MOD_PLD WIB544T/2019_vivadol_ZHk /project

traffic_moor
EX- PE { OKTATAS TERY_MOD_PLD- VIB5447/2018_vivado/E_TMPLD_2018 Vivado/traffic_moore
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1.a.) Projekt létrehozasa

Egy Vivado projekt alapveté informacidkat tartalmaz a forras
fileokrol (pl. HDL, XDC), illetve a hasznalt FPGA eszkozrél (target
device)

e a.) Vivado —» File meni - Project —» NEW (Create
a New project..) — majd pedig Next gomb

New project ablaka jelenik meg. Adjuk meg a projekt nevét

IIIII

- Figyeljlink arra hogy az elérési ut NE tartalmazzon ékezetet és
white-space karaktereket!

- A projekt neve, és majd a HDL forras neve NE kezddédjon
szammal, csak betlivel (de lehet benniik szam).

- LehetGség szerint a projekt neve és a forras(ok) neve legyen
eltérd, a késébbi hibalizenetekben szerepl6é azonositas végett.

Ellenérizze, hogy a ,, Top—1evel” tipus, azaz a legfelsd hierarchia

szinten |évd forras tipusa a HDL (lehet még EDIF/Schematic/NGC/NGO
formatumot is hozzarendelni a projekthez).




1.a.) Projekt létrehozasa

¢ New Project X

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '

=

Project name: |swZled

Project location: FU/TM_2020_Vivado_2020.1

|+ Create project subdirectory

Project will be created at: F/TM_2020_Vivado_2020 1/sw2led

\2) < Back Next = Cancel




1.a.) Projekt létrehozasa (folyt.)

# Mew Project

Project Type
Specify the type of project to create.

N s FRTL Project

implementation, design planning and analysis.

Do not specify sources at this time

You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,

implementation.

112 Planning Project
Imparted Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template.

Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and

Do not specify design sources. You will be able to view partipackage resources.

= Back

RTL project kivalasztasa: mivel
HDL forras fajlt akarunk
késziteni - VHDL nyelven.

Nem adunk hozza forrasokat
(sources).

Cancel




1.b.) Projekt beallitasai
FPGA kartya kivalasztasa

Mame:  All Remaining o

* | (3 matches)

Preview

Yendor
digilentinc.com

digilentinc.com

x |

Fontos az FPGA kartya kivalasztasa
megadasa!

*Fontos: a Zybo kartya tdmogatasdhoz a
Digilent oldalardél a tamogatd csomagot le
kell tolteni, és a megfelel6 helyre masolni!

digilentinc.com

¢ Mew Project
Default Part
Choose a default Xilinx part or board for your project.
N
Parts IBoards
2 Reset All Filters
N’
Vendaor: | digilentinc.com
Search:  ©- zybo
Display Mame
Zybo Z7-20
> Zybao
()
Wi

= Back Mext =

Board Rev. | Latest w
File Version Part
1.0 ¥o7z010clgd00-1 o~
1.0 ¥c7z020clg400-1
20 ¥c7z010clg400-1
wt
’
4
Cancel

* https://reference.digilentinc.com/reference/software/vivado/board-files?redirect=1
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1.c.) Projekt beallitasai
FPGA tipus kivalasztasa (alternativ madszer)

¢ Mew Project *
Default Part
Choose a default Xilinx part or board for your project.
Fontos az FPGA
7 7
1 tipusanak pontos
Parts | Boards megadésal
Feset All Filters -
2 Category: | All w Package: | clg400 w Temperature: | All Remaining
o
Family: Zyng-7000 v Speed: -1 w
Search: hd
Part /O Pin Count  Awvailable I0Bs  LUT Elements  FlipFlops  Block RAMs  Ultra RAMs  DSPs  GE
¥cy¥z007sclg400-1 400 100 14400 28800 50 0 66 0
é/ ¥c¥z010clg400-1 400 100 17600 35200 60 0 a0 0
¥ci¥z014sclgd00-1 400 125 40600 21200 107 0 170 0
¥c7z020clg400-1 400 125 53200 106400 140 0 220 0
< >
\./’
(=)
\ 2 = Back Cancel




1.d.) Osszegzés

¢ MNew Project

New Project Summary

VIVADO!

HLx Editions
' ﬂ Anew RTL project named ‘sw2led” will be created.

ﬁThe default Eart and Ernductfamilyfnrthe new project:

Default Board: Zybo

Default Part: xc7z010clgd00-1
Product Zyng-7000

Family: Zyng-7000

Package: clg400

Speed Grade: -1

i: XI LI NX To create the project, click Finish

\E < Back

Mindig ellenérizzuk le!
ZYNQ xc7z010-1CLG400C-1 =
Xilinx Zyng-7010

N
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| Flow Navigator l Project Manager

¢ swiled - [F/TM 2020 Vivado_2020.1/sw2led/sw2led.xpr] - Vivadd 2020.1

File  Edit /Flow Tools Reports  Window  Laygut  View  Help Q- Quick Access

» B & ¥

ivado GUI

PROJECT MANAGER - sw2led

v PROJECT MANAGER

£} Settings

Sources
Q = /& +

Design Sources

Add Sources
Language Templates
340 P » Constraints

1F IP Catalog w = Simulation Sources
mima A

Hierarchy Libraries Compile Order
¥ IP INTEGRATOR

Create Block Design

Properties

v SIMULATION

Run Simulation

‘ Workplace window
OB X Project Summary
& Overview | Dashboapd
.S
Settings  Edit
Project name: swaled
gk,
Projectlocation: Y
Product family: Zyng-7000
: Project part: Zybo (xcT7z010clg400-1)
_op X S i ol
Top module name: Mot defined
L Target language: VHDL
Simulater language: Mixed

Rnard Part

v RTL ANALYSIS e Log Design Runs
» Open Elaborated Design Q = s %
Mame Constraints  Status WHNS TNS
v SYNTHESIS b synth_1 constrs_1 Mot started
P Run Synthesis impl_1  constrs_1 Mot started
> Open Synthesized D

v IMPLEMEMTATION

P RunImplementation

TPWS  Total Power Failed Routes LUT FF

\

l Result window

Layout selector

FimM_2020_\ivado_2020.1/sw2led

Vivado Synthes|




2. Tervezoi file (HDL) létrehozasa

Itt kell hozzaadni a meglévd, vagy létrehozni egy HDL forras filet.

— a.)File menii + Add Sources. Add or create design sources -—

Hozza kell adni egy uj forrdsfilet. Itta ‘VHDL -t kell kivalasztani. A file
neve legyen ,,sw2led top.vhd”. OK, majd Finish.

— b.) A kovetkez6 ablakban a port neveket lehet megadni, tipusaikkal, illetve busz
szélességlikkel. ,+” a hozzdad3as:
e Port Type/Name/Bus: Input ‘sw’ — nem busz tipus
e Port Type/Name/Bus: Output ‘1 ed’ — nem busz tipus
e Architektura neve maradhat Behavioral (viselkedési). OK.

Az Vivado IDE automatikusan generalja le a VHDL forrasfile tartalmat, amely a headert,

library neveket, entitas deklaraciokat és egy Ures architektura vazat tartalmaz még
csak.

— c.) Alapértelmezettként, az Vivado a kovetkez6 library hozzarendeléseket generalja le :
library IEEE;
use IEEE.STD_ _LOGIC_1164.ALL;

A fenti konyvtar IEEE szabvany, de lehet helyette még alkalmaznia TEEE . STD-LOGIC—
ARITH.ALL, vagy a IEEE.STD-LOGIC-UNSIGNED.ALL konyvtarakatis.

— d.) a szoveges editor hasznalhato a HDL forraskdd szerkesztéséhez,

— e.) Haszlkséges ezek a |épések megismételhetbek, amikor t6bb forrasfilet is hozza kell adni
a projekthez. De ezt akar egy Iépésben is meg lehet tenni.

