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Xilinx Ha4anbHOro ypoBHS
[ocTtynHble nnatbl ¢ Xilinx FPGA

Digilent Arty-A7

Bupaeo 0630p Ha pycckom

Avnet Minized
Bo3bmu 6eCI'IJ'IaTHO

Ho nx ropasao 6onbLue....
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Xilinx Vivado u Xilinx Vitis
YTo ncnonbloBatb As1s1 paboTbl € Xilinx?

' OcHoBHas cpepa pa3paboTkm RTL npoekToB AN
MJIAC Xilinx Ha sa3bikax VHDL/Verilog/SystemVerilog

HLx Editions

[poeKkTMpOBaHUE C UCMOJSIb30BaHNEM BbICOKOYPOBHETO
v X”_INX cuHTesa (High Level Synthesis - HLS) Ha A3bikax

C/C++/0penCL/SystemC n HanucaHna nporpaMmm ans
V I | I S npoueccopHon YyacTtu Zynqg/Zynq UltraScale+ n codT-
A ™

npoueccopa MicroBlaze
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[loaroToBKa

[pouecc ycTaHOBKU MaKcuMarnbHO npocT. Vitis coaep>xut B cebe Vivado, nosaTomy
pekoMeHayeTcs ckauymBaTb MMeHHO Xilinx Vitis.

PekomMmeHayeTcsi UMeTb He MeHee 100'b cBoboagHOro MecTa Ha Aucke
UG973 Vivado Design Suite User Guide. Release Notes, Installation, and Licensing

1. lNponaunTe No ccblike

2. BoibepuTe Vitis (SW Developer) un Bepcuto 2020.1

Downloads
Licensing Help Alveo Accelerator Card Downloads v
Vivado (HW Developer) 1 Vitis (SW Developer) Vitis Embedded Platforms Petalinux Device Models
Version
mﬂ ] Vitis Core Development Kit Update 1 - 2020.1 Product Update
2019.2 . Download Includes Vitis Core Development Kit
) Important Information
SDSoC Archive Download Type Product Update
. This is a common updater. You de not need to re-run it for Vitis if you have
SDAccel Archive . vk ) v Last Updated Aug 12, 2020
already run it for Vivado and vice versa.

SDK/PetaLinux Archive

Answers 2020.x - Vitis Known Issues
Note: Download verification is enly supported with Google Chrome and
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[loaroToBKa
YctaHaBnmBaem Vitis/Vivado

3. BOCI'IOJ'Ib3yeMCF| YCTaHOBLUNKOM. npOprTMTe BHN3 0O CCbIJIKK Ha YCTAaHOBLLUK

& Xilinx Unified Installer 2020.1: Windows Self Extracting Web Installer (EXE -

66.73 MB)

MD5 SUM Value : e4339ae3bcad478d7130edd669aac786

Download Verification @

4. CkavallTe yCTaAHOBLUMK U 3anycTuTe ero (noTpebyeTcs yyeTHasn 3anucb Ha canTte Xilinx)
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cTaHaBnuBaem Vitis/Vivado

5. Ha)xmute “Next”

Xilinx Unified 1 Installer - Welcome

UNIFIED Welcome

Xilinx Installer

We are glad you've chosen Xiinx s your platform development partner, This program can install the Xiinx products including Vitis, Vivado Design Environment, Lab Edition, Bootgen, and Documentation Navigator.

Supported operating systems for 2020.1 are:

- Windows 10 Professional and Enterprise wersions 1809, 13903 and 1505: €4-bit
- Red Hat Enterprise Linux 7.4-7.7, and 8.1: €4-bit

- CentOS Linux 7.4-7.7, and 8.1: &4-bit

- SUSE Enterprise Linux 12.4: €4-bit
- Bmazon Linux 2 AL2 LTS: €4-bit
- Ubuntu Linux 1€.04.5, 1€.04.€, 18.04.1, 18.04.2, 18.04.3 and 18.04.4 LTS: €4-bit - Additional library installation required

Note: This release requires uparading your license server todls to the Flex 11.14.1 versions. Please confirm with your license admin that the correct version of the license server tools are installed and available, before
running the todls.

Note: This installation program will not install cable drivers on Linux. This item will need to be installed separately, with administrative privieges.

To reduce installation time, we recommend that you disable any anti-virus software before continuing.

& XILINX

Copyright ® 1985-2020 Xilinx, Inc. Allrights reserved. Preferences

I Mext > I Cancel

4. CkavallTe yCTaAHOBLUMK U 3anycTuTe ero (noTpebyeTcs yyeTHasn 3anucb Ha canTte Xilinx)
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5.1. BBeguTe gaHHble Ballero

akkayHTa Ha cauTe Xilinx
(*nouTy, yKasaHHYH Npuv perncTpawmm)

5.2 BbibepuTe 3arpysky u
OTAEe/IbHYIO YCTaHOBKY

5.3 YKaXxute mecto N
3arpysKku

5.4 BbibepuTe onepaunoHHYo
cUCTeMy

5.5 Bbibepute «Full Image»

5.6 Haxxmute «Next»
FPGA-SYSTEMS.RU

YctaHaBnmBaem Vitis/Vivado

Xilinx Unified 2020.1 Installer - Select Install Type —

Select Install Type

Please select install type and provide your Xilinx.com user ID and password for authentication.

and tool installation options and the installer will download and install just what is required.

(®) Download Image (Instal Separately) 2

The installer will dowrload an image contzining all devices and tool options for later installation. Use this opton if you wish to install a full mage on a network drive or allow different users meximum flexibiity when instaling.

3

€ you want the software to be downloaded

eate full image for select=d platform(s)

[[] Zp archive (Note: This il increase the time and requires more disk space.) 4

Copyright © 1986-2020 Xiirx, Inc. Allrights reserved
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YctaHaBnmBaem Vitis/Vivado

6. Haxmute «Download»

Xilinx Unified 2020.1 Installer - Installation Summary

U N | F| ED Download Summary

Xilinx Installer

Download location

® D:\iinx\downloads\2020. 1

Disk Space Required
#® Download Size: 30.74GB

® Disk Space Required:  30.74GB

Download platform

®  Windows

& XILINX. gk

Copyright © 1986-2020 Xilinx, Inc. Al rights reserved,
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YctaHaBnmBaem Vitis/Vivado

6. Haxmute «Download»

Kilinx Unified 2020.1 Installer - Installation Summary

U N | F| ED Download Summary

Xilinx Installer

Download location
#® D:Wilinx\downloads\2020. 1

Disk Space Required
#® Download Size: 30.74GB

® Disk Space Required:  30.74GB

Download platform

®  Windows

& XILINX %

Copyright © 1986-2020 Xilinx, Inc. Al rights reserved,

7. JoXXauTecb OKOHYaHUA 3arpysku
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8. Nepenaunte B Nanky co cKayeHHbIMKU harnamm n 3anyctute dann xsetup.exe

Anck (D:) > Xilinx > downloads > 2020.1
A O Wms [lata usmeHeHmns Tur Pasme
[J  bin 2.09 4:07 M

data 20 14 Mans "
lib 4 NiikiEd

payload 4; xa ¢ dbaiinammn

scripts 2 2 anka ainammn

tps 1 o

xuninstall.exe wek 4

2

Wel
UNIFIED ™™

Xilinx Installer

Haxmunrte «Next»

We are glad you've chosen Xl as your platform development partner. This program can instal the Xiinx products induding Vitis, Vivado Design Environment, Lab Edition, Bootgen, and Documentation Navigator

Supported operating systems for 2020. 1are:

- Windows 10 Professional and Enterprise versions 1803, 1503 and 150S: 64-bit

- Red Hat Sntesprise Linus
- Centos Limuwz 7.4-7.
- susz zas

7, and 8.1 €4-bit

- Ubuntu Limx L6.04.5, 16.04.¢, 19.04.1, 18.04

15.04.3 and 15.04.4 LTS: S4-bit - Additionsl library installacion requized

Note: This release requires upgrading your license server tools to the Flex 11. 14,1 versions. Please confim with your lcense admin that the correct version of the license server tools are installed and avaiable, before running the tools.
Note: This installation program wil not installcable drivers on Linux, This item will need to be installed separately, with administrative privieges.

