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Digitalna integrirana vezja - tehnologija
» razvoj popolnoma narocniskih digitalnih integriranih vezij
je zelo zahteven

» nekatere tehnoloske izvedbe omogocajo avtomatizacijo:
uporaba standardnih celic ali polja vrat

Electronic Design Automation tools

narocniska polje vrat standardne celice
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Digitalna integrirana vezja - funkcija

logicni gradniki 74nn

ASIC

enostavne logicne gradnike

vezja za specificen namen (Application Specific IC)
univerzalna vezja, npr. mikroprocesorji



Programirljiva vezja FPGA

» programirljiva vezja omogocajo razvoj namenskega vezja z
vhaprej izdelanim Cipom

» hiter razvoj, univerzalnost, hitra obdelava signalov in odziv
paralelno delovanje

» standarden opis vezja (VHDL, Verilog)

Field Programmable Gate Array



[zdelava digitalnega vezja v FPGA

» doloCimo vsebino in povezave v logicnih celicah

» vzpostavimo povezave v matriki in z zunanjimi prikljucki
» postopek tehnoloske preslikave je avtomatiziran!

E—HHHH
LC1 LC2 LC3

ED—H 11
LUT4 ™ b o [F%e LUT4 N b ol LUT4 N b o

JUIEIO) r)| | r12)| |

D . r2(0) L 2] || L )] || L

r1(1) ||

clk 3 S

i

LC4 LC5 LC6

| N N N
LUT4 JI D LUT4 LI D | LUT4 lI D ||
u D> C ] D C N D C




Koraki dela z orodji za vezja FPGA

_ _ simulacija | o
1. | opis vezja > verifikacija !
I I
I I
glr_a_ﬁq‘li\\ i simulacija z
all Jezl . i : zakasnitvami
2 | implementacija |.......
Task .
¥ P Compile Design +
> Analysis & Synthesis
P Fitter (Place & Route) 3 nalaganje V_
P Assembler (Generate programming files) program' Vez-]e
> Timing Analysis \_ ______________
P EDA Netlist Writer ! strojna i
) :
I I

verifikacija




Razvoj digitalnega vezja / sistema

» sistemi iz vnaprej pripravljenih komponent (knjiznica, IP)
in specificnih vezij

» vezja z natancnimi casovnimi parametri in omejitvami
sintetiziramo iz opisa VHDL ali Verilog
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knjiznicne
komponente

RTL
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Student bo znal:

Opisati logicno vezje
strukturno (shema)
funkcijsko

RTL in
postopkovno

Tema: funkcijski generator

» modeli osnovnih vezij
» sekvencni stroj

Projekt IV:
» 12-bitni mikroprocesor

razviti preprost CPU, ki izvaja » periferne enote

algoritem v strojni kodi

» digitalni sintetizator

uporabljati orodja za FPGA Projekt NDES:
izdelati sistem z vmesniki in » funkcijski generator

namensko logiko v VHDL
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Namestitev programske opreme

https://www.altera.com/products/design-software/fpga-design/quartus-prime/download.html

. el Intel® Quartusm Prime Down X

&« c ‘@‘ © & nt tps:/fwww.intel.com/content/www/us/en/software/programmable/quartus-prime 905 e D ﬁ E’, i N E

intel PRODUCTS  SUPPORT  SOLUTIONS  DEVELOPERS  PARTNERS L Pussevasa Q, search Intel.com

Intel® FPGA Development Tools

Download Intel® Quartus® Prime Software

Download Supported Devices Features Support

Download Intel® Quartus® Prime Software

Three Intel® Quartus® Prime Editions to Meet Your System Design Requirements

Pro Edition Standard Edition Lite Edition

The Intel® Quartus® Prime Pro Edition Software The Intel® Quartus® Prime Standard Edition The Intel® Quartus® Prime Lite Edition software
supports the advanced features in Intel's next- software includes extensive support for earlier supports Intel's low-cost FPGA device families.
generation FPGAs and 5oCs with the Intel® device families in addition to the Intel® Cyclone®

Agilex™, Intel® Stratix® 10, Intel® Arria® 10, and 10 LP device family. Download now (free, no license —

Intel® Cyclone® 10 GX device families.
Download now (paid license required) —
Download now (paid license required) —>

required) —

» potrebna je brezplacna registracija na spletni strani


https://www.altera.com/products/design-software/fpga-design/quartus-prime/download.html

Select edition: <: .
Seectraesselz01 ] » nastavitve za prenos programske opreme

Operating System ) @;?__’Windows O /5 Linux

&' The Quartus Prime Lite Edition Design Software, Version 20.1 includes functional and security updates. Users should
keep their software up-to-date and follow the technical recommendations to help improve security. Additional security
updates are planned and will be provided as they become available. Users should promptly install the latest version upon
release.

