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Introduction

 Deeds (Digital Electronics Education and Design Suite)

* |tis developed at DITEN (ex DIBE), University of Genoa.

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

o Combinational and sequential logic networks

o Finite state machine design

o Embedded microcomputer interfacing and programming
o FPGA programming (exporting projects to EDA tools)
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Deeds: the simulation tools

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

g\g « 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.

« Extensive Learning Materials are
available on the web site

« Projects can be exported in VHDL.

w | « 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 ‘digital contents’: FPGA exercises
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~ Books |

52 ‘f';-?

Introduction
to Digital
Systems Design

GO TO THE
PUBLISHER'S WEB SITE

Introduzione
al Progetto di
Sistemi Digitali

VAI AL SITO
WEB DELL'EDITORE

DIGITAL CONTENTS
(AND ERRATA CORRIGE)

Introduction
to Digital
Systems Design

G.Donzellini, L.Oneto, D.Ponta,
D.Anguita

Springer, (¢)2019
ISBN 978-3-319-92803-6
ISBN 978-3-319-92804-3 (eBook)
(English version)

CONTENUTI DIGITALI
(ED ERRATA CORRIGE)

Introduzione
al Progetto di
Sistemi Digitali

G.Donzellini, L.Oneto, D.Ponta,
D.Anguita

Springer, (¢)2018
ISBN 978-88-470-3962-9
ISBN 978-88-470-3963-6 (eBook)
(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

« Qur experience in teaching a first

Approaching FPGA programming

year course of digital design
shows that the introduction of
Field Programmable Gate
Arrays (FPGA) is advisable and
very attractive.

Students demonstrate a better
Interest for the topics, If they can
really verify the circuits they
study and design.

DITEN — University of Genoa — Italy
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Bread-board and FPGA

® [=i- §
AS Teu  ITAG D5

 Traditional bread-board based

prototyping Is replaced by FPGA
programming.

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

DITEN — University of Genoa — Italy 13



Introducing dlgltal systems with HDL?

W SerialSystem.vhd Components.vhd a }
130 EARCHITECTURE behavioral OF SiPoES8 IS d
131 EBEGIN
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 E i i EaReg := (I & aReg(7) & aReg(6) & aReg(5) & aReg(4) & aReg(3) & aReg(2) & aReg(l)):
140 @ ; e151f not(E = D ) then
141 ; i ! aReg := (others =>'X');
142 r END IF
143 1 END IF; ||
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;
« At professional level, FPGA programming is usually %
performed using Hardware Description Languages (HDL).
* We are somehow critical of the current trend of introducing
digital systems with HDL in a first course.
]
|

DITEN — University of Genoa — Italy 14



HDL may hide basic issues from beginners

PULSE: process( nAutoReset, iMClk )

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 — University of Genoa — Italy

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

15



Making FPGA available to beginners...
Q ,\ AR

Deeds makes the process of
FPGA configuration
straightforward and compatible
with the beginners’ skills.

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

It allows to configure FPGA boards
for testing starting with traditional

schematics-based entry, generally
appreciated by beginners. BB

s - L
S O i

i

i

e

i

I

i

dii

SR

)/ B &

=
=
—_ \
—— \
=
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FPGA configuration with Deeds

* Deeds integrates FPGA
configuration and testing

Into its design and
simulation flow.

« This feature makes digital -

design, including
microprocessor

ol o

DialLock OPN
o e - | o

PC EN In
PD CLR ] ECK, SiPo

EQU Q7 Q0
- b e
- | [@

CLR DC
CK .F,,,,,éyi
¢ "o [
‘ Select FPGA Board ;|

'L

programming, demonstrable
through FPGA boards.

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

supported.

Intel/Altera "DE1

Intel/Altera "DEZ2"
Intel/Altera "DEZ -

Intel/Aaltera "DEZ2

Select FPGA Board —

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

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

- 50C" (Quartus®l)
(Quartus®1l)

70" (Quartus® )
-115" (Quartus® Il

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

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

* 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

Project: "ChronometerLCD.mc8"

I
4

?
T
I
S
S
B
S
=
k%4
-

— :
\.‘ -
el
\l
|
I—Ymmu
|
3
|2

_CUJ‘:L

. Il
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The ‘Test on FPGA’ window (1)

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

R F0GA Board /Brand: Deeds Project Folder: | D\Donzie\PapenA2020iDeeds_co\Ser The Test on FPGA
[lntel/‘Altera "DED-CV" (Quartus® Il LI FFPGA Project Subfolder: |D:\Donzie'\Paper’\AZUZU'\Deeds_cQ\Ser’\Ser E d I I

Inputs }Outputs| DEO - CV (Altera Corporation / TerAsic) & =« ® e H Wln OW a‘ OW to

| specialize VHDL

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 user selects each

/O termination in the

Deeds schematic (see

on the left), with the

purpose of associating

it to a device or

resource available on

board (on the right).

