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Introduction

A Deeds (Digital Electronics Education and Design Suite)

A It is developed at DITEN (ex DIBE), University of Genoa.

A The suite is composed by three simulators and a wide
collection of associated learning material to learn-by-doing
and practice with;

Combinational and sequential logic networks
Finite state machine design
Embedded microcomputer interfacing and programming

0
0
0
0 FPGA programming (exporting projects to EDA tools)
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Deeds: the simulation tools

A Deeds-DcS Digital Circuit Simulator
A Deeds-FsM Finite State Machine Simulator
A Deeds-McE Microcomputer Emulator

qiinziauasasg ol A The three simulators are fully integrated,
IEBBRBEARG Oy — z : Pt
 m—_ 0 to design and simulate digital systems
: with standard logic, finite state machines

and microcomputers.

A Extensive Learning Materials are
available on the web site

A Projects can be exported in VHDL.

w | A Projects can be tested on FPGA

DOWN
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Deeds Website

BOOKS
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Welcome to Digital Electronics Deeds

(by Giuliano Donzellini)

In this web site you'll find digital circuits, ideas, projects, tools for simulation and testing on FPGA,
and more. A complete learning path to understanding and designing digital systems, supported step-by-
step by Deeds simulator. We tried to do our best but... is up to you to judge if our "deeds” (literal

] < meaning of the word!) are good or bad...

| Ho%
- News Ideas & Projects
[ Deeds Simulator ]
- - 1
[ Learning Materials j /duction to Microprocessor-based  Synchronous Serial Transmitter (4 bits)
[ Discussion Group J Systems Design In this example, we'll design a =
( Books & Digital Contents ] simplified 4-bits synchronous serial ™| ™ ["™
transmitter... (read more) e

) - Luca Oneto

Introduzione

al progetto o o :
i Si i & Let's design a 4-bits synchronous

di sistemi a s [§ Letis desig ynehronou

| <o« serial receiver. The unit will receive

UERR
serial sequences on... (read more)

Synchronous Serial Receiver (4 bits)

microprocessore

cx
RESET -

Synchronous Serial Communication
System (4 bits)

In this example, E%E Senal J Senal g;
starting from the o

@ Springer

DOc—
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Learning Materials
e learning materials, please install the latest version of Deeds.
[Combinational] [Sequential] [FSM] @ [FPGA TutoriaIsJ [FPGA Labs] [Demos]
Labs
Topic Combinational Networks
1 Introduction to digital electronics Download
1.1 Introduction to the Digital Circuit Simulator 001001
1.2 Analysis of simple logic gates 001002
2 Multiplexers and Demultiplexers Download
2.1 Analysis of a multiplexer (2 to 1) 005030
2.2 Analysis of a demultiplexer (1 to 2) 005040
2.3 Analysis of a simplified shared-line communication channel 005050
3 Applications of Boolean Algebra Download
3.1 Analysis of a multi-level logic network 015060
3.2 Synthesis of a simple boolean function 015065
3.3 Design of a programmable logic gate 015070
3.4 Synthesis of a boolean function 015080
3.5 Functional analysis of a two-level combinational network 015090
3.6 Design of a simple combinational network 015095
3.7 Analysis and design of multiplexer-based combinational networks 015100
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Deeds website: FPGA Tutorials and Labs

Topic FPGA Tutorials B

Introduction to FPGA Programming with Deeds
1 Terasic/Altera DE2

Circuit Prototyping_on Terasic/Altera DE2 Board
=9 Secquential Circuit Testing_on Terasic/Altera DE2 Board

Microcomputer Testing on Terasic/Altera DE2 Board
2  Terasic/Altera DEO-CV
@S Circuit Prototyping_on Terasic/Altera DE0-CV Board

o FEM Sequential Circuit Testing_on Terasic/Altera DEO-CV Board

Topic FPGA Labs
Main IndeXx (ai items are already listed above)

|
Analysis and implementation on FPGA of a 12-bits counter

Alight controller on FPGA

Serial Transmitter and Receiver on FPGA

Asynchronous Serial Transmitter and Receiver, on FPGA
Push-button controlled byte generator on FPGA

Emulation of a Register/Counter on FPGA
Emulation of a Universal Shift Register on FPGA

Asynchronous Serial Transmitter and Receiver,_interrupt based, on FPGA
Digital Waveform Generator, on FPGA
Asynchronous Serial Line Data Processor,_.on FPGA Lol
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Books o60digital content

~ Books |

52 ‘f';-?