&' The Quartus Prime Lite Edition Design Software, Version 20.1 is subject to removal from the web when support for all
devices in this release are available in a newer version, or all devices supported by this version are obsolete. If you would
like to receive customer notifications by e-mail, please subscribe to our subscribe to our customer notification mailing list.

+' The Quartus Prime Lite Edition Design Software, Version 20.1 supports the following device families: Arria Il, Cyclone
10 LP, Cyclone IV, Cyclone V, MAX I, MAX V, and MAX 10 FFGA.  ~ Mare

Combined Files Individual Files Additional Software

Download and install instructions: ~_More
Read Intel FPGA Software v20.1 Installation FAQ
Quick Start Guide

Quartus Prime Lite Edition (Free)

Quartus Prime (includes Nios Il EDS) 0
Size: 1.6 GB MD5: 23479E4E46326A05C4EC63D0OEGBEF 192
** Nios Il EDS on Windows requires Ubuntu 18.04 LTS on Windows Subsystem for Linux (WSL), which

requires a manual installation.
** Nios Il EDS requires you to install an Eclipse IDE manually.

ModelSim-Intel FPGA Edition (includes Starter Edition) 0
Size: 1.2 GB MD5: D5E635E3229104088B0185D920ACCE94

Devices
You must install device support for at least one device family to use the Quartus Prime software.

Arria Il device support 0
Size: 499.1 MB MD5: A430BB4873E69BD23E35ACED3EAOBABC

Cyclone IV device support 0
Size: 466.0 MB MD5: 14E47510CEA47DCOED92C8CBA97D76488

Mote: The Quartus Prime software is a full-featured EDA product. Depending on your download speed,
download times may be lengthy.



Namestitev Quartus Prime Lite

Program zasede 14 GB prostora na disku !

» ThisPC » Local Disk(C:) » newlltera

= Mame

| | eyclone-20.1.0.711.qdz
%% ModelSimSetup-20.1.0.711-windows.exe
“% QuartusLiteSetup-20.1.0.711-wind ows.exe

Date modified

G Installing Ctuartus Prime Lite Edition (Free) 20.1.0.711

Select Components

Select the components you want to install

= Quartus Prime Lite Edition {(Free)
Quartus Prime (indudes Mios II EDS) (3313M
= Devices
Cydone Iv (515.3MB)
ModelSim - Intel FPGA Starter Edition (Free) (43158.8ME)
D ModelSim - Intel FPGA Edition (4318.8ME)

m

[l
i

You can add additional device suppart to an existing
Quartus Prime software installation without having to
reinstall the entire software package. Use the Install
Devices command on the Tools menu in the Quartus Prime
software to get started.

Select a component for mare information

< Badk Next > Cancel

Type
QD7 File
Application

Application

Search ne.. 2

Size

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

“fou can now connect your device to this computer. f your device
came with ingtructions, please read them first.

Driver Name Status

~ Altera (WinUSB) JTAG c... Readyto use

Back Cancel

(Jh Quartus Prime 20.1 Lite Edition

Select one of the following licensing options to continue:

Select one of the following options
O Buy a Quartus Prime software license
® Run the Quartus Prime softwars

O add an IP license file (for users who have purthased IP)

Cancel

X

Thank you for installing the Quartus Prime software - the #1 in performance and productivity. To
upgrade to a full featured edition, please
https:/ fwww.intel.com/content/www/us/en/products/programmable. html




Zagon programa in odpiranje projekta
(Ch Quiartus Prime Lite Edition - O e

Search altera.com |.

Eile Edit View Project Assignments Processing Tools Window Help

D rs r PR (o DAV ®

Project Navigator #% Hierarchy ~age x| # Home B |IF’ Catalog pE x

* Device Family | Cyclone IV E e
- X| =

~ it Installed 1P

#% Compilation Hierarchy

(h Mew Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?

|C:\MODE4
What is the name of thi
G MNew Project Wizard
Compare Editions| |add .
Project Type
What is the name of the
o _ design file. Select the type of project to create.
Tasks Compilation TS A8 x &
- o add ® Empty project
Task Trainin g Create new project by specifying project files and libraries, target device family and device, and EDA tool settings
Use Existing Project 5S¢
hd Compile Design ) Project template
o ) Create a project from an existing design template. You can choose from design templates installed with the Quartus Prime software, or
2 AN al':"SIS o E':"I-':hESIS download design tem plates from the Design Store.
I - . Motifications
? Fitter (Place & Route)
> Assembler (Generate programr
Close page afte|
» Timing Analysis
J v m . :
z o Don't show this
=
g la (@ & A (A [T <<Fiterss
ju}
= || Type ID Message
w
u
1
o .
< | System  Processing
< Back Einish Cancel Help