To reduce instaliation time, we recommend that you disable any anti-virus software before continuing.

£ XILINX.

Copyright ® 1986-2020 Xiinx, Inc. Al rights reserved. Preferences o | Next > | Cancel
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YctaHasnmsaem Vitis/Vivado

Cornawaemcsi ¢ ycnosmnaMUn UCMNOJIb30OBaAHUA U HAXKUMaAEM «Next»

Xilinx Unified 2020.1 Installer - Accept License Agreements

Accept License Agreements

XILINX.
Please read the following terms and conditions and indicate that you agree by checking the I Agree checkboxes.

Xilinx Inc. End User License Agreement

By checking T Agree” below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, I AGREE on behalf of licensee to be bound by the agreement, which can be viewed by

WebTalk Terms And Conditions

By chedking "I Agree” below, I also confirm that I have read Section 13 of the terms and conditions _ above concerning WebTalk and have been afforded the opportunity to read the WebTalk FAQ posted at
hittps: /fwww.dlinx. comfproducts/design-tools/webtalk.html . T understand that I am able to disable WebTalk later if certain criteria described in Section 13(c) apply. If they don't apply, I can disable WebTalk by uninstaling the Software or using the Software on

amachine not connected to the internet. If I fail to satisfy the applicable criteria or if I fail to take the applicable steps to prevent such transmission of information, I agree to allow Xilinx to collect the information described in Section 13(a) for the purposes
described in Section 13(b).

2

Third Party Software End User License Agreement

dicking here .

By checking T Agree” below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, I AGREE on behalf of licensee to be bound by the agreement, which can be viewed by

3

Copyright ® 1986-2020 Xilinx, Inc. All rights reserved.
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cTaHaBnuBaem Vitis/Vivado

Bbibupaem Vitis, Haxxumaem «Next»
Xilinx Unified .1 Installer - Select Product to Install

Select Product to Install

XILINX.

Select a product to continue installation. You will be able to customize the contentin the next page.

Installs Vitis Core Development Kit for embedded software and application acceleration development on Xilinx platforms. Vitis installation indudes Vivado Design Site.

() vivado

Indudes the full complement of Vivade Design Suite tools for design, induding C-based design with Vivado High-Level Synthesis, implementation, verification and device programming. Complete device support, cable driver, and Document Navigator induded.

(Z) on-Premises Install for Cloud Deployments

Install on-premises version of tools for doud deployments.

() BootGen

Installs Bootgen for creating bootable images targeting Xiinx SoCs and FPGAs.

(O Lab Edition

Installs only the Xilinx Vivado Lab Edition. This standalone product indudes the Vivado Device Programmer and Vivado Logic Analyzer tools.

() Hardware Server

Installs hardware server and JTAG cable drivers for remote debugging.

() Documentation Navigator (Standalone)

Xilinx Documentation Mavigator (DocMav) provides access to Xilinx technical documentation both on the Web and on the Desktop. This is a standalone installation without Vivado Design Suite. 2

Copyright ® 1985-2020 Xilinx, Inc. Al rights reserved. <Back
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Xilinx Unified 2020.1 Installer - Vitis Unified Software Platform

Vitis Unified Software Platform

Customize your instalation by (de)selecting items in the tre= below. Moving cursor over selections belom provide additional informatian.

“The Vitis unified software platform enzbles the development of embedded software and accelerated appiications on heterogeneous Xiinx platforms induding FPGAS, SoCs, and Versal ACAPs. It provides a unified programming model for accelerating Edge, Cloud, and
Hybrid computing applcations. This installation is a superset that indudes the Vivado Design Suite as wel. Users can optionally add Model Composer to this installation

=) 3 Design Tooks
=~ [m]

Install devices for Alveo and Xiinx edge acceleration platforms
Devices for Custom Platforms
s0Cs
Zyng-7000
Zyng UltraScale+ MPSoC
Zynq UltraScale-+ RFSoC

m
Spartan-7
Virtex-7
UltraScale
Kintex UltraScale
Virtex UltraScale
=[] _ulrascale+
f Kintex Uitrascale +
Virtex UltraScale+
Virtex UltraScale + HBM
Virtex Ultrascale + 58G
(=[] _Engneering Sample Devices for Custom Platforms
7 Virtex UltraScale + 58G ES
Virtex UltraScale-+ HBM ES
2yna UltraSeale + RFSoC ES
Versal AL Core Series ES1
Versal Prime Series ES1

Install Cable Drivers (fou MUST disconnect all Xl Platform Cable USB II cables before proceeding) || 4
Qe EE e o
Launch configuration manager to assodiate System Generator for DSP with MATLAB

Downioad Size: NA
Disk Space Required: 51,58 GB

5 Reset to Defaults

Copyright © 1986-2020 Xiinx, Inc. All rights reserved, < Back | Mext > | Cancel
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« Vitis/Vivado (1)

« DocNav (2)

« Artix-7 (3)

- [paviBepsbl (4)

Haxmunte «Next» (5)

*Bbl MOXeTe YCTaHOBUTb MOJIHbIN KOMMJIEKT
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YctaHaBnuBaem Vitis/Vivado

Xilinx Unified 2020.1 Installer - Select Destination Directory

Select Destination Directory

Bbi6epuTe MecTo ans yctaHoBku (1),
e BN Hanuume MKOHOK (2), HaxkmuTe panee (3)

Installation location(s)

Create desktop shartauts
C:\iinx ¥itis\2020, 1

Create file associations
C:\ilinx\Vivado \2020. 1

Apply shorteut & file assediation selections to
Ci¥iinx\DocNav (@) current user

O ausers
A
ired:  52.37GB
39,0668
le: 679168

Disk Space Required

Copyright © 1986-2020 Xiinx, Inc. Allrights reserved.
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YctaHaBnmBaem Vitis/Vivado

Ha)xmute «Install»

Xilinx Unified 2020.1 Installer - Installation Summary

U N | I:l ED Installation Summary

. Edition: Vitis Unified Software Platform
Xilinx Installer | | oevces

® Devices for Custom Platforms (SoCs, 7 Series)
Design Tools

® vitis Unified Software Platform (Vitis, Vivado)

# Doclav

Installation Options

# Instal Cable Drivers (You MUST disconnect all Xilinx Platform Cable USB 11 cables before proceeding)

Installation location
& CWilinxVitis\2020,1
#®  C:Wilink\ivado\2020. 1
& C:\Wilink\DocNav
Disk Space Required
® Download Size: NA
® Dick Space Required: 52,37 GB

# Final Disk Usage: 39.06 GB

& XILINX
A .
| Copyright © 1985-2020 ¥iinx, Inc. Al rights reserved. Preferences < Back

Cancel
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YctaHaBnmBaem Vitis/Vivado

JloXxanutecb OKOH4YaHUA YCTaHOBKMU

Xilinx Software Install

\

Installation mpleted successfully.
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Mbl cka4aeM UCXOAHbIN KoA, Urpbl ¢ github n paséepem aanee Kak oH YCTPOEH
1. Mpongnte No ccblike B PENO3UTOPUN