Assoclations can be
done in advance by
teachers.

The ‘Test on FPGA’ window (2)

E Test On FPGA (Project: "SerialSystem.pbs™) X
“_-‘.,.;...;‘. FPGA Board / Brand Deeds Project Folder | D:\Donzie\PaperA2020tDeeds_cH\Ser,
FPGA |Inte|jAItera "DED-CV" (Quartus® ) LI FPGA Project Subfolder | D:\Donzie\PapenA2020iDeeds_cH\Sens E
Inputs I Outputs | DEQ - CV (Altera Corporation / TerAsic) @ <« 5
~

GO
IReset
CK
D7.D0
SERIN
TEST

On Board Input Devices:

Switch: | = e

On Board Clock Resources:

} = Clock Generator Frequency: 1KHz =

=

N

I / Slow Clock Mode Enabled by: swlo9] A
—
-0

——dil

i
&

Select an Input/Output Element...

<

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

 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 — University of Genoa — Italy
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The generated VHDL code

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

« Users with a good
VHDL familiarity can
export, edit and re-use
the generated code in
a professional design
tool of their choice.

« The VHDL generator
builds also the project
files required by the
FPGA specific tool.

B Test On FPGA (Project: "SerialSystem.pbs™) X
“m' FPGA Board / Brand Deeds Project Folder: ‘ DADonzie\PapenA2i20iDeeds_cHhSer,
FPGA ‘Ime\;‘.&l@a "DED-CV" (Quartus® If) J FPGA Praject Subfolder ‘ DADonzie\PaperA2020\Deeds_c9\Sens ﬂ

B Fsml_TX_FSM vhdl 8 Fsm2_RX_FSMvhd [E Componentswvhd ‘ B SerialSystem vhd|

Y Multiplexer_2_1

T( I0: IN td_logic;
Il: td_logic;
s0: td_logic;
Q: td_log 1 &

ltipl 1;

ARCHITECTURE behavioral OF Multiple 2 11
BEGIN

Q I0 when ( ) els

Il whe ( 1') els

END behavi oral
1ik e;
us ee.std_logic 1164.all;
<

‘ Modify Assignment

Test On FPGA |§ Close | ‘

DITEN — University of Genoa — Italy 21



Now we can launch the FPGA tool

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

* 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 — University of Genoa — Italy 22



The role of the specific FPGA tool

- - -
« Now we have the project files opened in Quartus® I, read
]
to be processed (1).
- -
 The student needs only to con |p|Ie them (2); no operation
y ,
n the VHDL code is needed b beginn
on the code IS neede ytlne eginner.
= (] Quartus Il 32-bit - D:/Donzie/Paper/A2020/Deeds_c9/Ser/SerialSystem_DEO_CV/SerialSystem - SerialSystem — ] X
[} F I n aI Iy’ tI le File Edit View Project Assignments Processing Tools Window Help % liseﬂﬂ:h alteracl @
SerialSystem MIIE.35-4 3
. Project Navigator 48 x “g#  Compilation Re| ‘
student wi ot 2 R N A
# Fsm1_TX_FSM.vhd 2 |-- Deeds ( _ L pnics Education and Design Suite) Il
# Fsm2_RX_FSMvhd 3 |-- VHDL Code geners on (05/07/2020, 19:07:43)
" Cumponents.vhd 4 - by Deeds (D al Circuit Simulator) (Deeds-DcS)
Oa e B SerialSystem.vhd 5 [-- Ver. 2.30.041 (March 3, 2020)
[ -- Copyright (¢) 2002-2020 University of Genoa, Italy
7 |-- Web Site: https://www.digitalelectronicsdeeds.com
- g8 |-
ro eCt 9 |-- FPGA Board: "DEO-CV Board"
10 -- Chip FPGA: Intel/Altera Cyclone(r) V (5CEBA4F23C7)
11 -- Proprietary EDA Tool: Quartus(r) II (Ver = 12.1spl)
[l - [ 12 (-
15 o
14 LIBRARY iecee;
15 USE ieee.std_logic_llﬁtl.ALL;
4y Hierarchy & Files & Design Units »|| 16 USE ieee.numeric std.all;
h 17
t e FPGA iEsks 28x | g
Flow: |Compilation | customize.. || 19 BENTITY SerialSystem IS
20 @ PORT(
‘Task |LTime B > Clocks:
Oar ~ |5 » Comoile Desian 50128 22 iCLOCK 50MHz: IN std logic; --> PIN_V15
] : ~ Arfalysis&gsymhesis 0000105 23 g : --> "iCK" Clock: 1 KHz Slow Clock Mode = (Sw[08]), (1 Hz),
. =1 Edit Settings —I] 24 TTTTTTTTTTTTTTIoTmmmmmmo oo > Inputs . )
= View Report 25 iGO: IN std logic; --> PIN M6, Push-Button: Key[03] High (if pressed)
l ISI n t e " » Analysis & Elaboration 26 inReset: IN std legic; --> PIN P22, Push-Button: Reset N Low (if pressed)
& » Partition Merge 27 ip7_po_07: IN std_logic; --> PIN_Aa13, Switch: sw[07]
= = Netlist Viewers 28 iD7_DO0O_06: IN std logic; --> PIN AAl4, Switch: Sw[06]
& RTL Viewer 29 iD7_DO0_05: IN std legic; --> PIN AB15, Switch: Sw[05]
ro ram m er &% state Machine Viewer 30 iD7_DO_04: IN std logic; --> PIN_AR15, Switch: Sw[04] -
4 B f 4 i e f
x N @
alAl | O] A Al 4| |7 <«Search>> v
3l o] of AT of |
) = 2
|| B Quartus II 32-bit TimeQuest Timing Analyzer was successful. 0 errors, & warnings
%; @ 293000 Quartus II Full Compilation was successful. 0 errors, 111 warnings -
= m g4 \ 3
= | =\_System /\ Processing (224)