Opis vezja z enakim imenom, kot projekt

S New X prevedi
Mew Ouartus Prime Project o [
dd - O >
* Design Files
€ rocessing  Tools Window Help Search altera.com |.
AHDL File
SO E DV ES PLYE O
Block Diagram/Schematic File - : -
EDIF Fil = ¢ add.vhd ]
ile — e —
_ By EE MM 0w ¥ EZ
Osys System File 1 B-- quartuSdPr“ldnJe VHDL Template
2 -- unsigned adder
State Machine File 3 |-_| 'b g.
4 ibrary iese;
Sy'stem‘l.lrerilug HOL File 5 use 'iege. std_logic_1164.al1;
3] use ieee,numeric_std.all;
Tel Script File 8 gDentity add is
Verilog HDL File 0 eneric
i 11 DATA_WIDTH : natural := 8
WHDL File 12 }» ;
13 port
¥ Memory Files 14 = C , ,
15 a :in unsigned ((DATA_WIDTH-1) downto 0);
Hexadecimal (Intel-Format) File 16 b : in unsigned ((DATA_WIDTH-1) downto 0);
17 result : out unsigned ((DATA_WIDTH-1) downto 0)
Memory Initialization File = - . eﬁm.ty;
" . . . (120
™ Verification/Debugging Files |21 Barchitecture rtl of add is
. ~(22 Ebegin
In-Systemn Sources and Probes File 23 ) re_lsu'lt <= a + b;
24 end rtl;
Logic Analyzer Interface File
Sienal Tap Logic Analvzer File =
OK Cancel Help
e IS st =t W
£ > £ >
x|
a |l an |3 (A |4 M| |V <<Filterss BB Eind. M Find Next
il
= || Type ID Message
%
E System Processing
0% 00:00:00




Pregled sheme sintetiziranega vezja

G Quartus Prime Lite Edition - C:/MODB/add - add

File Edit Wiew Project Assignments Processing @ Tools  Window Help Sear

D s HJ |+ r " |i|add Run Simulation Tool r 0 @ 2 a l:‘ L

#.  Launch Simulation Library Compiler
Project Mavigator +% Hierarchy ~lolge x| ¢ pilation Report-add ~ [E)
Launch Design Space Explorer ||
Entity:Instance B
i Cyclone IV E: AUTO EE €2 Timing Analyzer Ers
% add ©& = Advisons y  Rus Successful - Mon Oct
= Prime Version 20.1.0 Build 711 0&/0
*, :
= “%* Chip Planner Name add
= @' Design Partition Planner | Entity Name add
= Metlist Viewers s A RTL Viewer
> _
iy Signal Tap Log| @ RTL Viewer - C:/MODB/add - add - o X
ﬂ File Edit View Tools Window Help .
#/  In-System Men
a Y erEes0/Nar¥rEe oA _—
@ Lugic Anah_.rzer o Netlist Navigator g = |g add:1 |i|
L4 > > BT add
In-5System Sou
Tasks Compilation T ELg x Signal Probe Pi
Task ~ “’ Programmer
v P Compile Design #h  7AG Chain Dd
v > P Analysis & Synthesis a Fault Injection 1'hO an AddO
Al7.0] . QUT[7.0]
> P Fitter (Place & Route) Systemn Debug, a[7.01[> o [ result[7..0]
b[7..0] -
> P Assembler (Generate programr r‘ IP Catalog
> P Timing Analysis v Mios Il Softwarg
< > < &5 Platform Desig

100% 00:00:01




Simulacija z orodjem ModelSim

G Cuartus Prime Lite Edition - C:/MODE/add - add - O

File Edit Wiew Project Assignments Processing @ Tools | Window Help

D v [ add Run Simulation Toal ¢ "_,_,’! RTL Simulation
4. Launch Simulation Library Compiler » ' )
Project Mavigator 4% Hierarchy ~ofale x| £ B Gate Level Simulation...
*& Launch Desigf
Entity:Instance Table ¢ iUl Select Simulation Language e

% Cyclone IV E: AUTO E @ Timing Analyz

% add ©B = Advisors

Settings dialog box.

| » Simulation Language: | VHDL

-, )
BF *%* ChipPlanner | iy lation tool for this project. Please select the simulation language and click OK to continue.

oK Cancel Help

Quartus Prime software found you had ModelSim-Altera software installed, it will be used as your

Mote, you can specify a different simulation tool and other settings in the Simulation page of the

ée dOblmO tO SpOI’OéI|O, Mativelink Error >
moramo nastaviti poti
(naslednja stran) Ii