¥—____A




2.a.) HDL tervezo6i entitas létrehozasa

File menu —> Add Sources —> Add or Create Design Sources +

J  Add Sources >

Add Scurces

VIVADO

HLx Editioms This guides you through the process of adding and creating sources for your project

Add or create constraints

®! Add or create design sources

Add or create simulation sources

& XILINX

[} 7 ] b
Y. Mext > Cancel




2.a.) HDL entitas létrehozasa (folyt)

File menu —-> Add Files —> (Create Source Files

’

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types 1o &

disk and add it to your project.

@ VHDL modul, helyesebben entitas
hozzdadasa. Entitas olyan VHDL
alapmodul, amely blokk nevét
(sw2led_top), portjait, esetleg |

#  Create Source File
1+ paramétereit definidlja, és egyben
Creat file and add itt . . : g :
- R SR REEEE A haszndalhat a hierarchikus tervezéshez.
2 | Eiletype: ® VHDL v
Nt
File name: sw2led_top
File location: | & =Local to Project= b
Add Files Add Directories Qreate File
1
S
\
4
v
{ '7’ = Back | Cancel
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2.b.) Portok megadasa

’

Define Module

Define a module and specify /O Ports to add to your source file.
For each port specified:

MSB and LSB values will be ignored unless its Bus column is checked.

FPorts with blank names will not be written.

Module Definition
Entity name: sw2led_top

Architecture name: |Behavioral

iO Port Definitions

+ - 1t

PortMlame  Direction Bus M3SB LSB
SW in e

led out V

Cancel




2.c.) Generalt HDL forrasfile

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

—— Uncomment the following library declaration if using
—— arithmetic functions with Signed or Unsigned values
—— use IEEE.NUMERIC_STD.ALL;

—— Uncomment the following library declaration if instantiating
—— any Xilinx leaf cells/primitives in this code.

—— library UNISIM;

—— use UNISIM.VComponents.all;

entity swZ2led_top is
Port ( sw : in STD_LOGIC ;
led : out STD_LOGIC );
end sw2led_top;

architecture Behavioral of sw2led_top is

begin
} Ide kerlUlnek a felhasznaldi kddrészletek

end Behavioral;

¥—____A
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3.) Szintaxis/Szintézis ellenGrzés

e A Messages / TCL console / Log ablakok is megjelenitik az
ellen6rzés eredményét (riportoljak az esetleges hibakat, és
figyelmeztetéseket adnak, stb.)

— Hiba/leall a futtatas = @ 3, Figyelmeztetés/tovabblép = @ 2 warnings

e Mindaddig amig hiba van a forrasfile-ban, el kell végezni a
korrekciot és azutan a szintézis futtatasat.

— a. ) Prébaképpen: a begin és end kozotti részre adjuk meg el8szor:

sw <= led; //Ekkor szintaxis hibat kapunk mivel az inputhoz rendeltiik
az output-ot, tehat a portok iranyultsagahoz képest ellentétesen van
h ajtva . [HOL 9-806] Syntax error near "sw”. [sw2led_top.vhd:40]

— b ) Majd prébé|JUk kl [HOL 9-206] Syntax error near "sw™. [sw2led_top.vhd:40]
led <= sw; // Ekkor

e Veégul a HDL forras(ok) szerkesztése utan a Run Synthesis -el
lehet a nyelvi szintaxis ellenOrzést is elvégeztetni.

— a.) Akivant HDL forras kivalasztasa a Sources ablakban
e [+] megjelenithetbk az egyes hierarchia szintek .

— b.) Majd alatta a Project Manager ablakban -> Run Synthesis,

e synth_design completed successfully

¥—____4




3.a.) Szintézis futtatasa

¢ swlled - [E/TM_2019/project_1/swlled/sw2led.xpr] - Vivade 2018.3

Help Q- Quick Access

Eile  Edit

= E

Layout
B a0 B & 2 X

SYNTHESIZED DESIGN - xc7z010clg400-1 (active)

Flow Tools Repaorts Window View

X & »p,

Flow Navigator

~|
Report Noise Sources  x  MNefls Devie its P EIRT
¥4 Schematic a =z £ |+ o
v SYNTHESIS
P Run Synthesis ‘ 1 » - Constraints
] " s Simulation Sources (1
~ (Open Synthesized Design
> sim_1(1
Constraints Wizard 3 Utility Sources
Edit Timing Constraints
" Hierarchy  Libraries Compile Order
# SetUpDebug
Report Timing Summary Source File Properties F =0 &
Report Clock Networks ® sw2ied topyhd 'ﬂ'
Report Clock Interaction Liprary: ¥ll_geraumio | |- -
Report Methodology Size: 1.0KB v
Rupoe LRl General = FProperties
Report Moise

e |

Console | Messages | Log

S : + H

Report Ltilization

% Report Power Q =
 Schematic Mame Direction BoardPartPin Board Partinterface  MNeg Diff Pair
w All ports (2]
b Scalar ports (2]

~ IMPLEMEMTATION

P Run implementation
w| b4

Run synthesis on your project source files

sw2led_top.vhd %

EJTM_2019%project_Vsw2ledisw2led.sres/sources_1new/sw2led_topwvhd
E B X M/ B 2

Q - o

200 entity sw2led_top is

35 Port { sw : in STD LOGIC;

36 led : out STD LOGIC):
end sw2led tops

architecture Behavioral of swl2led top is

41 begin
2. led <= sw;

44 end Behavioral;

Package Pin Fixed Bank |/OStd Veco o Vref

g 73 o iy

Drive Strength

Slew Type

= X

Synthesis Complate

IHQ Planning hd

? W

r |_] | K]

Al

-
>

2 _ OB

o

Pull Type  Off-Chip Terminatic




3.b.) Szintetizalasi hiba

Synthesis Failed

g Synthesis (3 errors)
i [Synth 3-1789] cannot update ‘in° object sw [swZlad_topvhd:42]
@ [Synth 8-1779] cannot read from "out object led ; use "buffer or‘inout’ [sw2led_top.vhd:42]
@ [Common 17-69] Command failed: Vivado Synthesis failed

¥—___A

] e Synthesis failed.

Package % | Device «  sw2led_top.vhd 4
. Next
ETWM_2019project_1isw2ledisw2led. srecsisources_1inewlsw2led_top.vhd
[+] view Messages
Q - s B B X N/ B Q -
I || Dont show this dialog again
34 1) entity swiled top is
35 Port ( sw : in STD LOGIC;
56 led : out STD LOGIC): Cancel
37 end sw2led top;
35 I architecture Behavioral of swZled top is
41 E begin
12 ! bw <= 1ed:
o= "E” Rehawiod Error: cannot update in’ object 'sw* 5 >
Error: cannot read from “out’ object ‘led” ; use "buffer or inout’

Tcl Console Messages »  Log Reports Design Runs Package Pins IO Ports
Q = = T, B o W @ Error(3) [ 1@ Info(12) [ )@ Status (11) Show All




3.b.) Hibak szlirése (Messages
ablak) folyt.

38
"II"II 3% architecture Behavioral of sw2led top is
|40
"E'__J 41 begin
42
Y |43 aw <= led;

L=1=1
£

Tcl Console Messages v Log Rej <\2/ Design Runs Package Pins 'O Ports

(=

Q = = Y, 2@ 0 v @ Eror (3) 0 info (12) @ Status (11) Show Al

-

g aynthesis (2 errors
@ [Synth 8-1738] cannot update 'in’ object sw [swiled_topwhd:42] ‘
@ [Synth 3-1779] cannot read from "out object led ; use "buffer or'inout [swZled topvhd:42]
@ [Common 17-69] Command failed: Vivado Synthesis failed

Linkre kattintassal a hiba helyére
ugrunk a HDL forraskédban.

