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3. Hafta Icerigi

 Kombinasyonel Devreler (Combinational Circuits)
* FPGA Nedir?
* Vivado Tasarim Aracli
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Vivado Tasarim Araci

_ Donanim RTL FPGA
Algorltma Mimarisi Tasarim Sentez I Gergekleme Konfigurasyon

Davranigsal Zamanlama Cip ici
Dogrulama

e Tasarim AKisi

Dogrulamasi Dogrulama

Dogrulama
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Verilog — Kombinasyonel Devreler

FPGA Nedir?
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Verilog — Kombinasyonel Devreler

FPGA Nedir?
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Cip Tasarimi Egitimi

FPGA Nedir?

* FPGA (Field Programmable Gate Arrays) entegre bir ciptir.

* |cerisinde programlanabilir bloklar ve bu bloklar arasinda konfigiire edilebilir
baglantilar bulunmaktadir.

* Bu bloklar ve baglantilar programlanarak, istenilen devre FPGA’in icerisinde
gerceklenebilmektedir.

Ornek FPGA Cip’i
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Cip Tasarimi Egitimi

FPGA Nedir?

* Bazi FPGA’ler sadece tek seferlik programlanabilmektedir.

* Bu FPGA’lere one-time programmable (OTP) denmektedir.
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Cip Tasarimi Egitimi

FPGA Nedir?

* FPGA’in acilimindaki "Field Programmable" kismi, alanda programlanabilir, yani hangi is icin kullanilacak
ise, o alan ile alakali mantiksal tasarimin yiklenebilecegini ifade etmektedir.

e Bunun anlami, FPGA cipleri fabrikada Uretildikten sonra, sonradan istenilen tasarimin icerisine
atilabilmesidir.
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Cip Tasarimi Egitimi

Neden FPGA onemlidir?

Cok cesitli entegre devreler (IC — Integrated Circuits) bulunmaktadir.

Bellek

Mikroprosesorler

Programlanabilir mantik cihazlari (Programmable logic devices)
* SPLD (Simple)
* CPLD (Complex)

Uygulama spesifik entegre devreler (ASIC — Application specific integrated circutis)
Ve FPGA'ler ...
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Cip Tasarimi Egitimi

PLD’ler

* ic mimarisi PLD Ureticisi tarafindan énceden belirlenmistir.

FPGA'ler gibi alanda programlanabilir yapilardir

Ancak FPGA’lere kiyasla cok daha basit ve kicukturler.

Kiguk olmasi sebebiyle FPGA’lerde kurulabilen blyuk devreler, PLD’lerde kurulmasi daha
zordur.
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Cip Tasarimi Egitimi

ASIC’ler

e Bu yapilar yiz milyonlarca mantik kapisini icerebilmektedirler.
* Devasa ve karmasikhgi yiksek devrelerin gerceklemesinde faydalidirlar.
* ASIC’ler sadece belirli bir islemi yapmak Utzere lretilmis entegre devrelerdir.

* ASIC’ler ¢cok ylksek performans (yliksek frekanslarda calisma) getirsede, ASIC tasarimi karmasikligi ve
tasarim zamani ve maliyetleri oldukca yuksektir.

* Ve Uretilen cipler modifiye edilemez. Cipte bir hata olmasi durumunda Uretilmis bitun cipler ¢ope
atilacaktir.
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Cip Tasarimi Egitimi

FPGAler

* Bu nedenle FPGA’ler PLD ve ASIC’ler arasindaki boslugu doldurmaktadir.
 FPGA’Ler PLD’ler gibi programlanabilir yapidadir.
* Ancak PLD’lere gore cok daha fazla programlanabilir alani vardir.

e ASIC’lerin aksine; ortaya cikan tasarimda bir hata olmasi durumunda, tasarim tekrar tekrar modifiye
edilerek test edilebilir.
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Cip Tasarimi Egitimi

FPGAler

* FPGA’ler ASIC’lere gore ¢ok daha ucuzdurlar. (ASIC’ler ancak milyonlarca adet Uretildiginde birim
maliyeti ucuz olmaktadir)

* FPGA’ler Gzerinde tasarim gelistirmek ASIC bir tasarim yaratmaya gore ¢ok daha kolaydir.
e Tasarim suresinin az olmasi nedeniyle, bir Griin Uretileceginde, piyasaya ¢ikma suresi daha kisadir.