2. Cka4yaunTe penosntopum

¥ master ~ ¥ 1branch ©0tags Go to file

a yuri-panchul added top.v for nexys4 Clone with HTTPS (®
Use Git or checkout with SVN using the web URL.

before Fixed polarity for Xilinx board signals https: //github.con/DigitalDesignschool [
day_1 added omdazz lab 1 and 2

day 2 added top for nexysd 1 Open with GitHub Desktop

day_3/arch RISC-V labs. Initial Version 2

scriots Draft before packaae for Altera

3. PacnakynTe apxuB. [yTb A0 pacrnakoBaHHOW Mankun He AO/MKEH COAep)XaTb PYCCKNX OYKB, a
ANIMHa NyTu MUMHMMarnbHa. Hanpumep, D:/projects/ce2020labs-master

FPGA-SYSTEMS.RU
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[TpucTtynasa K paboTe

OTtkponTte Vivado: lNyck - > Xilinx Design Tools -> Vivado 2020.1

s Vivado 20201 >
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CospaHue npoekTa B Vivado
Co3aaHne HOBOro NpoeKkTa

Haxxmute Create project

#% Vivado 2020 — X
File Flow Tools Window Help Q- Quick Access
VIVADO' & XILINX
. -~ ®
HLx Editions

Quick Start

Create Project >
Open Project >

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager >

XHub Stores >

FPGA-SYSTEMS.RU
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CospaHue npoekTa B Vivado

Ha>xmute «Next» B MacTepe Co3aHnA HOBOIO NPoOeKTa

Create a New Vivado Project

VIVADO!

HLx Editions This wizard will guide you through the creation of a new project.

To create a Vivado project you will need to provide a name and a location for your project files. Next, you
will specify the type of flow you'll be working with. Finally, you will specify your project sources and choose
a default part.

& XILINX

FPGA-SYSTEMS.RU
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CospaHue npoekTa B Vivado
Co3aaHue npoekTa

3anonkure:

«  Wmsa npoekTa (1) — game_xilinX | poject name

o ﬂ'MpeKTOpVII-O ﬂpoeKTa (2) Enter a name for your project and specify a directory where the project data files will be stored. f
D:\Projects\

 YcTaHoBUTE ras1IoNKy Co3aHnA

Projectname: J game_xilinx 1

noaanpekTopuun (3) l
e Haxmurte Aalree (4) Project_locatlon@ 2 L
reate project subdirectory 3

Project will be created at: D:/Projects/game_xilinx

FPGA-SYSTEMS.RU
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CospaHue npoekTa B Vivado

Project Type Bb|6epMTe.

Specify the type of project to create. '
« Twn npoekta — RTL (1)
Spojec | «  CHuMUTe ranouky (2)
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation,
[ )

design planning and analysis.

HaxmuTte ganee (3)

o not specify sources at this time 2

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

1/0 Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

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

[ oo |
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CospaHue npoekTa B Vivado

Add Sources

Specify HDL, netlist, Block Design, 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.

+A

2

I‘ Add Files

'a]

I| Add Directories ‘ ‘ reate File

Targetlanguage: Simulator language: = Mixed v

FPGA-SYSTEMS.RU

coobuectso FPGA paspabotunkor

CosaaHue npoekTa

J106aBUM NUCXOAHUKM:
« Twun no ymonyanuto — Verilog (1)
« Haxumaem kHonky fgo6aeutb dainbl (2)
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CospaHue npoekTa B Vivado
Co3paHune npoekTa

cos [ oo ]<3 (day_2 /common) v +e=&s=xC E= Mepeinre B nanky ckayaHHOro

: config.vh . Recent Directories pe MNMOoO3UTO p nNAa

game_configv ./Projects/ce abs-master v

® game_master_fsm_1_regular_state_encoded.v DiProjects/ce2020iz0 k i CGZOZOIGbS'maSter/d ay_Z/COm mon

M —— - Bbi6epuTe Bce ainbl HaxaB ctrl+a
game_master_fsm_3_special_style_signals_from_state.v Select a file to preview.

@ game_mixerv o Ha)‘KM nte OK (3)

@ game_overlapy

[ ] game_random.v

@ game_sprite_controly 2 ( | )
@ game_sprite_display.v Ct r + a
@ game_sprite_display_pipelined.v

@ game_sprite_top.

@ game_strobev

@ game_timer.y

@ game_top.v

® vgav

File pame: I D:,’Projectsfce2020labs—masterfday_EfcommonI 1

Files of type: Design Source Files (:vhd, vhdl, vhf, vhdp, vho, v, vi, verilog, vr, vg, vb, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, n¢

3 -]

FPGA-SYSTEMS.RU
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CospaHue npoekTa B Vivado
Co3faHue npoekTa

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source file on [ D|06a B M M ¢ a mn M Oﬂyn ;I Be pXH e ro

disk and add it to your project. You can also add and create sources later.
YPOBHS:

+, « Haxmute gob6aButb dain (1)

Index Name Library HDL Source For Locat

[ ] 1 config.vh N/A Synthesis & Simulation = DyPrc”™
[ ] 2 game_config.vh N/A Synthesis & Simulation  ~  D:/Prc
L ] 3 game_master_fsm_1_reqular state_encoded.v xil_defaultlib  Synthesis & Simulation  ~  Dy/Prc
@ 4 game_master_fsm_2 special_style one_hotv xil_defaultlib  Synthesis & Simulation  ~  Dy/Prc
[ ] 5 game_master_fsm_3_special_style signals from statev  xil_defaultlib  Synthesis & Simulation  ~  Di/Prc
L ] 6 game_mixer.v xil_defaultlib ~ Synthesis & Simulation =~ Dy/Prc
L ] 7 game_overlap.v xil_defaultlib ~ Synthesis & Simulation = Dy/Prc
L ] 8 game_random.yv xil_defaultlib ~ Synthesis & Simulation = Di/Prc
L ] 9 game_sprite_control.v xil_defaultlib ~ Synthesis & Simulation  ~  Di/Prc

< - 5 T >

Add Files | Add Directories | ‘ Create File

Scan and add RTL include files into project

Copy sources into project

Target language: Verilog v Simulator language:  Mixed 4

FPGA-SYSTEMS.RU
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CospaHue npoekTa B Vivado
Co3aaHue npoekTa

[o6aBum dann Mmoaynsa BEpXHEro ypoBHS:
« [lepengnte B nanky ckadaHHoro penosntopus ce2020labs-master/day_2/nexus4/lab_2_game

* BbibepuTte dann top.v

 Haxmute OK (3)
Lo | =1020me < day_2/nexys4/lab_2_game vitemssmxc

® topv 2 Recent Directories

D:/Projects/ce2020labs-master/day_2/common v

X

File Preview

Select a file to preview.

File name: ID:/Projectsf(eZDZDlabs-master/day,Z/nexyslt/lab,Z,game I 1

Files of type: Design Source Files (vhd, vhdl, vhf, vhdp, vho, v, vf, verilog, vr, vg, vb, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, ngc, sv, svp, bmm, mif, mem, elf, dcp, bd, wcfg, xco, xci, xc.