¥—____A




3. c.) Schematic — kapcsolasi rajz

Szintézis futtatasa utan

Eile Edit Flow Tools Reporis
&, E X
Flow Navigator = W

v SYNTHESIS ~
» Run Synthesis
~  Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
4 SetUp Debug
™ Report Timing Summary
Report Clock Networks
Report Clock Interaction
Report Methodology
Report DRC
Report Moise
Report Utilization

& Report Power

I ¥ Schematic 1
1

v IMPLEMEMTATION
P Run Implementation

» Openimplemented De

v PROGRAM AMD DEBUG

§ii Generate Bitstream

Window  Layout Heip i Quic

LR ¥

SYNTHESIZED DESIGN -xc7z010clg400-1 (active)

Wiew

& p B

Sources
Q = ¢+

Design Sources (1)
@ . sw2led_top(Behavioral) (sw2led_top.vhd)

> Constraints

bd Simulation Sources (1)
» sim_1(1)

> Utility Sources

Hierarchy = Libraries  Compile Order

Source File Properties x Clock Regions 2 _ O 4

@ sw2led topyhd
Liorary:

¥l_gerammo | |-t

Size: 1.0KB

e ——
General  Froperiies

Tel Console Me
Q - -
- -

Direction

~ All ports (2)

Mame Board Part Pin  Board Part Interface

> Scalar ports (2

Neg Diff Pair

Synthesis Complete

110 Planning b

2 | ? X

< S = T el B S O 5 C  2cells 210Pors 3 hets F 3
sw_IBUF inst led OBUF inst
sSW > I I 2 I I o > led
IBUF OBUF

Pins | IO Ports

Package Pin Fixed Bank OStd Veoco

Wref

Pull Type  Of-Chip Terminatic

Drive Strength ~ Slew Type




4.) Felhasznaloi megkotések

(XDC = Xilinx Design Constraints)

File Edit Flow Tools Reparts Window Layout View Help € Synthesis Complete
=, E L. I~ B o B = R « T ) 4 1/ Planning w
Flow Navigator e B SYNTHESIZED DESIGN - xc72010clg400-1 (active) ? X
v SYNTHESIS ™
) Sources ¥ Netlist ints . ackage evice sw2led_lop.vhi Schematic 700
P Run Synthesis
=z | = or | | 4D Z2Cells Z210Pors 3 Nets
~ Open Synthesized Design Q + o QQqll & Cl:z 5 3 ol
v Design Si {1 ~
Constraints Wizard R
@ = sw2led_top(Be pvh
Edit Timing Constraints G Constraints
Sy N Simulation Sources (1
> sim_1 1
Report Clock Metworks > - Utility Sources » sw_IBUF inst led OBUF inst
; | | 0] | | O
Repaort Clock Interaction S 3 led
‘ Jobb gomb (constrs_1) -> | | L
[F] Report Methodology Add S = IBUF OBUF
Report DRC ﬂ ources \
constrs_1 &= o
Report Moise
PR
Report Utilization Default directory: E:M_2019/project_1isw2led/sw2led.srcsico
o
ﬂRepgr{F‘gwer < -L"
General Properties
¥4 Schematic
Tc Reports Design Runs Package Pins IO Ports - B3
v IMPLEMEMTATION q = o
» Runimplementation -
v & B Mame Direction BoardPartPin  Board PartInterface  Meg Diff Pair Package Pin  Fixed Bank WO Std \Vecco  Wref  Drive Strength  Slew Type  Pull Type  OfF-Chip Terminatic
Jpen Implemented Design
' All ports (2)
» Scalar ports (2]
v PROGRAM AMD DEBUG
fi Generate Bitstream ¢ Y




B a0 Meokdtace

.a.) Felhasznaloi megkotések
(Add or create constraints — XDC)

d  Add Sources >

Add Sources

VIVADO'

HLx Editions This guides you through the process of adding and creating sources for your project

1 ® Add or create constraints
N

Add or create design sources

Add or create simulation sources

& XILINX

1 ? ] -3
\ 7 | Mext = Cancel




4.b.) Xilinx Constraint file

(XDC) létrehozasa

[
: ¢ Create Constraints File s
Add or Create Constraints
Specify or create constraint files for physical and { Create a new constraints file and add it to your ﬂ
project
2 XDC = Xilinx Design Constrain
Specify constraint set: constrs 1 {active] File type: I xoC " kiterjesztés (Synopsys

11 |j 3
~ + File name: |sw2led_top ; Szabvany)' ry

File location: = =Local to Project= i
B N’
ﬁddFilESJI Create File I

N

’ Create Constraints file.

S

( 2) < Back et : - Cancel :
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4.c.) Labak hozzarendelése

File Edit Flow Tools Reports Window Layout View Help Q- Quick Atcess Synthesis Out-of-date  details "
=, - E DO X & » B 4 O 0 & X ' 4 : 1/0 Planning v
Flow Navigator o e B SYNTHESIZED DESIGN - xc7z010clgd400-1 (active) ? X

¥ SYNTHESIS “ @ Synthesized Design is outof-date. Constraints were modified. details Reload Close Design
P Run Synthesis
Sour x etiis C T = EH ac D swied_topvhd St vl sw2led_top.xdc X | e Bl
~ Open Synthesized Design
; : Q =/ s |+ =] F-[TM_2010/project_1/sw2led/sw2led srosiconstrs. 1newlsw2led_top xdc
Constraints Wizard
w [ Design Sources (1) i
Edit Timing Constraints ! o - X B || X | i/ M| Q -3
@ . sw2led_top(Behavioral) (swE 3
# Setlp Debug i L ' #5witchss
Conslreris | » | set property -dict { PACKRGE PIN GIS5 IOSTANDARD LVCMOS33 1 [get ports {| sw }1: #70 112y T3 vmEF 25 sch=53
9 Repor Timing Summary 1 constrs_1 (1 Ds
I Swotod top i set property —dict [ PACKAGE PIN M14  IOSTANDARD LVCMOS33 ) [get ports {| led|11; #70 122p T3 35 Sch—iir
Report Clock Metwarks NI - _Sw o _RRARE I W
< >
Report Clack Interaction :
Hierarchy  Libraries Comypiled 2
¥] Report Methodology "
Report DRC Source Fil x Clock F r (m [ ]
s o e 7 4
. ¥ SWO és a LEDO részek bemasolasa a
Report Moise [ sw2led_topxdc o
.- 7 &
Ee = ZYBO Master.xd¢ alapjan (forrasa a
Repaort Utilization
|| Enabled w A =N .
& Report Power (O— 5 _ Digilent GIT-en). Atirni:
) General Properties ¢ 3 I
H schematic SW[O] 9 SW
Tcl Console Messages Reports De Auns D Ports ? 00O
v IMPLEMENTATION LEd[O] - led
» Runimplementation QIZ|® [ + 4 = i b
ot i e Mame Direction BoardPartPin Board Partinterface MNegDiff Pair Package Pin  Fixed th gj'ﬂkﬂllﬂtl anyag f-Chip Terminatic
Jpen Implemented o All ports (2)
» Scalar ports (2] -
v PROGRAM AMD DEBUG
{13 : == . e - -
¥i Generate Bitstream o L€ Digilent ZyBo Fejlesztékartyakhoz (BSP, XDC): >

XDC (FPGA labkiosztas - GIT master): !
Zybo-Master.xdc




File Edit Flow Tools

&, E
Flow Navigator z 8
~ SYNTHESIS

» Run Synthesis

~  Open Synthesized Design
Constraints Wizard
Edit Timing Constraints

4 SetUp Debug

1 Report Timing Summary
Report Clock Metworks
Report Clock Interaction

Report Methodology
Report DRC
Report Noise
Report Utilization

#& Report Power

¥ Schematic

Vv IMPLEMEMTATION

| » Runimplementation |

v PROGRAM AND DEBUG

Jii Generate Bitstream

5.) Implementacio futtatasa

Reporis Window Layout View Help

X

2

s

& b B X O & Z
SYNTHESIZED DESIGN - xc7z010clg400-1 (active)

. 0 Synthesized Design is out-of-date. Constraints were modified. details Reload Close Desiagn

Sour » Netlist | Device 7?7 0O
- A~

Q = | s+ o

v Design Sources (1 i

@ . sw2led_top(Eehavioral) (sws
b4 Constraints (1
W constrs_1 (1
1" sw2led topxdc

- . - . o
Hierarchy  Libraries Compil<
Source Fil x Clock R 2 0o
[ sw2led_top.xdc dm E =3
Size; U2 Ky o
- — - - . - 5
< S

General | Properties

Messages Log

Qi = |5 "+ H

MName Direction BoardPariPin Board Partinterface Meg Diff Pair Package Pin Fixed Bank

W All portg (2]

> Scalar ports (2)

Flow manager - Implementation - Run implementation (kb
3-5 perc!)