* Tasarim ekipleri ASIC’te yatirilmasi gereken NRE (Non recurring engineering) yatirimini yapmadan,
FPGA Uzerinde tasarimlarini gelistirmeleri mimkuin olmaktadir.
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Cip Tasarimi Egitimi

FPGA'in agirlikl olarak kullanildigi sektérler ve uygulama alanlari

e Telekomiinikasyon

* Ag haberlesmesi

e Otomotiv

* Saglik

e Cesitli endustriyel uygulamalar

e ASIC tasarimlarinin prototipleri

» DSP (Digital signal processor) uygulamalari

* SoC (System on Chip), tiim gerekli elektronik sistemin bir araya toplandigi tek bir IC
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Cip Tasarimi Egitimi

FPGA'lerin girdigi pazarlar

e ASIC: Bir cok ASIC uygulamasi artik FPGA’ler ile yapiimaktadir.
 DSP: GUnumuz FPGA’leri ile sinyal isleme uygulamalari, DSP

cihazlarina gore cok daha yuksek hizlarda yapilabi

mektedir.

* Mikrokontrolorler: Basit kontrol fonksiyonlari icin kullanilan

mekanizmalardir. FPGA fiyatlarinin d

tusmesi ile bu

pasit gorevleri

gormesi icin FPGA’in icerisine soft is

emciler gomu

mekanizmayi gormesi saglanmaktadir.

erek ayni
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

* Hesaplama Gucu
* Nanosaniye mertebesinde giris alma ve cikti verebilme
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[0]=a[0]+b[0]; c[0]<=a[0]+b[O];
c[1]=a[1]+b[1]; c[1]<=a[1]+b[1];
c[2]=a[2]+b[2]; c[2]<=a[2]+b[2];
c[3]=a[3]+b[3]; c[3]<=a[3]+b[3];

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[0]=a[0]+b[0]; === c[0]<=a[0]+Db[0];
c[1]=a[1]+b[1]; c[1]<=a[1]+b[1];
c[2]=a[2]+b[2]; c[2]<=a[2]+b[2];
c[3]=a[3]+b[3]; c[3]<=a[3]+b[3];

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[0]=a[0]+b[0]; c[0]<=a[0]+b[O];
c[1]=a[1]+b[1]; === c[1]<=a[1]+b[1];
c[2]=a[2]+b[2]; c[2]<=a[2]+b[2];
c[3]=a[3]+b[3]; c[3]<=a[3]+b[3];

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[0]=a[0]+b[0]; c[0]<=a[0]+b[O];
c[1]=a[1]+b[1]; c[1]<=a[1]+b[1];
c[2]=a[2]+b[2];, =——= c[2]<=a[2]+Db[2];
c[3]=a[3]+b[3]; c[3]<=a[3]+b[3];

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[0]=a[0]+b[0]; c[0]<=a[0]+b[O];
c[1]=a[1]+b[1]; c[1]<=a[1]+b[1];
c[2]=a[2]+b[2]; c[2]<=a[2]+b[2];
c[3]=a[3]+b[3]; === c[3]<=a[3]+b|[3];

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[0]=a[0]+b[O]; c[0]<=a[0]+b[0];
c[1]=a[1]+b[1]; c[1]<=a[1]+b[1];
c[2]=a[2]+b[2); c[2]<=a[2]+b[2];
c[3]=a[3]+b[3]; c[3]<=a[3]+Db[3];
¢[1000])=a[1000]+b[1000]; —==—= ¢[1000]<=a[1000]+b[1000];
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Cip Tasarimi Egitimi