Introduction N Introduzione
to Digital al Progetto di
Systems Design Sistemi Digitali

GO TO THE VAI AL SITO
PUBLISHER'S WEB SITE WEB DELL'EDITORE

( DIGITAL CONTENTS ’ CONTENUTI DIGITALI

(AND ERRATA CORRIGE) (ED ERRATA CORRIGE)

Introduction Introduzione
to Digital al Progetto di
Systems Design Sistemi Digitali
G.Donzellini, L.Oneto, D.Ponta, G.Donzellini, L.Oneto, D.Ponta,
D.Anguita D.Anguita
Springer, (¢)2019 Springer, (¢)2018
ISBN 978-3-319-92803-6 ISBN 978-88-470-3962-9
ISBN 978-3-319-92804-3 (eBook) ISBN 978-88-470-3963-6 (eBook)
(English version) (versione in Italiano)
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Deeds web site:

FPGA In the books (2

WORK
IN

PROGRESS!

GO TO THE
PUBLISHER'S WEB SITE

Introduzione

al progetto

di sistemi a
microprocessore

Seal

VAI AL SITO
WEB DELL'EDITORE

DIGITAL CONTENTS |

(AND ERRATA CORRIGE)

Introduction to
Microprocessor-based
Systems Design

G.Donzellini, A.M.Garavagno, L.Oneto

Springer, (¢)2021
ISBN XXX-X-XXX-XXXXX-X
ISBN xXxX-X-XXX-XXXXX-X (eBook)
(English version)

( CONTENUTI DIGITALI

(ED ERRATA CORRIGE)

Introduzione
al progetto di sistemi a
microprocessore

G.Donzellini, A.M.Garavagno, L.Oneto

Springer, (¢)2021
ISBN 978-88-470-4003-8
ISBN 978-88-470-4004-5 (eBook)
(versione in Italiano)
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Deeds: books onllne support (an example 1)

LBE):OKéh g

Introduction to FPGA and HDL
Design

[ Examples J[ Exercises ][ Solutions ][ Errata corrige ]

9.1 Field-Programmable Gate Arrays
Digital Contents 9.1.6 Deeds Support for FPGA

Pulse generator schematic (without FPGA configuration)
1. Boolean Algebra and Combinational

Logic TIME
2. Combinational Network Design HHHH
i L ControllerI 1010
3. Numeral Systems and Binary, TRG Puiser 9 out

Arithmetic TRG ouT

: = A —1TC LD
4. Complements in Combinational i
Network Design

5. Introduction to Sequential Networks

6. Flip-Flop-Based Synchronous
Networks

LEDS

cr Q3.Q0

1 T
1 1
1 1
1 — ]
P O——E i
T En Cnt4 1
1 TC 1
] 1
1 1
I 1

1

Res

7. Sequential Networks as Finite State

Machines Lozzallech
E.@ oy

8. The Finite State Machine as System

(BTt s

L]
9. Introduction to FPGA and HDL ‘L
Design
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Deeds: books online support (an example, 2)

5.6.4 Carillon musicale

A Musical Box
on FPGA (it
uses a DMC8
microcomputer).

(Sorry, this web page
IS in Italian.

The English version
will be available soon)

Contenuti digitali
(ed errata corrige)

1. Introduzione alle reti di calcolo
programmeabili

2. Un sistema basato sul
microprocessore DMC8

3. La programmazione del DMC8

5. Sistemi a microprocessore su FPGA

Appendici

A. Le memorie

Q
Is]

Is]

2

=%

esel wA 07.00 w

w8 07.00 wC 07.00 wD

Y NS Y NF

T

Passive Buzzer

octit | teLibE
T cm] pLAY |

TOP
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Deeds: books online support (an example, 3)

5.6.5 Controllo di motore passo-passo

A Stepper-motor Motore passo-passo e sua schedina controller:
controller (it =

—r—

N~

uses a DMCS8 v‘l

.

microcomputer). ‘.