Synthesis Out-of-date  details ol

-4 . /0 Planning v
? X%
Package x| Device < sw2led_top.wvhd sw2led top.xde 2008
ETM_2019project_1sw2ledisw2led. sres/sources_linew/sw2led_top.vhd
Q - s B B X /N E
- N 21inx leaf cells in Ehis-ceode ~l
entity awiled top is
5 Bort | sw : in STD LDGIC:
3 led : out STD LOGIC);
end sw2led top:
architecture Behawvioral of swi2led top is
1 begin
42 led <= s8uw;
! end Behavioral;
et
£ >
Design Runs Package Pins 10 Ports AR = [ ]

Drive Strength  Slew Type  Pull Type  Of-Chip Terminatic




—

5.) Implementacio (folyt.)

Futtatas vegén rakérdez:  [remecomiee :
e azimplementalt (MAP, @ rovemeriaionsuccesstuy compieted
PLACE & ROUTE) megnyitdsara, | rsommeocoe
— Open Implemented Design, fwﬁtpﬂn”m
e Bitstream generalasara,
— Generate Bitstream (.bit), Gancel

e Forditasi riportok megtekintésére
— View Riports.

¥—____A




.a.) Implementalt — ,Floorplan” design
megnyitasa

Flow Navigator = 8

v PROJECT MANAGER
1} Settings
Add Sources
Language Templates

F |P Catalog

» [P INTEGRATOR

> SIMULATION

> RTLANALYSIS

> EBYNTHESIS

* IMPLEMENTATION

» Run Implementation

v Open Implemented Design

1 Constraints Wizard
A~

Elérhet6 még a Layout menti -> Floorplanning opci6 alol

S IMPLEMENTED DESIGN * - xc7z010clg400-1 (active)
M
al Coi Device T — = Netlist
Q|X|&|= AR
~ Internal VREF swzled_top 2
0.6Y P ¥ Mets (3
0.675V led
075V |Ed_DE|-UF
oav | EW
BRI 60 b ¥ Leaf Cells (2
Drop /0 banks on voltages or the "NONE” led_OBUF_inst (OBUF
folder to setiunset Internal VREF. sw_IBUF_inst {BLIF
Net Prop »« (I Reqi ? I
led o o
s
MName: led
Type: SIGMNAL (110}
L e >
General Properies Conned E

IS




5.b.) Uzenetek - Riportok

Tcl Console Messages Design Runs Timing Power DRC IO Ports ? 00
Q = 5 ¥, 8 0 (17" waming (6) [ @ info(100) [ | @ Status (175) Show All o
w Implementation (2 warnings) ™

bt Route Design (2 warnings)

[Fower 33-232] Mo user defined clocks were found in the design!

Resolution: Please specify clocks using create_clock/create_generated_clock for sequential elements. For pure combinatorial circuits, please specify a virtual clock, otherwise the
vectorless estimation might be inaccurate

[Timing 38-313] There are no user specified timing constraints. Timing constraints are needed for proper timing analysis.
w Implemented Design (1 warning)

~ p General Messages (1 warning)

[Timing 38-313] There are no user specified timing constraints. Timing constraints are needed for proper timing analysis.|

OK. Most nincsenek megadva a
clock constraint-ek.

DE: Szinkron drajeles feladatok
tervezése esetén (S.H.) meg kell
majd adnunk!

Most még nem haszndltunk FPGA
logikat sem, csak 1/O Buffereket.

¥—___A




File  Edit Flow Tools
=, =
Flow Navigator z &
~ QOpen Synthesized Design

Constraints Wizard

Edit Timing Constraints

Set Up Debug
Report Timing Summary
Report Clock Metworks
Report Clock Interaction
Report Methodology
Report DRC
Report Noise
Repaort Utilization
% Report Power

*4 Schematic

~ IMPLEMENTATION

» Run Iimplementation
~ Open Implemented Design
Constraints Wizard
Edit Timing Constraints
9 Report Timing Summary
Report Clock Metworks

Renar Clock Interactinn

5.¢.) I/O Planning

Window  Layout  View  Help

® b BB BE BT ¥

IMPLEMENTED DESIGN - xc7z010clg400-1 (active)

SOUrces Netlist Device Constraints - T O I

~ Internal VREF

W
|
o

0.6V =

0675V
0.75v
0.9v

NONE (2} v

Drop 110 banks on voltages or the "NONE™ folder to setiunset Internal
VREF,

0 Port Properties lock Regions o = (E ] g

4 led b o

S S S EI T P

General Properties  Configure  Power

Implementation Complete

/0 Planning

Q = |34+ H

Name Direction Board FartPin  Board Part Interface

~ [ Al ports (2
v [ Scalar ports (2)
] led ouT
[# sw 1N 1

Drive Strength  Slew Type

12 v BLOW W

Elérhet6 a Layout menti = 1/0 planning opcié aldl




5.d.) Power — Disszipalt teljesitmény

Tcl Console Messages Loqg Reports Design Runs Timing Power »% | DRC Package Pins 'O Ports
a = = C 4 Summary
]
Settings .
g _ Power analysis from Implemented netlist. Activity On-Chip Power
summary (0.838 W, Margin: derived from constraints files, simulation files or
Power Supply vectorless analysis. Dynamic: D736W (B8%)
~ Utilization Details Total On-Chip Power: 0.838 W 880 Signals:  0.004W (1%
Hierarchical (0,736 W) , i ggog
Design Power Budget: Mot Specified o 0733W (9055
~ Signals (0.004 W)
Data (0.004 Power Budget Margin: MNiA
ata (0.004 W) . . o
0O (0 723 Junction Temperature: 34,7°C 12% Device Static: 0J02W - (125%)
Thermal Margin: 50 3°C 4,3W)
Effective A 11,5°CIW

Power supplied to off-chip devices: 0OW

Confidence level: Low

Launch Power Constraint Advisor to find and fix
invalid switching activity

¥—___A




6.) Bitstream generalas

File Edit Flow Tools Repords  Window  Layout View  Help L~ Quick Access Implementation Complete '

= W « B & b i H U B & Z b 4 = /0 Planning v

Flow Navigator s IMPLEMENTED DESIGN * - xc7z010clg400-1 (active) P X
~

> RTL AMALYSIS Netlist  Device Constraints ? =0 &
a T & - o
» SYNTHESIS
w Internal VREF
LV
¥ IMPLEMENTATION ™
0.9V ~
P Run Implementation
. Drop /0 banks on voltages or the "MONE” folder to setiunset Internal
~ Open Implemented Design VREF.