3
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CospaHue npoekTa B Vivado

Co3aaHue npoekTa
HaxuwTe fanee (1)

Add Sources
Specify HDL, netlist, Block Design, 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.
+‘
Index Name Library HDL Source For Location
® 1 config.vh N/A Synthesis & Simulation ~  E/chip-expo/common iy
[ ] 2 counter.v xil_defaultlib  Synthesis & Simulation ~  E/chip-expo/common
[ ] 3 frequency_gen.v xil_defaultlib  Synthesis & Simulation - E:/chip-expo/common
[ ] 4 Ifsrv xil_defaultlib ~ Synthesis & Simulation v Ej/chip-expo/common
v
Add Files Add Directories Create File
Scan and add RTL include files into project
Copy sources into project
Target language:  Verilog v Simulator language:  Mixed v
Cancel
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CospaHue npoekTa B Vivado
; CosaaHue npoekTa

, flo6aBnM paitn NPOEKTHBIX
% Add Constraint Files O rpa HINY eH nn

+ ce2020labs-master\scripts\nexys4 E:@'\H.p nexysd v toeis mXC GEE ° Ha).KM nTte |D|06aBV|Tb (ba[/]n (1 )
‘ [Diopaac 2 RecentDirectoris » [lepengute B nanky ce2020lab
’w”””‘” . master/scripts/nexus4
b cioos ~ | < BblbepuTe dain top.xdc (2)
i o | o Haxure OK (3)
« Haxmute panee (4)

. propsrty —dict { PACRAGE PIN J15
. propsrty —dict { PACRAGE PTIN L16
. propsrty —dict { PACRAGE PTN M13
. propsrty —dict { PACRAGE PIN R15 108
E roperty —dict { PACKAGE PIN R17 IOSV
1 < >

File name: top.xdc

Add Files Files of type: Design Constraint Files (.sdc, xdc)
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CospaHue npoekTa B Vivado
Co3faHve npoeKkTa

Default Part

Choose a default Xilinx part or board for your project. ' Bb|6epeM I_IJ-I MC, yCTaHOBneHHym Ha
nnarte
pars | scars - Beegute B none (1)
R | | xc/a100tcsg324
Category.| All hd Package: All hd Temperature:  All hd o
Family: All hd Speed: All hd Static power.  All hd hd Bb|6epMTe 6bICTpOAeMCTBMe -1 (2)

« Haxmute panee (3)
ﬁearch: 1 ~ (4 matches)

Part I/O Pin Count  Available IOBs  LUT Elements  FlipFlops  Block RAMs  Ultra RAMs  DSPs  Gb Trans:
xc7a100tcsg324-3 324 210 63400 126800 135 0 240 0
%C7a100tcsg324-2 324 210 63400 126800 135 0 240 0
xc7a100tcsg324-2L 324 210 63400 126800 135 0 240 0

Ixc?aT 00tcsg324-1 324 I 2 210 63400 126800 135 0 240 0
< >

(?) < Back Cancel
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CospaHue npoekTa B Vivado
Co3paHue NpoekTa

VIVADQ! e summeny CosJaHue npoekTa 3aBepLIeHo,
HiLx Editions @ A new RTL project named ‘game_xilinx' will be created. H a)I-(M M Te Fi n i S h

@ 17 source files will be added.
@ 1 constraints file will be added.

@ The default part and product family for the new project:
Default Part: xc7a100tcsg324-1
Product: Artix-7
Family: Artix-7
Package: csg324
Speed Grade: -1

v
iA Xl LI NX To create the project, click Finish %
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Kak cnpoekTupoBaTb Urpy?

Llenb — paspaboTaTb YCTPOMUCTBO, BbIBOASLLEE HA IKPAH UTPY C ABYMS ABMXYLLUMUCS
o6bekTaMu (cnpantamm). [lBmKeHme ob6bekTa 1 ocyWwecTBUTb NO FOPU30OHTasNN C
NOCTOSIHHOWM CKOPOCTbHO. [IBUXKeHMe o6bekTa 2 NOCTOAHHO NO BEPTUKANIN U AONOMHUTESNTbHO
KOppPeKTUpyeTcs KHonKamu BrnpaBo/BieBO A/ ABUMXXEHUA BMpaBo/B1€BO COOTBETCTBEHHO.
[pn CTONKHOBEHUN 06BEKTOB NN BbIXOAEe 06BHEKTOB 3a NOJIe 9KpaHa BbIBECTU 3KPaH C
«6enbiM WymMom». Buaeo notok copmmpoBatb Ans ancnnes ¢ uHtepdencom VGA 640x480

60kagpoB/c

FPGA-SYSTEMS.RU

coobuwectso FPGA pazpaboTumnkos


http://www.fpga-systems.ru/

Kak cnpoekTupoBaTb Urpy?

3agaum, pewiaemble g AOCTUKEHUS LLeNn:
1. PaspaboTtaTb Mogynb hopmupoBaHua pa3BepTkn VGA 3agaHHoro opmara
2. OnpepennTb pasamMep 06BHLEKTOB N BapMaHT UX rpaduryeckoro npeacraBfeHus
3. Onpepnenutb nepecevyeHne 06beKToB 1 1 2
4. OnpenennTb 4OCTUXEHME 06BEKTOM 1 MNK 2 rpaHuUL, 3KpaHa
5. 06ecneunTb BBOA U CYUTbIBAHME MHDOPMALIMK C KHOMOK A/ KOHTPONs 06bekTa 2

6.Cospgatb KOHOUrypaunoHHbin ¢ann ansa NJIUC, yctaHoBneHHon Ha nnate Nexus A7
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Nepapxuna npoekTa

top
game
| | | | | | |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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Kak nsobpa)eHue BbIBOOUTCA Ha 3KpaH?
OCHOBHble OCHOBbI OCHOB

3apaua N1 Paspa6boTtaTb moaynb ¢popmMmupoBaHus pa3sépTku VGA 3agaHHoro ¢popmaTta

LnpnHa pkpaHa (W)
r \
ENEENNENNNNOE NN eEE  nvkeens

/

} Ctpoka

~~
I
N—”
@©
I
@®©
Q.
¥—<
m
@©
-
]
e
]
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Kak nsobpa)eHue BbIBOOUTCA Ha 3KpaH?
OCHOBHble OCHOBbI OCHOB

Hauano kagpa
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Kak nsobpa)eHue BbIBOOUTCA Ha 3KpaH?
OCHOBHble OCHOBbI OCHOB

vsync
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Kak nsobpa)eHue BbIBOOUTCA Ha 3KpaH?
OCHOBHble OCHOBbI OCHOB

Pazpemenne QacTora obHoRNeERs UacToTa MHECenel Crporm Kanpsr Homapaocts | [NonspeEocTs
(Tm) IMaxcern Ilepegmwi  Crexpormsamps 3agewi  Crpoxm Ilepemmin  CrExpomwmsanms 3ammmit h_sync v_sync
TOPOMER TOPORER
640x350 T0 25175 640 16 96 48 350 37 2 60 P n
640x350 g5 315 640 32 64 96 350 32 3 60 p n
640x400 T0 25175 640 16 96 48 400 12 2 35 n P
640x400 85 315 640 32 64 96 400 1 3 41 n P
640=480 60 25.175 G640 16 26 48 480 10 2 33 n n
640x480 73 315 640 24 40 128 480 9 i 29 n n
640=480 75 315 G640 16 64 120 480 1 3 16 n n
640x480 85 36 640 56 36 80 480 1 3 23 n n

CcbliKka Ha Tabauuy

YSTEMS.RU
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Kak e cdhopmMmpoBaTb pasBepTKY Ha 9KpaH?