100% 00:01:28

DITEN — University of Genoa — Italy
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FPGA programmer module

 The Programmer software module allow to load the
binaries into the FPGA chip, through its JTAG interface.

* Normally, @ USB [ e st oo — o~
serial port is used e —
to programthe =/ -~ - - s
FPGA boards. T

« The programming | == ——
hardware can be | uw = W
already on board,
or external.

e

. Il

4 DITEN — University of Genoa — Italy 24



A laboratory session: an example

* \We propose to the students to design and test on FPGA a
digital chronometer (*).

« Requested resolution is one L ‘il i
; A==
Min Se

—O—LIT

hundredth of a second, PLS D

c Cent

maximum time measurable
about one hour. ek o—

RESETL———

« Display will show six decimal digits, two for the minutes, two for the
seconds and two for the hundredths of second.

 When the pushbutton PLS is pushed and then released, it start counting.

* On the second pressure it stops and the time will be readable on the
displays; the third pressure resets all.

« The lamp LIT is activated for all the time PLS is pushed.
« The frequency of the clock is 100 Hz.
« We implement it on the DEO-CV FPGA board (Terasic/Altera).

(*) This exercise is proposed in the book “Introduction to Digital System Design”:
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The FPGA Board

 The DEO-CV board
makes available the
required six seven-
segments displays,
push-buttons, switches
and LEDs.

e The native 50 MHz clock
generator will be scaled
down automatically by
Deeds, according to the 's&
project setting.
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Design guidelines

* A controller-datapath

structure is suggested to

PLS

the student. @ T

ENC
CLR

« The datapath includes

CLR __|ENC

the time counter and the Controller
associated displays. Time Counter

cK X T . O

« The controller reads the &[] N N
button PLS and handles T @@@@m
the Iamp LI-I— and the MinH Min L SecH SecL CentH CentL
time counter controls.

* The time counter is cleared by CLR and will count when ENC=1".

« We suggest to implement the controller as a Finite State Machine
(FSM) that will track the PLS input.
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Time counter architecture

« The suggestion given to
J. the students is to divide

PLS Controller

o the counter in six BCD
q; (Binary Coded Decimal)

" - sub-modules.

e a  The interior of each

e 7 module is left to the

7 7 7 7 7 (1T creativity of each one.

B Y O B T P 1 Deeds, each module

—
[»)
_
Ral
o
_
—
9]
_
—
[»)
_
Ral
o
_
—
o
_

elements can be defined
as a CBE (Circuit Block
Element).

« Each module receives a count enable EN from the one on the
right side, and generates a TC (Terminal Count) to enable the
one placed on its left side.

I-?CE
M=

Centl Cen
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The ‘templates’ to speed up the design (1)

« A circuit ‘template’ can speed up the student work.

* The general uniformity given by templates is useful for the
teacher too, to simplify checking of the quality of designs.