Constraints Wizard

Edit Timing Canstraints Va PertPropariios:  x (Eoe ? - 00
t Report Timing Summary @ led - L
A
S ek N | biames MBI
Report Clock Interaction General Properties Configure Power
[¥] Report Methodology
Tcl Console Messages Log Reporis Design Runs Timing Power DRC Package Pins 110 Ports W ? 0O B
Report DRC
Q =z £ /|4k 4+ H =
Report MNoise

e —_— ion BoardPartPin  Board Part Interface  Meg Diff Pair Package Pin  Fixed Bank [/OStd Veoco  Vref  Drive Strength Slew Type  Pull Type  Of-Chip Termination  IN_TERM
eport Utilization :

% Report Power

‘ports (2
¥4 Schematic M4 W 1~ 35 L. v A3 12 “ SlOW ~» NONEw FP.VTT 50 i
515 hd ] ah | E. v | 34 NOME »  MNOME b
¥ PROGRAM AMD DEBUG 1/
| ¥ Generate Bitstream |
» Open Hardware Manager ol I 5




—

6.) Bitstream generalas (folyt.)

Bitstream = FPGA konfiguracio wrte_ohstream Compiete /
generalas végén két lehetoség:

Bitstrearn Generation Completed X

e Forditasi riport megtekintése,

0 Bitstream Generation successfully completed.

- VieW Reports Next
° 4 @yiew Reports
e Hardver Manager megnyitasa
(fe I p rog ra m Oza, S h OZ) N iesnhenr:jh:“:?aﬂl :gcaﬂgnaf::uratinn File

— Open Hardware Manager ance

e Memoria konfiguracio
generalasa

¥—____A
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7.) FPGA ,programozasa
) Pros ‘ VIVADO!

e Open Hardware manager
— Hardware Manager (Open target - Auto Connect)

e JTAG lanc két eleme (platformonként eltéré lehet)

— ARM _DAP: Debug Access Port (nem ezt hasznaljuk)
— FPGA (APSoC): xc7z010 = Xilinx Zynq 7010

* PROGRAM AND DEBUG HARDWARE MANAGER - unconnected

l[ﬁ Cenerate Bitstream ﬁNU hardware target is open§ Open target
~ (Open Hardware Manager 1 Hardware ? _ 00 X sw2led topvhd 3 sw2led topxdc  x
N
Dpen Target fj EJTM_2019/project_1sw2led/sw2led.srcs/sources_1/ne¢
Q *- K B B X N
Mo content 27 --use IEEE.NUMERIC STD.ALL:
Source File Properties ? 00 X
£ e )
entity sw2led_top i3
Port ( sw : in STD_LOGIC;
led : cut STD LOGIC);
Select an objectto see properties -

end sw2led_ top;

<




7.a.) Hardware manager

HARDWARE MANAGER - |ocalhostiiling_tcfiDigilent’21027957 45754

ﬂ There are no debug cores. Program device Refresh device

Hardware ?7 00 X
Q = = o
Mame Status
~ I localhost (1 Connected oy
~ B¢ xiling_tcfiDigilent’2102795748..  Open
{8 arm_dap_0 (0 MNIA
1 |~ & xc7z010_1(1 Mot programmes
- XADC (System Monitor v
< >
1.) xc7z010 kivalasztdsa (FPGA) ¢ Programbedice 8
.'Obb gomb 9 Program device Select a bitstream programming file and download it to your hardwarg deui.ce. ‘r’uu. can optionally
: - ) : selecta de.bug probes file that corresponds to the debug cores contained in the bitstream '
2.) Bitstream kivalasztasa (.bit) programming file.
3.) Programozas 2
Bitstream file: ETM_201 Eh'prnjeu:t_1JSWEIEUISWEIed.runs:’impl_1lsw2|ed_t0p.bit| III

Debug probes file: III

+'| Enable end of startup check

F iy
N
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Bemutatas egyszeri példan keresztul

I1. XILINX VIVADO INTEGRALT
SZIMULATOR

— DT




—

Felhasznalt irodalom:

. Xilinx Vivado Design Suite IN depth tutorial (UG937)

https://www.xilinx.com/support/documentation/sw manuals/xilinx2020 1/ug937-vivado-design-suite-simulation-tutorial.pd

. Xilinx Vivado User Guide — Logic simulation (UG990)

www.xilinx.com/support/documentation/sw manuals/xilinx2020 1/ug900-vivado-logic-simulation.pdf

. Vivado Design Suite User Guide: Using the Vivado IDE (UG893)

https://www.xilinx.com/support/documentation/sw manuals/xilinx2020 1/ug893-vivado-ide.pdf

°* & Xilinx Vivavo oktaté anyagok / videdk:

—  https://www.xilinx.com/video/hardware/logic-simulation.html|




X—

ilinx Vivado szimulator

e Xilinx Vivado Design Suite (2020.1)

Xilinx Vivado integralt HDL szimulator

— A Vivado keretrendszerbe integralt modul (sok
funkcio, egyszeriség),

— Léteznek a kereskedelmi forgalomban kaphato
szimulatorok, pl. Mentor ModelSim (draga, de
orofi),

— Létezik néhany ingyenes HDL szimulacios eszkoz is,
ol. Icarus Verilog, Verilator, GHDL, stb.

— On-line szimulatorok, pl. :

e http://www.edaplayground.com

¥—____A
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1.a.) Uj Vivado project létrehozasa

e File meni - New Project
e Projekt neve: ,myand2”
e Elérési ut megadasa. Majd Next>

¢ Mew Project =

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '

1 Project name: myand2

Project location: |F/TM_2020_Vivado_2020.1/1ab02 II'

+'| Create project subdirectory

Project will be created at: F/TM_2020_Vivado_2020.1/1ab02/myand2

N~
Fn




1.b.) Projekt Iétrehozasa (folyt)

i MNew Project *

Project Type
Specdify the type of project to create. '

=

@, RTL Project
You wil be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design
planning and analysis.

DPD not specify sources at this time

O Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and implementation.

Do not specify sources at this time RTL Project kivalasztasa:

(L0 Plarring Project HDL filet akarunk szerkeszteni

Do not spedfy design sources. You will be able to view part/package resources. VHDL nyelven'
@ Imported Project

Create a Vivado project from a Synplify, X5T or ISE Project File,
O Example Project

Create a new Vivado project from a predefined template.

< Back Einist Cancel




1.c.) Projekt beallitasai

# MNew Project

Add Sources

+

F |

Specify HOL, netlist, Block Diesign, and IP files, or directories containing those files, to add to your project. Create a new source
file on disk and add it to your project. You can also add and create sources later.

se Add Files, Add Directories or Create File buttons below

Add Files Add Directories

[

N Target language:  YHDOL 4 Simulator language: | VHDOL L
oy
.\?f. = Back

!

Maradjon Uresen. TervezGi forras

fileokat VHDL nyelven fogjuk
elkésziteni.

Maradjon Uresen a kovetkez6

ablak is:
Add Existing IP
Add Constraints

2

két

N

Zancel

¥—____A




1.d.) Projekt beallitasai
FPGA kartya kivalasztasa

¢ Mew Project

Default Part

1

N~

Partz | |Boards

Reset All Filters

Choose a default Xilinx part or board for your project.

Fontos az FPGA kartya kivalasztasa
megadasa!

*Fontos: a Zybo kartya tdmogatdsahoz a
Digilent oldalardl a tamogaté csomagot le
kell tolteni, és a megfelel6 helyre masolni!

"

InstalllUpdate Boards

2 Vendor: | digilentinc.com s Mame:  Zybo Board Rev.  Latest W
S
Search: hd
Display Name Preview Yendor File Version  Part
3 Zybo
N digilentinc.com 2.0 ¥cfz010clg400-1
L4 >
P
\2) < Back Mext Cancel

* https://reference.digilentinc.com/reference/software/vivado/board-files?redirect=1 H




2.a.) HDL modul létrehozasa

File meni - Add Sources — Add or Create Design Sources

¢ Add Sources

13

Add or Create Design Sources

Specify HOL, netlist, Block Design, and IF files, or directories containing those file types to
disk and add it to your project.