Contenuti digitali
(ed errata corrige)

Il sistema:
1. Introduzione alle reti di calcolo DMC8
p |

programmabili

2. Un sistema basato sul
microprocessore DMC8

3. La programmazione del DMC8 @ 'K

(CPU) Control Logic 9

2

oc|3

ROM H
1kB 1kB g

Project. "StepperMotor. mc8"

=
2
=
o

3| oL o

T=20ms

| &l
T % TTTTTTTT

Reset

<
0B

VE& o £ i _a_ 1: . _ _en

IntA
it

.
m < Cli
nt f‘ oA ] f‘ | _ Grou Ck W
wA 76543210 wB 43210 RsOut Res
5. Sistemi a microprocessore su FPGA F i ”M \'; LALLE g

Al
@i

A ppen dici Blue  Pink  Yellow Orange

A. Le memorie A

(Sorry, this web page
IS in Italian.

The English version
will be available soon)



https://www.digitalelectronicsdeeds.com/ipsmp/ipsmp_c5.html#StepperMotor

Approaching FPGA programming

A Our experience in teaching a first
year course of digital design
shows that the introduction of
Field Programmable Gate
Arrays (FPGA) is advisable and
very attractive.

A Students demonstrate a better
Interest for the topics, If they can
really verify the circuits they
study and design.
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Bread-board and FPGA

® [=i- §
AS Teu  ITAG D5

A T b o
™ 7| I7
= o | =

A Traditional bread-board based
prototyping Is replaced by FPGA
programming.

A Bread-board returns on the scene as a || =&
complement for those cheap FPGA
boards that presents less I/O devices.

DITEN 1 University of Genod Italy
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Introducing dlgltal systems with HDL?

W SerialSystem.vhd Components.vhd a }
130 EHARCHITECTURE behavioral OF SiPoES8 IS d
131 HEBEGIN
132 O RegSiPoE8: PROCESS( Ck, nCL )
133 variable aReg: std logic vector( 7 downto 0 );
134 BEGIN
135 = if (nCL = '0') then aReqg := (others =>'0"');
136 © elsif (nCL = '1l') then
137 = if (Ck'event) AND (Ck='l') THEN -- Positive Edge -----------
138 = if (E = '1') then
139 f : i ‘ EaReg := (I & aReg(7) & aReg(6) & aReg(5) & aReg(4) & aReg(3) & aReg(2) & aReg(l)):
140 = els:l.f not(E = '0') then
141 ; i | |aReg := (others =>'X'");
142 r END IF
143 | END IF; 1
144 © else aReqg := (others =>'X");
145 | END IF;
146 --
147 Q7 <= aReg(7);
148 Q6 <= aReg(€);
149 Q5 <= aReg(5);
150 Q4 <= aReg(4):;
151 Q3 <= aReg(3);
152 Q2 <= aReg(2);
153 Q1 <= aReg(1l);
154 Q0 <= aReg(0) ;
155 --
156 | END PROCESS;
157 END behavioral;

A At professional level, FPGA programming is usually %
performed using Hardware Description Languages (HDL).

A We are somehow critical of the current trend of introducing
digital systems with HDL in a first course.
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HDL may hide basic issues from beginners

PULSE: process( nAutoReset, iMClk )

A

It is not easy to build good
foundations on logic design just
by completely migrating the
traditional schematic, simulation
and bread-board based
prototyping to VHDL based
FPGA design flow.

Such approach has many
advantages, especially for
complex systems.