[paduueckoe npeacraBneHne Momyns VGA MapameTpbl MOAYNA vga CYETYMKM NUKCeSen N CTPOK
|_"|.|"ga always @*
AUbLepibas e s begin
if (hpos == H_MAX)
H DISPLAY = 640, Horizontal display width begin
H_FRONT = 1sg, Horizontal ri =r (front porch d_hpos = 1'd0;
g c = 9 H
display_on S o £ (voos — vmn)
b E—— - d_vpos = 17d0;
else
e EaEEs EEe el d os = os + 1'dl;
clk hpos[9:0] e T
- 1 F—— V_DISPLAY = 480, Vertical display height else
V_BOTTOM = 10, Ver 1 begin
reset hS}f‘ﬂC V_SYNC = 2, Vertical sync # line d_hpos = hpo““‘_* 1rdi;
_———t V_TOP = 33, Vertical top border Fnj*VPDS - VEeS:

end

vpos[9:0]
Ycnosusa hopMupoBaHus yrpaBisiowmnx CUrHanos

VSync —
hsync <= ~ ( d_hpos >= H_SYNC_START
&& d_hpos <= H_SYNC_END )i
vQga vsync =~ d_vpos >= V_SYNC_START
&& d_vpos <= V_SYNC_END )i
display_on <= ( d _hpos < H_DISPLAY
&& d_vpos < V_DISPLAY )i
hpos <= d_hpos;
vpos <= d_vpos;
end
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Nepapxuna npoekTa

top
game
| | | | | | |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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O6beKTbl 112

3apayda N22. OnpepgenuTtb pa3smep
06 bEKTOB U BapuaHT ux rpaduueckoro
npeacTaBneHusa
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O6beKTbl 112

LLla6noH o6bekTa (game_sprite_top.v)

module game sprite top
#(
parameter SPRITE WIDTH
SPRITE HEIGHT

DX WIDTH
DY WIDTH

ROW O
ROW 1
ROW 2
ROW_3
ROW_4
ROW_5
ROW 6
ROW 7

strobe to update Xy counter width

32'h000cc000
32'h000cc000
32'h000cc
3Z2"hccec

32'h

32'h000cc000
32'h000cc000
32'h000cc000

20

> Co3paHue 06beKToB

FPGA-SYSTEMS.RU

game_sprite top

£
.SPRITE_WIDTH
.SPRITE_HEIGHT

DX WIDTH
.DY_WIDTH

.ROW_0
.ROW_1
.ROW_2
.ROW_3
.ROW_4
.ROW_5
.ROW_6
.ROW_7

(
(

g
=]

.strobe_to update xy counter width

(strobe_to_update_xy_counter_width)

)
sprite torpedo

game sprite top

#(
.SPRITE WIDTH ( 8 ),
.SPRITE_HEIGHT ( 8 ),
.DX_WIDTH (29,
.DY WIDTH (1),
LROW 0 ( 32'h00 ),
SROW_1 ( 32'h00C ),
.ROW 2 ( 32'h0 ),
.ROW_3 ( 32" ),
.ROW_4 ( 32'hb 'y,
.ROW_5 ( 32'h0 ),
.ROW_& ( 32'h00C ),
.ROW_7 ( 32'h00 ),

.strobe_to_update_ xy counter_ width
(strobe_to_update_xy_counter_width)
)

sprite_targest

coobuwectso FPGA pazpaboTumnkos
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O6beKTbl 112

sprite_display

_D rgb[2:0]
g
clk rgh[2:0] D rgb_en
pixel_x[9:0] D_| pixel_x[9:0] rgb_en | -
ixel y[9:0] D pixel_y[9:0] sprite_out_bottom([9:0] |_D sprite_out_bottom([9:0]
pixel_y[9:
reset sprite_out_left[9:0] D sprite_out_left[9:0]
dk [ 0— sprite_control sprite_x[9:0] sprite_out_right[9:0] o
reset [ = sprite_y[9:0] sprite_out_top[9:0] I—D sprite_out_right[9:0]
clk sprite_within_screen I D sprite_out top(9:0]
sprite_enable_update Di reset - - prite_outtopl=
game_sprite_display

sprite_enable_update sprite_within_screen

v

sprite_write_dx[1:0]

I sprite_write_dx[1:0] sprite_x[9:0]

sprite_x[9:0]

sprite_write_dxy sprite_write_dxy sprite_y[9:0]

sprite_y[9:0]

e

sprite_write_dy[1:0]

sprite_write_dy[1:0]
sprite_write_x[9:0]

sprite_write_x[9:0] D—I sprite_write_xy

| sprite_write_y[9:0]

U

sprite_write_xy

sprite_write_y[9:0] D—

game_sprite_control
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Nepapxuna npoekTa

top
game
| | | | | | |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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3agada Ne3
Onpenenntb nepecevyeHne o6bLeKToB 11 2

SRS S S BN TN SN N S

AN e ] —
rigth_1 < left_2 rigth_2 < left_1

0 bottom_1 < top_2 bottom_2 < top_1
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3agaya

Ne3

overlap

bottom_1[9:0]

bottom_2[9:0]

left_1[9:0]

left_2 [9:0]_

right_1[9:0]

right_2[9:0]

top_1[9:0]

top_2[9:0]

overlap

game_overlap

FPGA-SYSTEMS.RU

OnpepensieMm nepeceyeHne 06HLEKTOB

always @
if |

else

(posedge clk or posedge reset)

reset)
overlap <= 1'b0;
overlap <= ! (

right 1
right 2
bottom 1
bottom 2

left 2
left 1
top 2
top 1

)i

coobuwectso FPGA pazpaboTumnkos
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Nepapxuna npoekTa

top
game
| [ | | [ [ |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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Mixer

out
l1
sel
MynbTunaekcop

mixer

display_on |

end_of game_timer_running
game_won

random

sprite_target_rgb[2:0]
sprite_target_rgb_en |
sprite_torpedo_rgb(2:0]

sprite_torpedo_rgb_en |

game_mixer

FPGA-SYSTEMS.RU

rgb[2:0]

always @ (posedge clk or posedge reset)

1f (reset)

rgb
else if
rgb
else if
rgb
else 1if
rgb

else if

<= 3'b0O00;
(! display on)
<= 3'bO00;

(end of game timer running)

<= { 1'bl, ~ game won, random };
(sprite torpedo rgb en)

<= sprite torpedo rgb;

(sprite target rgb en)

<= sprite target rgb;

<= 3'"b0O00;

coobuwectso FPGA pazpaboTumnkos



http://www.fpga-systems.ru/
https://ru.wikipedia.org/wiki/Мультиплексор_(электроника)

Nepapxuna npoekTa

top
game
| | | [ [ |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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[ eHepaTop nceBAOCNy4YanHOU Nocnie4oBaTe/IbHOCTU

Peructp casura c AMHeMHoM obpaTHowm ceasbto (PC/10C,
aHrn. Linear Feedback Shift Register, LFSR)

fl— : Fibonacci LFSR [E = : Galois LFSR

random_generator always @(posedge clk or posedge reset)
if (reset)
random <= 1e¢'b1111111111111;
clk random(15:0] else
———— (|
random <= { random [14:0], 1'b0O }
LESEt | ~ { random [15] 7?2 1le'b1lOOOQOOCOOOL1I0LL = 1&e'kh0O);

game_random
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Pnsnyeckn HeKNOHUPYeEMble PYHKLK
Cny4yanMHOCTU He clly4yanHbl

a 1 0 pees 1 JJsi FPOA sansoro ypoons e 1 0630p
L]
s

= roaa-syscomera FFGA Sysieme

Challenge

Aurbiter

J- Response FPGA Ha4ansHoro ypoBHS - 4acTs 2 :: PUF n cTpyKTypa npoexTa
D aQ—» = FPGA Systems
g lor®

Pa3pa6aTbiBaeMbiii HAMM NPOEKT 3aTPOHET MHOIMe acneKTbl
npoeKkTupoBaHus Ha #FPGA:

*MCNosib3oBaHMe aTpubyToB sisbika #VHDL u #Verilog; paccmoTpum paboTy
B IP Integrator;

*cob6epéM MpoLLECCOPHYHO cUCTeMyY Ha 6a3e codT-npoueccopa #MicroBlaze
*HanuweM Kog ans 3ToM NPoLEeCCOPHON CUCTeMbI Ko Ha sisbike C;
*HayYMMCsl HakKnaAablBaTb Ha NPOEKT PU3NYEeCcKne orpaHnYeHus;

paccMoTpuM ucnonb3osaHue TCL komaHp; S1= e ez

7 UacTs 8.2 = OTnagka u sanyck PUF

* N3y4nM HenocpeacTtBeHHO CaM A3blK TCL,;

<uacTs 2 : npukpy PUF K it nevTe

*npoBeAEM OTNIaAKy NPOEKTa C MOMOLLbHO JIOTMYECKOr0 aHannsaTopa.