FPGA Kullanim Nedenleri

e

Islemciler FPGA
c[O]=a[0]+Db[O]; c[0]<=a[0]+b[0];, —T=—=
c[1]=a[1]+b[1]; c[1]<=a[1]+b[1]; —===
c[2]=a[2]+b[2]; c[2]<=a[2]+b[2]; —=—
c[3]=a[3]+b[3]; c[3]<=a[3]+b[3];, ———
¢[1000]=a[1000]+b[1000]; ¢[1000]<=a[1000]+b[1000]; ~===
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Cip Tasarimi Egitimi
FPGA Kullanim Nedenleri

Islemciler
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Cip Tasarimi Egitimi
FPGA Kullanim Nedenleri

CPU FPGA

1000 adet islem icin(her iglemin 1 clock 1000 adet islem igin(her islemin 1 clock
cycle surdugu varsayilrmistir), cycle sirdugu varsayiimistir),

Ortalama Mikro islemci hizi: 3 ghz igin,

isletim sistemi yok dusunulduginde Ortalama fpga frekansi: 100 mhz igin

Gerekli zaman = islem sayisi X (1/Frekans) Gerekli zaman = 1 x (1/Frekans)
= 1000 X 1/3milyar =1X1/100m
= 333 nano saniye = 10 nano saniye
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Verilog — Kombinasyonel Devreler

LAB’larda Xilinx Artix 7 FPGA Barindiran Basys3 FPGA’leri
kullanilacaktir.

www.dig H £ m(t—v—'
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Verilog — Kombinasyonel Devreler

Xilinx’in FPGA’lerini programlamak icin Vivado isimli bir gelistirme
ortami bulunmaktadir.

Vivado yazilimi ile FPGA tasarimlari yapilmaktadir.
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

e Indirme Adresi:

e Kurulum ve Lisanslama Video’su:
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https://www.xilinx.com/support/download.html
https://www.youtube.com/watch?v=yW1bJbXnbRU

Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

: ey Tamd Uy
Vivado Tasarim Araci, Xilinx’in 7 ve daha -

yeni jenarasyon FPGA’leri icin kullanilabilen

bir gelistirme ortamidir. Bu ortam Xilinx’in En iyi eslegme
sundugu cesitli gelistirme ve dogrulama , )
araclarini  barindirir. Baglat’in icerisinde E Vivado 2013.2
‘Vivado’ kelimesi ile arama yaparak Uygulama

uygulamanin kisa yoluna erisilebilir.
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

§ Wivado 2019.2

File Flow Tools Window Help

VIVADO! & XILINX.

HLx Editions

Ead
Recent Projects

Quick Start R

Create Project >
Open Project >
Open Example Project »

Tasks

Manage IP > Recent IP Locations
Open Hardware Manager > vivadoLab

Xilinx Tcl Store >

Learning Center

Documentation and Tutorials >

Tel Console
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

# MNew Project

Create a New Vivado Project

VIVADO?

ill guide you through the creation new project.

or your project files. Next, you
)

| & XILINX
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

¢ Mew Project

Project Name

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

Projectname: project_2

Project |location: | C:/Users/EmreiivadolLab

Project will be created at: C:/Users/EmrefivadoLabl/project_2
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Project Type

RTL Project
You will be able to ad

run design an: planning and implementation.

110 Plannin
Do notsp gn sources. You will be able to view partipackage resourc

Imported Project
Create do project from a pli or ISE Project File.

Example Project
Create a ne do project from a predefined template.
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Verilog — Kombinasyonel Devreler

¢ Mew Project

Vivado Tasarim Araci

Add Sources

Specify HOL, 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.

+

4

se Add Files, Add Directories or Create File buttons below

Add Directories Create File

Targetlanguage: | Verilog w Simulator language: | Mixed
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Verilog — Kombinasyonel Devreler

# Mew Project

Vivado Tasarim Araci

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Choose a defau inx part or board for your project.

Parts | Eo

LAB’larda kullanacagimiz FPGA

Category: | All Package:  All Temperature: | All
O I a n Family: All Speed: All Static power. | All

w

110 Pin Count wailable I0Bs Elements  FlipFlops  Block RAMS

515200 280

XC7A35Tcpg236-1

Model secilmelidir.
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Verilog — Kombinasyonel Devreler

# Mew Project

Vivado Tasarim Araci

New Project Summary

VIVADO

© AnewRTL project named 'project_2 will be created.
Mo source files or directories will be added. Use Add Sources to add them later.
Mo constraints files will be added. Use Add Sources to add them later.