However, we think it may hide
Important basic issues and
concepts from beginners.

constant IsTime: integer := 100;
constant IsLedEnd: integer := 25;

variable Stepper: integer range 0 to IsTime;

constant TimeCyecle: integer := 25;

variable Pulser: integer range 0 to TimeCycle;

variable Level: integer range 0 to 1;
variable Pulsing: boolean;

begin

if (nAutoReset = '0') then
Stepper:= 0;
Pulsing:= false;
Pulser:= 0;
StepPulse <= '0';
StepLED <= '0';

elsif rising edge( iMClk ) then

if (ManualClkMode = '0') then
Stepper:= 0;
Pulsing:= false;
Pulser:= 0;
StepPulse <= '0';
StepLED <= '0';

. if (not Pulsing) then

; E § StepPulse <= 'l';
| SteplED <= '1';

; % § Stepper:= Stepper + 1;
i1 else

DITEN 1 University of Genod Italy

else --(ManualClkMode = '1')
————— Button Pulsed Mode -------------
if (aTick = 'l') then -- every 10 mS
if (aButton = '1") then

15



Making FPGA available to beginnersé

A Deeds makes the process of ll",‘ i
FPGA configuration o
straightforward and compatible :
with the beginner s&E

i

A It overcomes the prerequisite of
some proficiency in high-level
programming languages.

i

i
T

IO

A It allows to configure FPGA boards
for testing starting with traditional
schematics-based entry, generally
appreciated by beginners. BEEGY

i

dii

SR

)/ B &

=
=
—_ \
—— \
=

s - L
S O i

. Il
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FPGA configuration with Deeds

A Deeds integrates FPGA
configuration and testing

Into its design and
simulation flow.

A This feature makes digital .

design, including
microprocessor

ﬁ o] o)

DialLock OPN
e | o]

PC EN In
PD CLR ] ECE SiPog
— EQU Q7 Q0
. e ==
- | [@ Paan=—
CLR DC
cK .F,,,,,éyi
i ™o [
‘ Select FPGA Board ;|

'L

programming, demonstrable
through FPGA boards.

A At the present moment a
dozen of commercially
available FPGA boards are

supported.

Intel/Altera "DE1

Select FPGA Board —

Intel/Altera "DED"
Intel/Altera "DED -
Intel/Altera "DED -
Intel/Altera "DET"

(Quartus®1I)
Nano" (Quarus® )
CV" (Quartus® |l)
(Quartus®1I)

- SoC" {Quartus® Il)
Intel/Altera "DEZ2"
Intel/Altera "DEZ -
Intel/altera "DEZ -

(Quartus®1l)
70" (Quartus® )
115" (Quartus® [I)

Intel/Altera "DE10 - Lite" (Quartus® I)

Cyclone Il -"EP2C5T144" Basic Board (Quartus® [)
Cyclone IV -"EP4CEBE22" Basic Board (A) (Quartus® Il
Cyclone IV - "EPACEGE22" Basic Board (B) (Quartus®1Il)
Cyclone IV - "EPACEBEZ2" Basic Board (C) (Quartus® |I)
MAX |- "EPM240T100" Basic Board (A) (Quartus® [[)

At the moment, only Intel (ex Altera) FPGA chip are supported.
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Programming FPGA In a transparent way

A Starting from Deeds, students can
compile their project into an FPGA,
leaving in the background the
operations performed by the FPGA-
specific development software.

A The intention is not to exemplify
FPGA programming via high-level
synthesis languages, but to allow a
direct implementation on FPGA of
Deeds projects.

B8R/
A'.‘

8§

ém
100
=

I 23BRBR

DMC8
q (CPU) Contral L q —
A =
1A oc|y =
s ROM RAM =
5 56—
7 T
= Project: "ChronometerLCD.mc8" =
= Ol TE E TTTTTT
f Resel nt& Tint It
.—'E“ s <
nt | |—| | Ckout [——> Ck
WA wB 76543210 Rsout Re
'TII\II‘| YOLTETTETT $—Y
e me
V. KN LYK Ol
13 A
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The 060Test wndow(RP)GAO

E Test On FPGA (Project: "SerialSystem.pbs”)

SR FPGA Board /Brand: Deeds Project Folder: | DiDonzie\PapefiAa2020Deeds_cH\Ser T h e Te St O n F P G A
[lntel/‘Altera "DE0-CV" (Quartus®l) LI FPGA Project Subfolder: | Di\Donzie\FPapena2020\Deeds_c9\SenSer E . d I I

Inputs 1 Outputs | DEO - CV (Altera Corporation / TerAsic) & < ® Q| K WI n OW a OW to