% You selected ModelSim-Altera as Simulation Software in EDA
| Tool Settings, however MativeLink found ModelSim in the
—  path -- correct path or change EDA Tool Settings and try
again,

Check the Mativelink log file
C/MODEB/add_nativelink_simulation.rpt for detailed error
messages




Nastavitev Quartusa za uporabo ModelSim

Uh Options X
Category:

v General
2 e 2 e Specify the directory that contains the tool executable for each third-party EDA tool:
Fonts
Headers & Footers Settings EDA Tool Directory Containing Tool Executable

¥ Internet Connactivity Precision Synth...
Notifications Synplify
Libraries l
ify P
bl | =) Eﬂﬁng!- 5‘1""9 |'F|_,r o
IP Catalog Search Locations Active-HDL
Design Templates Riviera-PRO
Li Setu
cense P ModelSim

Prefermed Text Editor
Processing QuestaSim
Tooltip Settings ModelSim-Altera |C:\intelFPGA_lite}20.1\modelsim_ase\win32aloem

¥ Messages
Colors
Fonts

oK Cancel Help

» V meniju Tools, Options nastavimo pot ModelSim-Altera



Start simulacije v ModelSim

M ModelSim - INTEL FPGA STARTER EDITION 2020.1
File Edit Wiew Compile Simulate Add  Library  Tools  Layout  Bookmarks Window  Help

BreEed ibanrio-aEm rrr J|_JJ HEEH:
[ ot 3 | seaen ErrEal a1 :
- ColumnLayout |211Columns wl J .'_'fg 5 5 - B
1, Library o L+ o x| | g Objects — _.JJJ 2@ Wave - Default S

-

‘F|Name |T1_.-'|:|E
Library

Simulate
Simulate with Coverage
Edit

Refresh

Recompile
Update ses (Active) o | & X

altera_y Create Wave

altera_y
+ arriaii Delete Delete
+l) arrisit Copy Ctrl+C
+li arriaii_-

Mew r

M Library I Properties. ..

ATensaipt ——— b — — —— s

—srI—--3 -

Modifying modelsim.ini

voom -93 -work work {C:/MODB/add.vhdl
Model Technology ModelSim - Intel FPGA Edition veom 2020.1 Compiler 2020.02 Fek 28 2020

Strawrt +timas 1T7«MA«00 Am Oe+s OS5 20720

LI T O T )



Dolocitev prikazanih signalov

M ModelSim - INTEL FPGA STARTER EDITION 2020.1

File Edit VYiew Compile Simulate Add  Structure Tecols Layout Bookmarks Window  Help

B-sBe& (BB O-AF M| Gt e B oondAEBRES | B
[ e % b | 36+ w€ - B | search| g # || SRR SBR[
- Layout |Simulate g
| ColumnLayout B11Columns b H -2 55

M Wave - Default

View Dedaration

View Instantiati
B stand 0 TEETREROT £ DATA_WIDTH

B textio VM « result

W std_lc
B nume UPF

Chdave  Cola Froceses G

Add Wave To F dame
Add Dataflow Cirl+D
Add to 4

Copy Ctrl+C

4 — Find... Ctrl+F
=
Lh-ar'l_{ o ey Save Selected...

ﬁ Transcript Expand Selected @ @ @ ———— OO
I B -t -n - ' 1

» Add Wave doda vse signale, lahko jih pa nastavimo posamezno

levi klik na enega ali veC signalov v Objects in prenos z misko v okno
Wave



Nastavitev vhodov in simulacija

&} sim - Default s | | x| | Objects —— J J x| | gm| wave - Default i
T|Ins13nu:e |DE5|gn unit
add add(rt) Jadd/a
& line__23 add(rt) fadd/b
H standard standard I"au:ln:ll"rF"'l m
Il textio textio S
H std_logic_1184 std_logic_1..
B rumeric_std numeric_std
uﬁi Jrocesses (Active)
T|Name
N I ~
Library llﬂl Project I ﬁ sim |-J_| |
F : Transcript S

# End time: 17:04:01 on Oct 05,2020, Elapsed time: 0:00:01
$ Errcrs: 0, Warnings: 0

#
ModelSim= vaim work.add

# wvaim work.add

Start time: 17:05:10 on Oct 05,2020
Loading std.standard

Loading std.textic(body)

Loading isee.std logic 1164 (body)
Loading isee.numeric_ std(body)

# Loading work.add{rtl)

add wawve -position insertpoint sim:/fadd/*
V5IM 4= force a 10#5

V5IM 5= force b 10410

VSIM &= run 100 ps

B TR T T

VSIM 73 |

» Navodila na:

https://Iniv.fe.uni-lj.si/altera/modelsim.htm
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