 CBE blocks are
perfect to define

circuit templates.

* In the figure, the
CBE component

template.

* 1/O pins, and the
component
symbol are
already defined.

g Deeds (Digital Circuit Simulator) - [DigitCounter_template.cbe] — O X
File Edit View Circuit JTools Leaning Options Help
DSB&| - R Y% SE B o=
2 HLE PO SHUOY O ek B & E
Counter Enable Terminal Count
Component:  "DigitCounter_template. cbe"
D@
Module 10 or 6 Sl n| | N}
b [ 1]
MOD ) R C M
E K 0
S D
Clock o|71c Digittnt oy | o
]
Q
Async. Reset rg\.g?
00 ™
RES ] | s @
_ Q < >
A
File: related commands Ad
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The templates’ to speed up the design (2)

« Atemplate of the top level circuit is also very useful. Why?
* In Deeds, Input / Output components have a special role.

o

Insert

Controller

O0—

Y

eset

Insert
CBE

CBE

CBE

f‘b

nsert
CBE

CBE

CBE

TN

T,

Timing Diagram:
Input components
memorize the timing
sequences used for
the simulation.

Test on FPGA window:
Input and Output
components store the
association between
the schematic and the
physical devices on
the FPGA board.
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The ‘templates’ to speed up the design (3)

* You can give to the student a top project file empty, but already
prepared for the FPGA prototyping.

— You can test the solution in advance by simulating and prototyping it.

— When all is working, it is only necessary delete from the circuit all, or part
of, the circuit elements.

— Leave In place the Input and output component, just to grant timing test
sequences and the FPGA board configuration, to grant clear and

comparable solutions from all the students.

Controller

=—PLS

LIT
ENC
CLR

—1
—1
—1

E Controller_template.fsm - Deeds (Finite State Machine Simulator) - [AS... — O X
ﬂ File Edit View Simulation Tools Learning Window Help

DeH: 0 8 occol wxll 588 s

>
Modified  |A4: {140, 129)

Templates can be defined
also for the FSM
components (see the
figures aside).

The component symbol
has been defined, but the
ASM-chart presents only

a partial suggestion.
DITEN - University of Genoa — Italy
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The final circuit of the chronometer

LT

000
PLS Controller CLR
PLS LIT
ENC
CLR
PLS
1
u]
K
001
Res LIT
0 D
%})‘ 1
R ¢ M R ¢ M R ¢ M R ¢ M R ¢ M R ¢ M
E K Q E K Q E K Q E K Q E K Q E K Q
S D 3 D 3 D 3 D S D S D
—TC EN TC EN TC EN TC EN TC EN TC EN g
Q Q Q Q Q Q D
[30] [30] [30] [30] (501 (301
X X i fm m X
0 0 S 9 | 2
L L {
MinH Min L SecH Secl CentH CentL
Q3.Q0
EN
Counter Enable @ CounterFsm m
EN . EN Qo 00 1 Q
03
MOD Qi o
Q2 02
Module 10 or 8 Q3 03 Terminal Count
TC é TC
MOoD TC
Clock Ck Res

Async_Reset

010
ENC
lllc

PLS

PLS
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Specialized inputs: the programmable clock

‘Clock’
‘Slow Clock’
Fck = 100Hz

Sw[09]:
enables the
slow mode.

Key[0O0]:

to pulse the
clock in slow
mode.

LEDRJ[09]:
to shows clock
pulses.

#5 Test On FPGA (Project: "ChronometerF.pbs")

Deeds Project Folder: ‘ D:\BookProjectiLibro\ENG\Chapter3\D eedsFilesFPGA\Chronometert

o PGA Board / Brand:

|

FPGA Intel/Altera "DED - CV"' [Quartus® 1)

«| FPGA Project Subfolder: l D:\BookPloiecl\Libm\ENG\ChaplerS\DeedsFilesFF'GA\Chmnnme!er\ChronometelF_[‘ =

X

Inputs  Qutputs DEO - CV (Altera Corporation / TerAsic) @ o) n <
PLS l _‘ -
Switch: | «l || LEDRedt | ——
IReset |
[ Push Button: | ———— v | | ———
cK — Yi—/———  “I|| DisplayHex | ——
OnBoard Clock Resources: |} Dgplay (DualHex) s
=) Clock Generator Frequency: ‘ 100 Hz v] /. |
Slow Clock Mode Enabled by: \w \ 1
Clock Pulses:| Key[00] v Led: W
v

asiC m"\ds..

UNIVEﬁSlTV -
R A

| Empe

B ] Ji==)
sl bl il

Select an Input/Output Element...