CcbliiKa Ha Kypc
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Nepapxuna npoekTa

top
game
| | | | | |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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KOHeyHble aBTOMaTbl

/ YcnoBue nepexopa B Apyroe coctosgHme KA

a==1b1

Mepexopn B Apyroe coctosAHne KA

CocTosiHne KA HasBaHue coctoaHmusa KA

reset

a==1b1

a==1'b0 b==1"b1

a==1'b0 && b==1'b0

KoHeuHbI1 aBTOMAT COCTOAHWI abCTPaKTHOro YCTPONCTBa
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KOHeyHble aBTOMaTbl

Figure 10: Simplified State Diagram

R, “and
soon
Flomanys(aln RESET _ SAX* =SRXwith NOP
CKE L
Power
&pp‘wﬂ Reset
RESET | rocedure
TEN 1 A
TEN=1

/ mn - S
20 / )
calibratior] T ol dle g ReF i
TEN=0
=" RESET B
-

CKE L

ACT PO
NN
CKE L ‘ -
.
@7 )
ctive recharge
pdou\cr power
own /s down
> Ciox ;

BDE

WRITE WRITE _.VV. . READ, READ
. Wi # READ A Teel,
4 READ. \\ S
\\ -

: / WRITEA | READ A

: = . PRE, PREA E

: PRE, PREA PRE, PREA

: e b e

' Tk Vo

"""""""""""""""""" Automatic

,,,,,,,,,,,,,,,,,, -
sequence
Command
sequence
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KOHeyHble aBTOMaTbl

reset —>
BxogHble Jloruka N
CUrHanbl NepEXonoB

(next state)

FPGA-SYSTEMS.RU
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clock —>>

Peructp
COCTOSAHUN
(state register)

Tonbko ana KA Munu

>

Jlornka
BbIXO4,0B
(output logic)
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KOHeyHble aBTOMaTbl

v
reset —>
BxoaHble N Jlornka
curHanbl | epexonos g
(next state)
clock ——>>

always @*

Peructp Jlornka
COCTOSAAHUM > BbIXO0B
(state register) (output logic)

always @ (posedge clk or posedge reset)

*Moapo6Hee 0 CTUNAX ONMCaHNUS KOHeYHbIX aBToMaToB: 1, 2, 3, 4(cTtp 270)
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KOHeyHble aBTOMaTbl

reset

a==1'b0 && b==1"b0

KoaunpoBaHue cocTosiHuim KA

O6HoBeHWe cocToaHUN KA

HOFMKaCﬂeﬂyKMueFOCOCTOﬂHMH

localparam [1:0] S0 = 2'b00,
S1 = 2'b01,
S2 = 2'bl0;

Peructp coctosHunn KA

reg [1:0] state, n state;

FPGA-SYSTEMS.RU
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always@ (posedge clk) begin
if (reset) begin
state <= 50;
end else begin
state <= n_ state;

end

oy

always @* begin
n_state = state;
case (state
S0 if (a) begin
n_state = S1;
end else begair
n state = 352;
end
s1 if (b) begin
n_state = 52;
end
S2 1f (a==1'b &&
n_state = 50;
ena
efault: n_state = 8
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KOHeyHble aBTOMaTbl

reset

OTnuumne 6UHapHOro KoanposaHusa, koaa pes n koga [)KoHCoHa

BUHapHbIN Kog, Kop,
Kopa, lpes J)KOHCOHa

a==1'b0 && b==1'b0 0 0000 0000 0000
1 0001 0001 0001
localparam [1:0] S0 = 2'B00, | Binary coding style 2 0010 0011 0011
5ho= 2'hol, 3 0011 0010 0111
s2 = 2'b10;
4 0100 0110 1111
localparam [2:0] S0 = 3'b00L, | gnahot 5 0101 0111 1110
s1 = 3'bo1l0,
o = 3epron, 6 0110 0101 1100
7 0111 0100 1000
localparam [3:0] S0 = 4'B1110,| NonpzoBaTenbckuit BapuaHT
S1 = 4'b1101,
S2 = 4'b0110;

FPGA-SYSTEMS.RU
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[naBHbI YNpaBnAToOP NpoekTa

end_of_game

localparam [1:0] STATE_START =
STATE AIM
STATE_SHOOT
STATE END =

o
w N o= o

launch_ke
reset —&Y

wire end of game
= ~ sprite_target_within screen
end—Of—game | ~ sprite torpedo_within_screen

| collision;

I'end_of_game_timer_running

STATE_SHOOT:
begin
STATE START: STATE_AIM: d_sprite_torpedoc_write dxy = 1'bl;
begin begin
d sprite target write Xy = 1'bl; d _sprite target enable update = 1'bl; d_sprite_target enable update = 1'bl; i
disprlteitorpedg ertg 2y = 1'bi; d_sprite_ torpedc_enable update = 1'bl; = e
- - - - if (end_of game) -
begin if (collision) £t running)
d sprite target write dx = 1'bl; ' e R
P rardget Ry d_end of_game timer start = 1'bl; d_game_won = 1'bl;
n
d_game_won = 1'b0; d_state = STATE_END; if (end_of_game)
end begin
d state = STATE AIM; else if (launch key) d_end of game_timer start = 1'bl;
end begin
d_state = STATE END;
d_state = STATE SHOOT; - -
- - end
end end
end

FPGA-SYSTEMS.RU
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[naBHbI YNpaBnAToOP NpoekTa

ter_fs
as — game_master_fsm_1_regular_state_encoded.v
________________ Elk__ __end_of_game_timer_start
collision_ __1 game_won
end_of_game_timer_running__ __sprite_target_enable_update
launch_key _ _spritejargetiwritefdxy
_______________ reset | _ _sprite_target_write_xy
sprite_target_within_screen_ | _ _sprite_torpedo_enable_update
spriteftorpedofwithinfscreen_ | _spriteftorpedofwritefdxy
_sprite_torpedo_write_xy

game_master_fsm_1_reqgular_state_encoded

@ game_master_fsm_2_special_style_one_hot (game_master_fsm_2_special_style_one_hc

© game_master_fsm_3_special_style_signals_from_state (game_master_fsm_3_special_style_signals_from_state.