¢ Create Source File

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

File type: @ VHDL

W

File location:  « =Local to Project=

File name: |myand2g| | \3

b

Cancel

lle buttons below

1

2

Create File I

= Back

N’

4

@ VHDL modul, helyesebben
entitas hozzaadasa. Entitas olyan
VHDL alapmodul, amely blokk nevét
(myandZqg), portjait, esetleg
paramétereit definialja, és egyben
hasznalhato a hierarchikus
tervezéshez.

Cancel

¥—____A




Legyen két bemenete: (a,b) inputiranyultsagu
Legyen egy kimenete: (c) outputiranyultsagu

7

2.b.) Portok megadasa

#  Define Module

Define a module and specify /O Ports to add to your source file,
For each port specified:

FPorts with blank names will not be written.

Module Definition
Entity name: myand2g

Architecture name: |Behavioral

1 O Port Definitions
Port M... Cirec... Bus MSB LSB
a in W
\% b in L
C out
|lf-::|-\'|
ot

MSB and LSB values will be ignored unless its Bus column is checked.

OK

Cancel

¥—___A




= '
ot 1

end myand2g;

architecture
kegin

Project Summarnry x‘ myand2g.vhd * 4 \

E.TM_z2018Mab02imyand2/myandzZ.srcsi/sources_1inew/myandzZg.vhd

» B B X [/

in STD LOGIC;
in STD LOGIC;

H +«
entity myandlg is
Bort | a

C

: out STD LOGIC):

Behavioral of myand2g is

t <= a and b; \ 1
| N

end Behawvioral;

$

w  RTL AMALYSIS

3.) VHDL forraskod megirasa

~ (pen Elaborated Design

Report Methodology

Feport DRC

¥4 Schematic

CTRL+S: VHDL forrasfile
mentése (*

Open Elaborated design -

Schematic

)

U

Project Summary ¥ | Schematic ¥ | myand2g.vhd

@ @ 1 X O

C

c i

»  Schematic (2)

B
.

RTL_AND

¥—___A




4.) TestBench: VHDL szimulacio

Testbench / TestPad
*DUT = UUT (Design / Unit under Test)

Stimulus

Gerjesztések, melyekre

adott valaszokat

vizsgalunk.
PI.

a <="0";
b <= 70';
De c =7

myandZ2g_tb.vhd

\

/

Design Under Test
myand2g.vhd \

Inputs

Outputs | )




4.a.) HDL szimulacios modul létrehozasa

File meni — Add Sources — Add or Create Simulation Sources

§  Add Sources >

Add Scurces

VIVADO

HLx Editions This guides you through the process of adding and creating sources far your project

Add or create constraints

Add or create design sources

®) Add or create simulation sources

& XILINX

Cancel




4.a.) HDL testbench létrehozasa

File meni — Add Sources — Add or Create Simulation Sources

to your project.

Specify simulation set: sim_1 w /

Specify simulation specific HOL files, or directories containing HOL files, to add to your pr (myand2g tb), portjait, eset/eg
paramétereit definialja, és egyben
haszndlhaté a hierarchikus tervezéshez.

1, +‘ #  Create Source File >
Create a new source file and add it to your
project. '
jle buttons below
3 Eile type: & VHDL w
Nt
File name: |rmrand2_tb |
Create Fil
File location:  « =Local to Project= w* [ ~eale e
P
\2) OK Cancel
\/?3 = Back

Cancel

4" Add Sources - (D VHDL szimulaciés modul, helyesebben
- entitas hozzaadasa. Entitas olyan VHDL
Add or Create Simulation Sources alapmodul, amely blokk nevét

"




4.b.) HDL testbench (folyt)

Fontos: Vivado-ban a teljes test-bench automatikus generalasa sajnos nem
lehetséges. Ezért mi magunk irjuk meg a test-bench forrasat is!

’

Define Module

Define a module and specify /O Ports to add to your source file.
For each port specified:

MSB and LSB values will be ignored unless its Bus column is checked
Parts with blank names will not be written.

Module Definition

~

Entity name: myandZ_th

/

% |
Az 1/0 port-ok definicidit szimulacids
modul szerkesztésekor hagyjuk most
uresen! Mivel a testbenchen belll
generaljuk a gerjesztéseket, és
vizsgaljuk az azokra adott valaszokat.
OK.

Architecture name: |Behavioral

'O Port Definitions

Bus M3B LSB

oK |

Cancel




4.c.) Testbench modul generalasa

Letoltheto gyakorlati anyag

VHDL testbench generdtor. (1
Online VHDL testbench generator - Berfrand Gros

myand2.vhd VHDL forrasfile

Online VHDL Testbench Template Generator

This tool automatically generates a tempiate file for & testhench for the simulation of & VHDL entity.

A testhench is 8 VHDL code that simulates the environment around your DUT (design under test).
The testhench generates stimul: to the mputs of the DUT and allows to check its functionality and outputs within a simulator
The declaratrve part of the testbench is quite boring to write, hence the existence of this automatic generator.

The generatar is in constant development, but for now it seems to work pretty well for most standard source files,
but it ias not yet been extensively tested with a lot of different sources with different writing styles,

Feel free to test it with your files and to report problems to help to improve it.
This s for VHDL only, don't try to paste Verilag code, it will not worlk ;-)

Simply copy and paste your VHDL code below, then press the Generate button.

library IEEE; use JEEE.3TD LOGIC 11€4.ALL; —— the following library declaration if using -— arithmetic functions with 3igned or Unsigned values --use IEEE
¥ P AL L i g, ¥ g g 9

tartalmanak bemasolasa a szoveg
dobozba - végil Generate

|-
>
{ 3
() Generate clock and try to automatically quess signal name 2
() Generate clock without quessing signal name \_/

(@ Mo clock generation

(0 Generate reset (positive polarity)

() Generate reset (negative polarity)

(@) Mo reset generation

@

A megjelend Uj ablak tartalmanak (testbench) bemasolasa a Vivado-ba, a myand2 tb.vhd

VHDL testbench Ures forrasdba.

Bertrand Gros: https://vhdl.lapinoo.net/testbench/tb.php




ARCHITECTURE tb OF tb_myand2 IS

—— Component Declaration for the
Design Under Test (DUT) - myand2g

COMPONENT myand2g

PORT (
a : IN std_logic;
b : IN std_logic;
c : OUT std_logic
) 7

END COMPONENT;

signal a std_logic;

signal b std_logic;

signal c std_logic;
BEGIN

<clock> részek késébb itt lesznek majd:
egyel6re nem hasznalunk drajelet a

- tesztbench-ben (K.H) ~ END; ﬂ

4.d.Y Testbench modul médositasa

—— Instantiate the Design Under
Test (DUT)
dut: myand2g PORT MAP (

a => a,
b => b,
c => cC

) ;

—— Stimulus process
stimuli: process
begin
—— hold reset state for 100 ns.
wait for 100 ns;

—— 1insert stimulus here

a <= "'1";

wait for 10 ns;
b <= "'1";

wait for 5 ns;
a <= '0";

wait for 20 ns;
b <= "'0";

wait for 10 ns;

wait;

end process;




ARCHITECTURE tb OF myand2_tb IS

—— Component Declaration for the
Design Under Test (DUT) - myand2g

COMPONENT myand2g

PORT (
a : IN std_logic;
b : IN std_logic;
c : OUT std_logic
) 7

END COMPONENT;

signal a : std_logic; ——:= '0’;
signal b : std_logic; ——:= ’"0’;
signal c : std_logic;

BEGIN

v 4 77

clock részek késébb itt lesznek majd: egyel6re
nem hasznalunk drajelet a tesztbench-ben

FONTOS: File végérdl a ,configuration” részek

4.d.) Testbench modul megirasa

—— Instantiate the (DUT)
dut: myand2g

PORT MAP (
a => a,
b => Db,

c => c );

—— Stimulus process
stim_proc: process

begin

—— EDIT Adapt initialization as needed
a <= vov,.
b <= vov,.

wait for 10 ns;

—— EDIT Add stimuli here

a <= "'1";

wait for 10 ns;
b <= "'1";

wait for 5 ns;
a <= '0";

wait for 20 ns;
b <= '0";

wait for 10 ns;

wait;

END tb;




4.e.) Testbench: tesztkornyezet osszeallitasa

ELABORATED DESIGN - xc7z010clg400-1 (active)

Sources

Q - s
F - I
. (SR RIN PR ANRER R RN LE R § L R

v sim_11(2)

1 @ - myand2g(Behavioral) (myand2g.vhd

> Utility Sources

Hierarchy Libraries Coampile Order

- I @ myand2 tb(Behavioral) (myand2 tb.uhgl

Source File Properties
@ myand2_tbvhd
General Properties

TciConsole | Messages | Log | Reports

8] =2 +

Mame Canstraints  Status

W synth_1 constrs_1 Mot started
impl_1 constrs_1 Mot started

[,

C

Source Mode Properties. .