© . [ i A lalize VHDL

— On Board Input Devices: SpeCIa Ize

CK Switch: [swioo) =] :
B D7.D0 ST e | — || — = conversion fo iy

SERIN On Board Clock Resources:

TEST

Clock Generator Frequency:

particular FPGA
— Eye—— -.| board, generating

(=25 oo o “| all the specific
Project Files,
starting from the
LED x10 Switch x10 64I\/1Ev Deeds prOJeCt

~N|® o s|w M= e

itch for
AS Modes

!
enerate Project | Close ‘ I

Components, FSM and Microcomputers are exported in
behavioral VHDL code, while the top level schematic is
converted in structural VHDL.
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The 060Test wndow(RP)GADO

A The user selects each |2 X

“_-‘.,.;...;‘. FPGA Board / Brand Deeds Project Folder | D:\Donzie\PaperA2020tDeeds_cH\Ser,
I/O te rm i n ati O n i n th e FPGA |Inte|jAItera "DEN-CV" (Quartus® ) LI FPGA Project Subfolder |D\Donz|e\Papel’\AZDZD\Deeds_CB\SEI’\E E

Inputs I Outputs | DEO - CV (Altera Corporation / TerAsic) @ ) Ly Q
~

Deeds schematic (see [

3l IReset
Switch: | —— hJ

on the left), with the g oo —— ————

SERIN On Board Clock Resources:

f . . (i@ TesT 3D Clock Generstor Frequency: | 16 <
purpose or associating Hp

T -

—O

Clock Pulses: | 1Hz =l Led: | LEDR[09)

. . Enabledby: [swlosl -]
it to a device or Er—rw
resource available on \/ -l T
board (on the right). o
o

A Associations can be .o <. | e
done in advance by
teachers.

A In the present example, a clock resource on the FPGA
board has been associated to the clock component in the
Deeds schematic (assigning a clock frequency of 1KHz).

[
DITEN 7 University of Genoa lItaly 20
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The generated VHDL code

A When the conversion ends, the VHDL files are presented to
the user through a dedicated window.

8 - t h d B Test On FPGA (Project: "SerialSystem.pbs™) X
U S e rS WI a g O O SSEE FPGA Board / Brand Deeds Project Folder: ‘ D:ADonzie\PapenA2020\Deeds_cHSer,
FPGA ‘Ime\;‘.&l@a "DED - CV" (Quartus® ) J FPGA Praject Subfolder ‘ DADonzie\PaperA2020\Deeds_c9\Sens ﬂ

VHDL familiarity can B —
export, edit and re-use |« weeas
the generated code in P
a professional design

BEGIN

tool of their choice. R

A The VHDL generator s e
builds also the project ...
files required by the "~ =
FPGA specific tool. % | sy rsgmen | rennrron |G ] v

DITEN 1 University of Genoa Italy 21



Now we can launch the FPGA tool

A According to the associations between the schematic and
the board devices, Deeds defines all FPGA pins and board
connections (in the generated project files).

A Once terminated
the project
generation, the
user is invited to
launch the FPGA
software specific

E Ready to Test on FPGA! (Project "SerialSystem.pbs”) X
g FPGABoard: | Inte/Attera "DEO - (V" (Quartus® I)
RS Deeds Project { SerialSystem.pbs in: ‘ D:\Donzie\Paper\A2020\Deeds_c9\Ser\

i A backup copy of the previously existing VHDL and project files has been done.
‘\/ All project files saved, VHDL and project files construction ended!

FPGA Project: | SeralSystem.qpf in:| D:\Donzie\Paper\A2020\Deeds_c9\Ser\SerialSystem_DE0_CV

for the chip
(Quartus® II).

m |

Launch Quartus@® II Open FPGA Project Folder

%. Configure Cancel

DITEN 1 University of Genoa Italy 22



The role of the specific FPGA tool

A Now we have the project files opened in Quartus® I, ready
to be processed (1).

A The student needs only to compile them (2); no operation
on the VHDL code Is needed by the beginner.

A Finally, the
student will
load the
project
binaries into
the FPGA
board,
using the
programmer
command (3).
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