FPGA-SYSTEMS.RU
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Nepapxuna npoekTa

top

game

sprite_target mixer overlap i_vga master_fsm

sprite_control sprite_display

strobe_generator

FPGA-SYSTEMS.RU

random_generator timer

sprite_torpedo

sprite_display

sprite_control

strobe_generator
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Timer

game_timer.v

th11er always @ (posedge clk or posedge reset)
if (reset)

begin
running <= 1'b0;

clk end
_______ else if (start)
reset running begin
_______ ——— counter <= value;
ctart running <= 1'bl;
end

else if (running)

value[24:0 begin
if (counter width, 1'b0 })

= {
. . e
game_timer running <= 1'b0;
counter <= counter - 1;
end

FPGA-SYSTEMS.RU
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Nepapxuna npoekTa

top
game
| | | | | |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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Moaynun BepxHero ypoBHS

Mogaynb BEpXHero ypoBHs top.v

module top
¥

input
input

input

output

output
output
output

parameter clk mhz = 100,

strobe to update xy counter width =

[3:
[3:

o o
= =
o
a l‘-ﬁl
[0
=

hsync,
vsync,
[2:0] rgb

20

Mogaynb urpbl game_top.v

clk

i_game_top

launch_key

left_right_keys[1:0]

reset

FPGA-SYSTEMS.RU
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rgh[2:0]

vsync
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Nepapxuna npoekTa

top
game
I
| | | l | | |
sprite_target mixer overlap i_vga master_fsm random_generator timer sprite_torpedo
sprite_control sprite_display sprite_display sprite_control
strobe_generator strobe_generator
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MapuwpyT npoekTupoBaHusa B Vivado

emBeseniny NodgEmedbegrty || SoMHAE GsSormen 9TO NOMHbIA BapuMaHT MapLUpyTa NPOEKTUPOBaHUS B
iﬁ:?—ﬁg?—?i:;gerll MATLAB® and Simulink® Software . p p py p p
Smivesis | | | S BT || ot compose Vivado. OgHako, B paMKax LLUKOJbl Mbl paCCMOTPUM
i } TOJIbKO 6a30BbI MapLPYT NpoeKkTupoBaHus ans RTL,
i otet S “WemIeit| | KOTOPbIA BKOYAET B cebs:
Ggﬂ;gyx;:;gnlf Embedded Processor Design * CO3gaHune n po eKTa
Dersopment e no6aBneHne NCXoaHNKOB
|
p— 3 » Elaborate npeacTaBneHue
| Logic Simulat\on | ° CM HTe3
DV”:;;?;:S;“O” <—>| Assign Logical and Physical Constraints |<— ° M MIMJ1eMeHTa Ul ns .
I ! | » Co3faHune KoHpurypaunoHHoro danna
Logic Synthesis

'
4,' Implementation I
Y

| Timing Closure and Design Analysis Y I

T
Y

44 Generate Bitstream, Programming, and Debug I-—
' ,

Export to Vitis™ Software
Development Platform

Y

Processor Boot and Debug

Hardware Bring-Up and Validation
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Vivado — akcnpecc Kypc
[[panyeckmnm nHTeppenc

File Edit Flow Tools Reports Window Llayout View  Help Qu M e H I'O Implementation Complete  +/
> B oH = Default Layout v
~ PROJECT MANAGER
Sources ?_0O0O X Project Summary 200 X
£ Settings
a = = + L] Overview | Dashboard OCHOBHOe pa6ol-|ee none
Add Sources
Design Sources (6 N My
Language Templates Verilog Header (2 M epa pXMH I-I poe KTa Settings  Edit
& P Catalog ®: top @ Project name: game_xilinx
M a p LU pyT ® game master_fsm_2 special_style_one_hot (¢ Project location: D:/Projects/ce2020labs-master/game._xilinx
v rﬂ'NTEGRATOR ® game_master_fsm_3_special_style_signals_from_state Product family: Artis-7
peg?egotéa;!lfgl’po' ® game_sprite_display_pipelined (g v Project part: x€7a100tcsg324-1
< 2 Top module name: top
BaH MH Hierarchy  Libraries Compile Order .
Target language: Verilog
Simulator language: Mixed
Properties ? 00X
[ SIMULATION o Synthesis Implementation Summary | Route Staft
Run Simulation Y 6 6
CBoiicTBa BbIOPAHHOIO 06beKTa [ ¥ Compiete Status ¥ Gomplete
Messages: 16 critical warnings Messages: 16 critical warnings
™ RTL ANALYSIS
16 warnings 16 warnings
Select an object to see properties
> Open Elaborated Design Part: XCTa100tcsg324-1 Part: xc72100tcsg324-1
Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
[~ SYNTHESIS Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Re w|
< >
P Run Synthesis
> Open Synthesized Design Tcl Console Messages Log Reports Design Runs X 2 _0O
Q = 2 + %
[~ IMPLEMENTATION
Name Constraints ~ Status WNS  TNS WHS  THS TPWS  Total Power Failed Routes LUT FF BRAM URAM DSP Start Elapsed  Run Strategy
¥ Run Implementation  synth 1 constrs_1 synth_design Complete! 298 282 00 0 0 9/2/20,9:33PM  00:00:58 Vivado Synthesis Defaults*[Vi
> Open Implemented Design ~ impl_1  constrs_1 route_design Complete! 4860 0000 0.155 0000 0000 0.125 0 296 282 00 0 0 9/2/20,9:36PM  00:01:45 Vivado Implementation Derat
KOHCO/b, OLUMOKM, OTYETDI, 10MU
"~ PROGRAM AND DEBUG < >
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Vivado — akcnpecc Kypc

Flow Navigator &
v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

TF IP Catalog

~ IPINTEGRATOR

Create Block Design

¥ SIMULATION

Run Simulation

¥ RTL ANALYSIS

IV Open Elaborated Design I

Report Methodology
Report DRC

A Schematic

.S game_xilinx

File Edit Flow  Tools

=
7
Flow Navigator
v PROJECT MANAGER 1

£ Settings

Add Sources

/Projects/ce2020labs-master/game_xilinx/game_xilinxxpr] - Vivado 2020.1

Reports

Eloorplanning

1O Planning

Schematic

Show Hierarchy

U

Window

Hierarchy

Show Hierarchy

Layout View Help Show Hierar

>

, -1

Fb

nary Hierarchy
> a a (o=
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top 459
game 418 |7
sprite_torpedo 132 |sprite_target 130
e st 7 | s iy 7
ivaa 43 [timer 3¢ rmefn 2
Lea Cels | Learcalis E

top (459)

game (418) Leaf Cels (41)

sprite_torpedo (132) sprite_target {130) i_vga (49) fimer35)

sprite_display (75) | seite_control (5T) 'sprite_display (75) | sprte_contil i55) Leaf Cels (49) saf Calls (35)

Leaf Cells (75) | “**"®™™"" |Leaf Cells (75) ™" ™"
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[TOCT CUHTES
N3 Koga B perucTpbl U IOrnKy

v  SYNTHESIS Sources INetIist xI -I 2 _0O@
P Run Synthesis = E?} (M”M HaXaTb F4) o

top
IV Open Synthesized Design I Nets (216
Leaf Cells (133

Constraints Wizard
game (game,top) 2

Edit Timing Constraints

4k Set Up Debug

) Report Timing Summary

Project Summary »  Schematic x 200
Report Clock Metworks a 3| ® (o T - C | 1ce &
Report Clock Interaction
game
Report Methodology
Report DRC i | | hsync
Repor‘t Noise Iaun(hikey__ __rgb[Z:O]
I left_right_keys[1:0] Vsync
Report Utilization S—te— -1
reset_
& Report Power
game_top
Y1 Schematic
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[1OCT CUHTES
[ToakntodeHune Hoxek NJINC kK mogynto