Cipen File

Replace File...

Remaove File from Project...

Disable File

Maove to Design Sources

Hierarchy Update
Refresh Hierarchy
|IP Hierarchy

2
\UC

]
" &

Setas Top

nézetben amyand2 tb
szimulacidés modul

| 1.) Sources ablakban a Hierarchy

kivalasztasakor = Jobb gomb -

Set as Top.

legyen a top-szint( modul.

3.) Mindig a test-benchen
futtassuk a szimulaciot!

2.) Kijeloljuk, hogy a testbench

Sources »  Netlist

a T ¢ +
? Constraints

hd Simulation Sources (2

sim_1(2

?

W

y

@ -. myand2_th(Behavioral) (myand2_tb.vhd)

@ myand2g(Behavioral) (myand2g vhd
S ? Utility Sources

Hierarchy  Libraries Compile Order

S

¥—____A




4.f.) Vivado szimulator beallitasai

Fontos a Testbench

kivalasztasa
myandZ_tb

Flow Navigator

panel -
,Settings”

— - Simulation

Flow Navigator

~ EROJECTMANAGER

£} Settings

Add Sources

Language Templates

LF P Catalog

» |PINTEGRATOR

v SIMULATION

Run Simulation

~ RTL ANALYSIS

~  (Open Elaborated Design

Report Methodaology
Report DRC
Report Moise

"4 Schematic

v SYMTHESIS

P Run Synthesis

> Open Synthesize

A szimulator alapértelmezett
idébeli felbontasa 1 ps.

ELABORATED DESIGN - xc7z010clg400-1 (active)

0 Elaborated Design is out-of-date. Constraints were modified. details Reload

Project Settings

General

2

Simulation

—

Elaboration
Synthesis
Implementation

Bitstream

> 1P

L

\

s

\

Tool Settings

Project

IP Defaults
Source File
Display
WebTalk
Help

Teut Editor

2rd Party Simulators

Colars

Selection Rules
Shortcuts
Strategies
Window Behavior

v

Simulation
Specify various settings associated to Simulation ‘

Target simulator; Wivado Simulator I “
rSimuIatarIanguage: WHDL —I\./ w

Simulation set: sim_1 - _

Simulation top module name: myand2_th D

Simulation

Advanced

[+ Enable incremental compilatian

Enables incremental compilation and preserves simulation files during successive
simulation runs.

1% Include all design sources for simulation

Selecting this option will ensure that all files from design sources - along with all files
from the current simulation et - will automatically be used for simulation. [T files are
re-ardered, enabled/disabled or changed in any way in design sources, the same
changes will automatically be picked up when launching behavioral simulation.




e 1.)Sources ablak —
myandZ _tb
kivalasztasa

e 2.) Flow Navigator
panel - Simulation

— Run Simulation

e Run behavioral
simulation

— Futtataskor a
WaveForm ablak
jelenik meg, melyen
a gerjesztéseknek
(stimulus) megfelel6
kimeneti jelek
vizsgalhatodak.

Flow Navigator

Add Sources

-
-—
.

Language Templates

LF IP Catalog

? IPINTEGRATOR

SIMULATION

Fun Simulation

? RTL ANALYSIS

N

dlr

?

)

5—

.) Vivado szimulator inditasa

IMPLEMENTED DESIGN - xc7z010clg400-1 (active]

Sources = MNetlist DeviceCons 2 _ O [
Q = £ <+ 3
" myand2g.xdc ~

g

>
<

Hierarchy

Simulation Sources (1)

w sim_11(1)

1

® uut:-m

and2g(Behaviaral) (myand;

itility Sources
?

Libraries Compile Order

~ @ - myand2_tb(Behavioral) (myand2_tb |

W

Mindig a testbench legyen a top-szintl modul.
Mindig a test-benchen futtassuk a szimulaciot!

¥—___A

myand2_thi
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5.a.) Szimulator GUI: WaveForm ablak

4« » P, 10 us v X C

SIMULATION - Behavioral Simulation - Functional - sim_1 - myand2_tb

Untitled 1
a T £ 7 Q #£ |0 W @& a X « 4 M = 2= 4 &
~ I myand2_tb 14 a 0 o0 e
& uut 1 b 0
1 c 0
o
L4 » L4 > >




6.) XDC - Felhasznaloi megkotések

Ele  Edit Flow Tools

= - =]

7
Flow Navigator Fo P
v PROJECT MANAGER &
£} Settings

Add Sources

Language Templates

<F IP Catalog

v P INTEGRATOR

Create Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS
~ (Open Elaborated Design

Report Methodology
Report DRC
Report Moise

" Schematic

v SYMNTHESIS

P Run Synthesis |
Constraint Set. constrs_1

Reparts

Window  Layout  View

® », W M B & X ¥
ELABORATED DESIGN - xc7z010clgd00-1 (active)

Help - Qluick Access

Sources  x MNetlist 2?2 =0 B Project Summary x| Schematic
a =|[s|+ o
@ - myand2g(Behavioral) (myand2g.vhd} o
o+,
Constraints q. & E K
1 [!constrsj | _ '
N Cimulatian Saursaes (7 23, - g

[ Add Sources, ”+” vagy CRTL+A. -

General Froperties

35 . Port { a : in STD LOGIC:

Constraint Set Properties Create Constraints File >

constrs_1

Default directorv: E:JTH 2019/1ab02/m
<

File type: " xpC "

Q| = | s File name: || myand2g 2
Mame Constraints  Status ) ) Proi
N = > L
= Sinith. 4 oI 4 E— File location:  « =Local to Project
impl_1 cansirs_1 Mot starte

(2)

) Ok Cancel
<

myand2g.vhd

E/TN_2019Mab02/myand2/myand2.srcs/sources_ 1new/myand2g.vhd

X // B @

ind2g is

LUT FF BRAMs

URAM DSP

Ready
= Default Layout b
¥ 4
= )
~B
e
>
? OB

Stat  Elapsed Run Strategy

Vivado Synth

Vivadao Imple




.d.

