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Week 3: Combinational Logic
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Combinational Circuits

e Combinational Circuits
e What is FPGA?
* Vivado Design Tool
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Vivado Design Tool

* Design Flow

Various
IPs

Hardware Synthesis Implementation F,PGA ,
Architecture Configuration

Algorithm

Behavioral Timing In-Chip
Validation

Verification Debugging

Verification
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Verilog — Combinational Circuits

What is FPGA?
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Verilog — Combinational Circuits

What is FPGA?
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Chip Design Training
What is FPGA?

* FPGA ( Field programmable Gate Arrays ) is an integrated chip.

* It contains programmable blocks and configurable connections between these
blocks.

* By programming these blocks and connections, the desired circuit can be
implemented in the FPGA .

Example FPGA Chip
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Chip Design Training
What is FPGA?

* Some FPGAs can only be programmed once.

* Itis called one-time programmable (OTP).
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Chip Design Training
What is FPGA?

* "Field Programmable"” means that it can be programmed in the required application with unlimited
count.

e This means that after the FPGA chips are produced in the factory, they can be used in the desired
design later on.
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Chip Design Training
Why is FPGA important?
Wide variety of integrated circuits (IC — Integrated circuits ) are available.

* Memory

* Microprocessors

Programmable logic devices ( Programmable logic devices )
e SPLD (Simple)
 CPLD ( Complex)

ASIC — Application specific integrated circut
And FPGAs ...
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Chip Design Training

ASICs

* They are useful in the implementation of huge and complex circuits.
e ASICs are integrated circuits built to perform a specific operation.

* ASICs provide very high performance (operation at high frequencies) , ASIC design complexity and
design time and costs are quite high.

* And the produced chips cannot be modified . In case of a fault with the chip, all produced chips will be
thrown away.

Dr. V. E. Levent Digital Design



Chip Design Training

FPGAS

* FPGAs It is programmable.

* Unlike ASICs ; In the case of an error in the design, the design can be repeatedly modified and tested.
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Chip Design Training
FPGAS

FPGAs They are much cheaper than ASICs . ( ASICs are only cheap when millions of units are produced)

FPGAs is much easier than creating an ASIC design.

Due to the shorter design time, once a product is produced, the time to market is shorter.

NRE (Non-recurring engineering) is high when developing a ASIC Design
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Chip Design Training
FPGA is mainly used

* Telecommunication

e Networking

* Automotive

* Medical

e Various industrial applications

* Prototypes of ASIC designs

» DSP ( Digital signal processor ) applications

* SoC ( System on Chip ), a single IC where all necessary electronics are gathered together
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Chip Design Training

Reasons for FPGA Use

* Computing Power
e Controlling with nanosecond order
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Chip Design Training

Reasons for FPGA Use

Processors 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]+b[3);

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Chip Design Training

Reasons for FPGA Use

Processors 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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Chip Design Training

Reasons for FPGA Use

Processors 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]+b[3);

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Chip Design Training

Reasons for FPGA Use

Processors 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]+b[3);

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Chip Design Training

Reasons for FPGA Use

Processors 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]+b[3];

c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000];
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Chip Design Training

Reasons for FPGA Use

Processors 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]+b[3];
c[1000]=a[1000]+b[1000]; === c[1000]<=a[1000]+b[1000];
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Chip Design Training

Reasons for FPGA Use

Processors FPGA
c[0]=a[0]+b[0); 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]+b[3];, ———
¢[1000]=a[1000]+b[1000]; ¢[1000]<=a[1000]+b[1000]; ===
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Chip Design Training
Reasons for FPGA Use

Processors
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Chip Design Training
Reasons for FPGA Use
CPU FPGA

For 1000 transactions (assume each operation takes 1 For 1000 transactions (assume each operation
cycle), takes 1 cycle),

Average Processor frequency: 3 GHz,
Average FPGA frequency: 100mhz

Required Time = Number of operations X (1/Frequency)
Time required = 1 x (1/Frequency)

= 1000 X 1/3 billion
= 333 nanoseconds =1X1/100m

= 10 nanoseconds
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Verilog — Combinational Circuits

In LABs Xilinx Basys3 FPGAs with Artix 7 FPGAs will be used.
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Verilog — Combinational Circuits

Vivado IDE will be used to programming Xilinx Based FPGAs

Tiimu Uygulamalar Belgeler

En iyi eslesme

Vivado 2019.2

Uygulama

g
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Verilog — Combinational Circuits

Vivado Design Tool

e Download Address:

* Installation and Licensing Video :
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https://www.xilinx.com/support/download.html
https://www.youtube.com/watch?v=yW7t28XaVEs

Verilog — Combinational Circuits

Vivado Design Tool

§ Wivado 2019.2

File Flow Tools Window Help

VIVADO! & XILINX.