Board Assignments  Project Files

% Assignment Summary Generate Project Test On FPGA

Assignment Reset

Close

Help

(The associations have been already all defined in the template)
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Exporting the VHDL project

* Now students
are ready to
launch the
specific FPGA
tool to compile
the FPGA
project files
(Quartus® II).

o
File Edit View Circuit Simulation Tools Learning Options Help
DSH&| . P R ||w S5 | & 0 = 8 88

FPGA Board / Brand:

Deeds Project Folder: [ Di\Donzie\PaperA2020\Deeds_cI\Chry

[

ntel/Altera "DED - CV" (Quartus® () _] FPGA Project Subfolder: I D:\Donzie\Paper‘\AZUZU\Deeds_cB\Chr\ChrononE

Fsm1_Controllervhd | Fsm2_CounterFsm.vhd I Fsm3_CounterFsmvhd I [ Fsmd_CounterFsmvhd [

[# Fsm5_CounterFsmvhd I [# Fsmb_CounterFsmvhd [ Fsm?7_CounterFsm.vhd I [# Components.vhd [& ChronometerF.vhd

== D&

MiriH

,E Ready to Test on FPGA! (Project "ChronometerF.pbs")

X

S FPGA Board: | Inte|/Altera "DEO - CV" (Quartus® IT)

AR Deeds Project: | ChronometerF.pbs in:| D:\Donzie\Paper\A2020\Deeds_c9\Chr\

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

FPGA Project: | ChronometerF.qpf in:| D:\Donzie\Paper\A2020\Deeds_c9\Chr\ChronometerF_DEO_CV

= u

Launch Quartus® I Open FPGA Project Folder

%. Configure Cancel

~

S

Board Assignments  Project Files

| oo ] oo |
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Compiling the VHDL project

* The project in Quartus® Il is ready to be compiled (green arrow).

 The top VHDL file contains the structural description of the digital
network schematic.

 The other VHDL files collect the behavioral descriptions of all the
components used by the network, included user-defined FSM, micro-
computers, ROM contents...

» After the compilation, we are able to transfer the circuit to the FPGA
using the programmer module and the USB connection (yellow arrow).

& Quartus 11 32-bit - D:./Donzie/Paper/A2020/Deeds_c9/Chr/ChronometerF_DEO_CV/ChronometerF - ChronometerF — O X
File Edit View Project Assignments Processing Tools Window Help = Search altera.cl @
D= d & % . |ChronometerF | X L I s I ™ " S S T )
Project Navigator 1@ x w Chrono d B I
= Files 19 EENTITY Chronometer ﬂ
# Fsm1_Controller.vhd 20 = PORT(
#d Fsm2_CounterFsm.vhd 21 | > Clocks:
# Fsm3_CounterFsm.vhd 22 iCLOCK 50MHz: IN std legic; --> PIN V15
# Fsmd_CounterFsm.vhd 23 © { --> "iCK" Clock: 100 Hz Slow Clock Mode = (Sw[09]), (Ke
# Fsm5_CounterFsm.vhd 24 F [ P P ————————— > Inputs:
iﬁism?_%oun;erismy;j 25 iPLS: IN std logic; --> PIN M6, Push-Button: Key[03] Low (if pressed)
B CSoTn Ln(;l:]r;se\:hgm'v 26 inReset: IN std logic; --> PIN P22, Push-Button: Reset N Low (if pressed)
] Chrolimometer-'thd A > Outputs:
' 28 oLIT: OUT std logic; --> PIN AA2, LED (Red): LEDR[00]
29 --oMinH, decoded:
a0 aoMinH a: OUT =td lacdic: -=-> PTN N9. Seven Serm. NDisnlav: HEX § Secment: 0 (a)
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Testing the ‘physical’ chronometer

Time Display

W B3 A G A S 0 —t

SORAV 1:13-;15

‘i'z;" I.l ) IU i u'

“‘1\ v*‘g et
S EETTEET N Tl G

'Mllill.lllllﬂl Jr

Slow t Manual # t
Clock LIT@® PLS Clock Reset
Mode

« Laboratory assignments always include a board synoptic view of the 1/0O
of the circuit under test.

« Switches, push-buttons and LEDs of the FPGA board are put in
evidence to facilitate the testing of the circuit.
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The chronometer at work

C.l I{fd

xx.l;mw =

{3 o w WWES oue
m’” ﬂ“ \\~
”w MENTS| D\ ”“_‘" ':‘3}.!&‘5{ “

Thank you for the interest and participation!

]
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