© The default p product family for the new project:
85tfg1157-1

(: XI Ll NX To create the project, click Finish
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Verilog — Kombinasyonel Devreler

PROJECT MANAGER - projact_B

Vivado Tasarim Araci

s +
Design Soui

Constrairs

Yeni tasarim kaynagi eklemek Simulalion . Hierarchy Updats

sirm_1 i Refresh Higrarchy

Liility Sourncd

IF FHeararchy
Edit Conslraimls Seks
Edit Simulation Sats

Add Sources
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Verilog — Kombinasyonel Devreler
Vivado Tasarim Araci

Add Sources

VIVADO

This guedes you throwgh the process of adding and oreabing souwces far your projach

& XILINX

s
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Add or Create Design Sources

Spedity HDL, ne@st, Block Design, and IF Bles, or direclones containing thos e fle types to add 1o your project Create a new source e o
disk and add it fo your projact

+.i

&dd Directanias
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

% Audd Sources

Add or Create Design Sources

Spedfy HDL, nefist, Block Deslgn, and IF 8les, or direclones containing those Sle types to add 1o your project Create a8 new sournce e o
sk and add it 1o your projed

+.I

3.. Creale Sairce File

Creabe & new Sounce Nl and add it b your projed

File type B Verilog
Flle name r.'Z'F‘I

Filg locahon & <Local to Project

? “
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Add or Create Design Sources

Spedity HOL, nefst, Block Design, and IF Ses, or direclones containing those fle types b0 &0d 10 your project Creats 8 new sounce e o
sk and add il o your project

Mamin LIEsrary Liacahan

1op ®il_defautlib =Local 1o Project
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

PROJECT MANRAGER - project_B

Hisrarchy

NINEN:Id] s

Yapilacak Dosya

Dr. V. E. Levent Mantiksal Sistem Tasarimi — BLM201



Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Add Sources

1I'|,|"I | 1"...":;"‘—."-, |:| I::"l ’

This guides you through the process of adding and orealing sources far your project

Kisit (constraint) eklemek

50 o CTe

Al or cregbe simulation sources

& XILINX

>
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci e

Add or Create Constraints

Spedly or creale constraint fles for physical and ming consiraind o acd to your project

Kisit (constraint) eklemek
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Add or Create Constraints

Specity or creale constraint Nles tor phiysical and Gming consiraind fo add to your project

Kisit (constraint) eklemek s

Craate a new constraints Sl and add it o your prodec
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci vrr—

Add or Create Constraints

Spedy or create constraint files for physical and timing constraint 10 add to your project

Kisit (constraint) eklemek
+,

Constraint File  Location

fopxaoc <Local to Project»

Cogy constraints files Into progact
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci e ———

Kisit (constraint) eklemek

autarchy

Source Fibe Properiies

I top.xdc

Kisitlarin yazilacagi dosya

Dr. V. E. Levent Mantiksal Sistem Tasarimi — BLM201



Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

. . . . v PROGR&M 4D DEBLG
Bitstream Uretimi : P HEE

Oqpren Tanged
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Bitstream uretimi

hw_lla_1

Q| =

Name Status

-hw_i#a 1

! localhost Connectad
B o xiline_%¥0igllent210308ATAIIE Open
@ xckuSp_0 (5)

SysMon

Haroware Dewvice Properties

nw _lla_1 Program Device
nw ila 2 Jenty Device

hw_¥io_1 Run Tngger

hw_wvio_2 Run Trigger immecale

Siop Tngger

Enadle Auto Re-¥igoer
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Verilog — Kombinasyonel Devreler

Vivado Tasarim Araci

Bitstream uretimi

% Program Device

Saled a hitstream programming ke and download i Yo vour hardwane
deyice. You can oplicnally select 2 debiug probes file that correspands to
the dabug cores contained Imfhe Bistream programemang hile

Bitztragm file e MPGezample.runzimpl 1UTPGIp wrapgper B8
Debug probes file

| Enabile end of starup check
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