HLx Editions

Ead
Recent Projects

Quick Start [ RE—

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

Dr. V. E. Levent Digital Design



Verilog — Combinational Circuits

Vivado Design Tool

# MNew Project

Create a New Vivado Project

VIVADO!

This wizard will guide you through the creation of a new project.
) project you will need to provide a name and a location for your proj

ype of flow you'll be working with. Finally, you will specify your project s
ult part.

& XILINX
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Verilog — Combinational Circuits

Vivado Design Tool

¢ 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
+| Create project subd

Project will be created at: C s/lEmrefvivadoLab/project_2
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Verilog — Combinational Circuits

Vivado Design Tool

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 — Combinational Circuits

Vivado Design Tool

¢ Mew Project
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 cre sources later.

+

4

Create File buttor

Targetlanguage: | Verilog w Simulator language: | Mixed
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Verilog — Combinational Circuits

# Mew Project

Vivado Design Tool

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.
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Verilog — Combinational Circuits

Vivado Design Tool

Choose a default Xilinx part or board for your project.

Parts | Bos

is the FPGA we will use in LABs |

Categary: | All A Temperature: | Al

Family: All Speed: A Static power. | All

XC7A3 STC p g 2 3 6' 1 s ':""" Fin Count : v ! Block RAHS  Ultra RANS

35tig115

The model must be selected. e

35tfg115
XCTwx4B851g1157-1

5tffg1158

Dr. V. E. Levent Digital Design



Verilog — Combinational Circuits

Vivado Design Tool

New Project Summary

© AnewRTL project named 'proje will be created.
No 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 part and prodt mily for the new project:
Default Part: 3 1

(: XI Ll NX To create the project, click Finish
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Verilog — Combinational Circuits

PROJECT MANAGER - projact_B

Vivado Design Tool

s +
Design Soui

Constrairs

Adding a new design resource Simulalion 3 Hierarchy Updats

sirm_1 i Refresh Higrarchy

Liility Sourncd

IF FHeararchy
Edit Constraints Seks
Edit Simulation Sets

#idd Sounces
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Verilog — Combinational Circuits
Vivado Design Tool

Add Sources

1".,-"I | "".,.":IJ"—"'., I:I |:| ’

This guedes you throwgh the process of adding and crealing souwces far your projac

& XILINX

s
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Verilog — Combinational Circuits

Vivado Design Tool

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
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Verilog — Combinational Circuits

Vivado Design Tool

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.':ld

Filg locahon & <Local to Project

? “

Dr. V. E. Levent Digital Design



Verilog — Combinational Circuits

Vivado Design Tool

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

+.I

Mamin LIEsrary Liacahan

1op ®il_defautlib =Local 1o Project

Add Directarie s Create File

Dr. V. E. Levent Digital Design



Verilog — Combinational Circuits

Vivado Design Tool

PROJECT MANRAGER - project_B

Hisrarchy

RTL Design i
File To Do
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Verilog — Combinational Circuits

Vivado Design Tool

. ,l, . [ ~ Add Sources
I'||,|'I 'I.I.l':J'—I'I,I | |:_1|

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

Adding a constraint

Al or cregbe simulation sources

& XILINX

>
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Verilog — Combinational Circuits

Vivado Design Tool =

Add or Create Constraints

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

Adding a constraint
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Verilog — Combinational Circuits

Vivado Design Tool

Add or Create Constraints

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

Adding a constraint .

Craate a new constraints Sl and add it o your prodec
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Verilog — Combinational Circuits

Vivado Design Tool e

Add or Create Constraints

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

Adding a constraint
+4

Constraint File  Location

fopxaoc <Local to Project»

[ Create Flle

Cogy constraints files Into progact
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Verilog — Combinational Circuits

Vivado Design Tool p——

Adding a constraint

autarchy

Source Fibe Properiies

I top.xdc

Write constraints
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Verilog — Combinational Circuits

Vivado Design Tool

. . v PROGRAM arD DEBUG
Bitstream generation ) T HEE

Oqpren Tanged
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Verilog — Combinational Circuits

Vivado Design Tool

Bitstream generation

hw_lla_1

Q| =

Name Status

-hw_i#a 1

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

SysMon

Haroware Device Properteas

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 — Combinational Circuits

Vivado Design Tool

Bitstream generation

% 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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