= o X

aster/game xilinx/game xilinxxpr] - Vivado 2020.1

¥ SYNTHESIS Window  Llayout VMiew  Help She s Window Layout View Help Show Hierarchy
P Run Synthesis 4 ® » B ¥ 6 8 8 =
. I Project Summary i | SYNTHESIZED DESIGN - xc7a100tcsq324-1
IV Open Synthesized Design I b Sources St Device Constraints
Constraints Wizard 4 T P Catalog = L
Properties
Edit Timing Constraints i . 2
Selection
’ arsv
4k Set Up Debug Highlight ’\n\)r v
L. ] Drop 1/0 banks o ges or the “NONE" folder to set/unset Internal VREF.
9 Report Timing Summary | Mark ’ N :
Netlist
Report Clock Networks ] Hardware Device Properties
Device Constraints P
Report Clock Interaction Physical Constraints
Report Methodology Timing Constraints
Package Pins 1/0 Ports
Report DRC a z ¢ [+ l_l ©
H 1/Q Ports 0 ||% A
Report Noise \Aame.‘ Direction Neg Diff Pair  Package Pin Fxed  Bank 1ostd Veco Vref  Drive Strength Slew Type Pull Type Off-Chip Te
All ports
o an our 7 (Multiple) 2 v oslow v NONE v FPVTTS0
Report Utilization ed our v 12 v slow v NONE v
@ rgb out v 5 3.3 12 v slow v NONE v
& Report Power " N @ (Multiple) (Maitip -~ (Multiple NONE v
- Scalar ports

"1 Schematic
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[ToCcT umnnemMmeHTauus

IMPLEMENTED DESIGN - xc7a100tcsg324-1
Delete (Delete)

v IMPLEMENTATION Netlist
] =
P Run Implementation .
op
- Nets (192
> Open Implemented Design
Leaf Cells
game
Properties
o Implementation successfully completed.
Mext
Generate Bitstream Q = B
View Reports General Information
Don't show this dialog again Timer Settings

Design Timing Summary
m Cancel Clock Summary (1

Check Timing (47

Intra-Clock Paths

Inter-Clock Paths

Other Path Groups

User Innored Paths

Timing Summary - impl_1 (saved)
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-~

: Design Timing Summary

Setup

Worst Negative Slack (WNS):

Total Negative Slack (TNS):

4,860 ns
0,000 ns

Number of Failing Endpoints: 0

Total Number of Endpoints:

367

Device

S
P &

Timing
Hold
‘Worst Hold Slack (WHS): 0,155 ns
Total Hold Slack (THS): 0,000 ns

Number of Failing Endpoints: 0
Total Number of Endpoints: 367

All user specified timing constraints are met.

Pulse Width
Worst Pulse Width Slack (WPWS): 4,500 ns
Total Pulse Width Negative Slack (TPWS): 0,000 ns
Number of Failing Endpoints: 0
Total Number of Endpoints: 283
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[ToCcT umnnemMmeHTauus

top
Nets (192
Leaf Cells (133

game (game_top
Nets (143
Leaf Cells (6
B ivga

master_fsm (game_master_fsm_1_regular_state_encoded

L
"

EgEgn

T LELEL

4

mixer (game_mixe

overlap (game_overlap

E random_generator (game_random

E sprite_target (game_

sprite_torpedo (g2

H timer (game_time

*[1n51 3aKpacKu: npaBomn KHOMKon Mbiwmn no moaynto B Netlist -> Highlight Leaf Cells -> BbibpaTtb uBeT
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[ToCcT umnnemMmeHTauus

CBofHas Tabnuua 3aHATbix pecypcoB (Report Utilization)

~ IMPLEMENTATION
P Run Implementation
~  QOpen Implemented Design
Constraints Wizard
Edit Timing Constraints
9 Report Timing Summary
Report Clock Networks
Report Clock Interaction
Report Methodology
Report DRC
Report Noise
& Report Power

"1 Schematic
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Name “, Slice LUTs

(63400)
top 296
game (game_top 278
& i_vga 39
master_fsm (game_master_fsm_1_regular_state_encoded 4
mixer (game_mixe 4
overlap (game_overlap 21
[B random_generator (came_randorm 2
[ sprite_target (game_sprite_top 84
sprite_torpedo (game sprite top_| eterize 89
B timer (game_time 32

Slice Registers
(126800)

282
250
28
7

3

1
16
80
89
26

Slice
(15850)

126
106
12
2

2

g

5
42
42
11

LUT as Logic
(63400)

296
278
39

Bonded IOB
(2100

[=a]
[=2]

oo o o o o o o o o

BUFGCTRL

(32)

o o o o o o o o O
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[locneaHwuun war
Co3gaHue KoHpuUrypaunmoHHoro ganna

PROGRAM AND DEBUG

Vi Generate Bitstream ARDWARE MANAGER - unconnected

© No hardware target is open] Open target 1

N EXYS | e & Auto Connect 2

Artix"-7 power, priced foll g

> Open Hardware Manager

Open New Target...

Bitstream Generation Completed X

o Bitstream Generation successfully completed.

Next

Open Implemented Design
View Reports
1 pen Hardware Manager
Generate Memory Configuration File

Don't show this dialog again

2
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[locneaHwuun war
Co3gaHue KoHpuUrypaunmoHHoro ganna

HARDWARE MANAGER - localhost/xilinx_tcf/Digilent/210292AATAESA

© There are no debug c%s. Program devicel Refresh device

Hardware ? - DX ‘.Program Device X

Q| =

an
o

Select a bitstream programming file and download it to your hardware device. You can optionally select a
Name Status debug probes file that corresponds to the debug cores contained in the bitstream programming file. ‘

I localhost Connected

are Device Properties

M + xilinx tcf/Digilent/21029: Open

@ xc72100t0(1) 1 Programmed
XADC . Debug probes file:

Bitstregm file: 3 D:/?ro}e(ts/game_xilmx_/game_x|l|!\x,!uns‘/lmp|_1_/'(0.'.).0:!,1

Hardw

v'| Enable end of startup check
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YTo 6yaeT aanblue?

1. J[o6aBbTe elle 0OguH cnpanT == +1 K KapMme

2. CpenanTe cyeTymnK nobepn u nopaxKeHMn c BbIBOAOM pesysibTaTa Ha aKpaH
3. [ob6aBbTe BTOPOro Urpoka

4. Wrpa B AOMOHANKMU

5. PacwunpbTe dyHKUMOHAN [OMNONHUTENbHBIMU MOAYNSAMMU

6. [lMorpysutecb B uccnegoBaHus. lMocTporTe reHepaTop Wyma Ha GU3NYECKN HEKITOHUPYEMOW
¢byHKumm (PUF)
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https://www.youtube.com/playlist?list=PLWMg96mLREOeHuNGxkIUo-iCHPxdReQAX

KneTtoyHble aBTOMaATbI

XX1n3Hb MypaBbA

MypaBei JISHITOHa — 3TO ABYMEPHbIA KNETOYHbIM aBTOMAT C O4E€Hb NPOCTbIMU
npaBmMnamm, n3obpeteHHbin Kpncom J1aHrtoHom[1]. Wiki
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Ha ITJINC

#pga [§ =8es

L1 4
H EEEE L LN N
= EEE EES

#langton o

Ccbl/ZIKa Ha CTPUM

ZMypaBeﬁ J1aHrToHa

®8 FPGA cTpum #34

N {/ Mypasgeii JIsHrToHa
," A na ANC

Yactb 2

HE
dk =2 i

CcblZIKa Ha CTPUM

#langton|
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e Hantm FPGA KOMbIOHUTU?

% fpga-systems.ru

t.me/fpgasystems <=> @fpgasystems

(>) youtube.com/c/fpgasystems

\in@fpga-systems.ru
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