File Edit Flow Tools

5, E
Flow Navigator H
~ PROJECT MANAGER
£ Settings
Add Sources

Language Templates

<F IP Catalog

» |PINTEGRATOR

v SIMULATION

Run Simulation

~ RTL ANALYSIS
~ (Open Elaborated Design

Report Methodology
Report DRC
Report Moise

*4 Schematic

v SYNTHESIS
P Run Synthesis

» Open Synthes

~  IMPLEMEMTATION

XDC - Labak hozzarendelése

Repots  Window  Layout VWiew  Help 1 Quick Access Ready
X & » & H 5B & Z » 5 Default Layout v
8 ELABORATED DESIGN - xc7z010clg400-1 (active) ? ¥
% 0 Elaborated Design is out-of-date. Constraints were modified. details Reload

Sources » | Netlist " oy e B [ [ Project Summary % | Schematic | myand2g.vhd % | Schematic (2) « | myand2g.xdc * T 00
Q E % + ﬁ EJTW_20191ab02/myand2/myand2.srcsiconstrs_tnew/myand2g.xdc
W Design Sources (1 = Q & X BB X J E|O o
@ & myand2g(Bal - I L |
v (i Constraints (1 2 | set property -dict | PACKAGE PIN G15  IOSTANDARD LVCMOS33 } [get ports[{ & 11:]#10 2 =
w [ constrs_1 (1 30 set_property -dict [ FACKAGE PIN P15  IOSTANDARD LVCMOS33 } [get ports] [ b }1:]| #IC 1
1 " myand2gxdc de
\v// v Sirmnlatinn Saircac (7 w e
< GRS ¢ ! set property -dict [ PACKRGE_PIN M14  IOSTANDARD LVCMOS33 } ([get ports|{ c }1:|#I0 123 T3 25 Sch=LEDO
Hierarchy  Libraries Compile Order 2
N’
Source File Properties ?2 OB X
[ myand2g.xdc e o
$ s y A 7 d
(o—— S SWO0/SW1 és a LEDO részek bemasolasa
W
General Froperties z
< a létrehozott myand?2.xdc -be. 2
. 7 d
| Console DesignRuns > ZYBO Master.xdc alapjan (forrasa a _ oo
Y & ’
Q T % + % targy oldalan)
Mame Consfraints  Status WNS TNS WHS THS TPWS Total Pow( Run Strategy
v [+ synth_1 constrs 1 Mot started Letoltheto Eﬂ'ﬂkﬂrlﬂ“ anyag Vivada Synth
impl_1 constrs_1 Mot started Vivado Imple
ol % | >
Digilent ZyBo Fejlesztékartyakhoz (BSP. XDC): s
XDC (FPGA labkiosztas - GIT master): ‘
Zybo-Master.xdc
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6.b.) Labak hozzarendelése: myand2g.xdc

e Master XDC fileok megnyitasa (ZyBo platformra):
— https://qgithub.com/Digilent/ZYBO/blob/master/Resources/XDC/ZYBO Master.xdc

#LEDs és #Switches szekciok atmasolasa a myand2qg. xdc fajlba:

##Switches

set_property -dict { PACKAGE_PIN G15 IOSTANDARD LVCMOS33 } [get_ports { a }];
#I0 L19N T3 VREF 35 Sch=Swo0

set_property -dict { PACKAGE_PIN P15 IOSTANDARD LVCMOS33 } [get_ports { b }];
#I0 L24P T3 34 Sch=SWlI

##LEDs
set_property -dict { PACKAGE_PIN M14 IOSTANDARD LVCMOS33 } [get_ports { c }];
#I0 L23P T3 35 Sch=LEDO

,SW<0>" atnevezése - ,a’,

,Sw<1>" = b”.

,led<0>" atnevezése - ,,c”,

Kommentek # eltdvolitasa minden sorbol!

Végul: myand2g. xdec mentése. ’




7.) Implementacio futtatasa

File  Edit Flow Tools Repords  Window  Layout View  Help . Quick Access Ready
E‘ E| X a8 h" 1] L | 'ﬂ' }: K = Default Layout v
Flow Navigator Eo e S ELABORATED DESIGN - xc7z010clg400-1 (active) ? X

» PROJECT MANAGER & OEIabUrated Design is out-of-date. Constraints were modified. details Reload
> P INTEGRATOR Sourc = Netlist 2 _ 0O Project Summary % | Sches myand2g.vhd % - Schematic (2) ¥ | myand2g.xdc . 00
- . »
Q = = + E:TM_20181ab02imyand2/myand2 srcs/sources_1inew/myand2g.vhd
2 SIMULATION @~ m e
<« myand2giEeh; Al
. Q - & B | X |/ B O -
hd Constraints (1
~ RTL ANALYSIS ik constrs_1 (1) _ .- --use UNISIM. Womponents.all L
» Open Elaborated Design £ myand2gxde ; shtity myandzg is
= bt Si latinn 3 p Ll W sz Grt ( a = i 2.
Report Methodology < S H mn_ mwp_q_ » = it B i

b : in STD LOGIC;
Report DRC Hierarchy = Libraries 1 b = 37 ! c : out STD LOGIC):
| end myand2g;

Report Moise
Source File ? - 00X ! ) ) " )
*4 Schematic | architecturs Behavioral of myand2g is
[" myand2gxdc <= L = 3 4l begin
42 c <= & and by
= ~ end Behavicral;
e e SR | 4
P Run Synthesis General FProperties ' ¢ }v
> Open Sy
I Console Messa ) Design Runs « ? _ OB
~ IMPLEMENTATION a = | £ + %
I P Run Implementation I \]_-/ MName Constraints  Status WHNS  TMNS WHS THS TPWS Total Power FailedRoutes LUT FF  BRAMs URAM DSP  Stat Elapsed  Run Strategy
5 Openl v synth_1 constrs_1 Mot started Vivado Synth
impl_1 canstrs_1 Mot started Vivada Imple
v PROGRAM AND DEBUG
i Generate Bitstream
4 ¥

*> Open Hardware Manager bl
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.a.) Implement Design

e Reports - Place Design — place_report_utilization

o Kotott — Bounded I0B-k
ellenbrzése. Miert 37

e t———— t—————— fm——————— t———— +
| Site Type | Used | Fixed | Available | Util% |
e t———— t—————— fm——————— t————— +
| Bonded IOB | 3 ] 3 100 | 3.00 |
| IOB Master Pads | 2 | | | |
| IOB Slave Pads | 1 | | | |
e t———— t—————— fm——————— t———— +




Példak

TOVABBI FELADATOK
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eladat 1.): Teljes ,,Designh Flow”

e Switch/Button - Led feladat implementalasa FPGA-n
— SW(3:0) osszekapcsolasa LED(3:0)-el, vagy
— BTN (3:0) 6sszekapcsolasa LED(3:0)-el.

— Elaborate -> Synthesis -> Implementation -> Generate
bitstream lépések végrehajtasa,

— VHDL Testbench készitése (,,sw4toled4 tb”néven) és a .vhd
forrasfile viselkedési szimulacidja Vivado segitségével,

— .bit (bitstream) let6ltése a Zynq7010 APSoC-ra (ZyBo kartya)
az Vivado Hardware Manager segitségéevel.

— Tesztelés és ellen6rzés.

¥—____A
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Feladat 2.)

e Alenti képen lathato kombinacios logikai halézat megtervezése
és implementalasa VHDL-ben (,nulti_gates.vhd” néven),
amely a kovetkezd kapukat és osszekottetéseket tartalmazza:

SW(1:0) port -> ‘@’ és ‘b’ bemenetekre

LED(3:0) port -> az egyes ‘<xyz> gate(s)’ kezelésére (Te valasztod meg,
hogy a lehetséges 6 kimenet kozul, melyik négyet kotod ki a LED-ekre!)
Elaborate -> Synthesis -> Implementation -> Generate bitstream

VHDL Testbench készitése (,multi gates tb.vhd” néven)
és a .vhd forrasfile viselkedési szimulacidja Vivado XSim segitségével

bit (bitstream) letoltése a
Zyng-7010 APSoC-re (ZyBo kartya)
a Vivado HW Manager segitségével.

Ellen6rzés (FPGA).




library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity multi_gates is

port (

a : in STD_LOGIC;
b : in STD_LOGIC;

and_gate

nand_gate

or_gate

nor_gate

Xor_gate

Xnor_gate
) ;

end multi_gates;

architecture Behav of multi_gates 1is

begin
and_gate

out
out
out
out
out
out

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC

<= a and Db;

nand_gate <= a nand Db;
or_gate <= a or b;
nor_gate <= a nor b;
xor_gate <= a xor Db;
xnor_gate <= a xnor Db;

end Behav;

Feladat 2.) VHDL megoldasa

| Két-bemenetl logikai kapuk:
foglalt szavak a VHDL-ben.
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