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Deeds (Digital Electronics Education and Design Suite):
VHDL generation and testing on FPGA

Deec
Deec
Deec

*A new extension allows to export a project in VHDL format and to test in a FPGA board.

*An Expert allows the choice of the FPGA board and its configuration for the circuit under test.
»Beginner learners can test Deeds projects without a previous knowledge of VHDL and FPGA proprietary software.
*More advanced students still have the choice of interacting directly with the FPGA development system.

S Is a learning environment based on three integrated simulators with good features and a simple user interface.
S IS associated with a repository of learning material and application projects, available on the web.
s guides learners from simple gates circuits to the hardware/software foundations of embedded systems.
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R P EEre ot
L DEEDS Laboratur}r Session ENTITY MSF 1 IS s
- T o I S T PORT { —————mmmmmmmm e >Clock & Reset:
S || http:/fwww.esng.dibe.unige.it/deeds/LearningMaterials/LM_en,/( c l Google Cle s IN std logic;
UNIGE AulaWeb Deeds Musica YouTube Meteo Utilities '-'l Google ] My Facebook lj‘fffEi_flj_ffii:ffgf?i____j{nputs.
LIE: IN std logics
Micro-computer systems: parallel interfacing and interrupt handling EN: IN std logics
. . . . | | L »0utputa
Introduction to parallel interfacing and interrupt handling oc: OUT std_logic:
. . . . . . {B: 00T std logic:
This project requires the Deeds simulator installed on vour PC. You can download Deeds here. ey OUT std_logic );
An embedded microprocessor-based system controls the flow of cakes at the output of a continuous-typ END MSE_1;
The oven has four separated cooking tracks. Every 10 seconds it communicates to the factarv conteal®l _|__.__________________________________________ ARCHITECTURE behave OF MSE 1 IS -— (Behawioral Description)
sending a report about the number of cakes produced in the last 10 seconds, for each { ]g TYPE states is ( state_a,
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A timer, connected to the DMCS processor, sends an interrupt request INT every 200 m
acknowledge signal !TNTA (generated by the processor when it starts execution of the interrupt routine) clears
automatically the interrupt request.

Il sistema & composto da due parti fisicamente separate, un trasmettitore
che la riceve. Le due porzioni del sistema sono collegate dalla linea SER e g

Deeds - Progetto di un generatore progr.. atate_b,

(I}
Write and test the control program of the whole system, according to the following speci state_c,
\ ) | file/ S/ D ESDS AulaWeb/Labs/Lab_12FPGADZ2 Tndex.htm state_d,
. N 3tate =,
System architecture UNIGE |} AulaWeb | | Deeds | | Musica | | YouTube || Meteo [} Utilities *§ Google dummy_101,
I dummy 1140,
/\ COUNT CK " dummy 111 };
_ = I SIGNAL State,
] \ﬁ/ Next State: statea;
: CK 1 BEGIN
|
DMC8 <:> _ 1 T -- Next State Combinatiocnal Logic —---—---———————————————————
. GO : FSM: process( State, DIR, EN )
I begin
1 CASE State I3
—_— = 1 when atate_a =
INT [INTA BO MSF SER 1 SER if (EN = '1') then
. m I if (DIR = '1'}) then
Timer B1 TX 1 Next State <= state_b;
200 mS {ORED elge
WRITE B2 Next_3tate <= state_e:
end if;
TRACKS CODE slse
ISens DI Sz Next State <= 3tate_a;

end if;
when atate_b =
if (EN = '1l"}) then
if (DIE = "1') then
MNext State <= 3tate_c;

else
Next 3tate <= 3tate_a;
end if;
else
Hext State <= 3tate_b;

end if;
when atate_c =X
if (EN = "1") then
if (DIR = "1"} then
MNext State <= atate_d;
glae
Next 3tate <= 3tate_b; -
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Examples of Deeds projects exported in VHDL and tested on FPGA
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A Deeds project ready to be tested on FPGA

References

G. Donzellini, D. Ponta: “From Gates to Embedded Systems: a Bottom-up Approach to Digital
Design”, “VIII 2009 International Conference on Microelectronic Systems Education — IEEE

MSEQ9”, San Francisco, California (U.S.A.), pp.61-64, 25-27 July 2009

G. Donzellini, D. Ponta, “A Virtual Laboratory for Digital Design”, International Journal of Online
Engineering (IJOE), Vol. 4, No. 2, ISSN 1861-2121, http://www.online-journals.org/i-joe, 2008

G. Donzellini, D. Ponta, “A Simulation Environment for e-Learning in Digital Design”,
Transactions on Industrial Electronics, vol. 54, no. 6: 3078-3085, December 2007

G. Donzellini, D. Ponta, “The electronic laboratory: traditional, simulated or remote?”, in
Advances on remote laboratories and e-learning experiences, L. Gomes and J. Garcia-Zubia,
Ed. Bilbao: University of Deusto, pp. 223-246, 2007

Altera Corporation: www.altera.com

/]

|

Project
Files

L T

Select an [nput/Output

K cabfisa s lshisa s (PR

'hﬂh.‘::‘;ll—.!:'.l'.ll-..'. ol

Altera Quartus II DE2 board

. Export VHDL (from "CounterFF.pbs")
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| D:ADonziebPaperta 201145 EEE_MSE\Deedsh

e WYHDL Subfaolder: | D:hDonzietPaper A2 15EEE_MSENDeeds \CounterFF WHDL

Components. vhd EaunterFF.vhdl

Top Level WYHDL File:

—— DEEDS (Digital Electromnics Education and Design Suite) -
—— VHDL Code generated on (03/0&8/2011, 09:3&6:19%9)

by the Digital Circuit Simalator {(d-Dci5)

Ver. 1.20.101 (Feb 4, Z011)

—— Copyright @& 2002-2011 DIBE, University of Genoa, Italy
Web Site:

LIBRARY ieee;

USE ieee.atd logic 1164 _ALL;

ENTITY CounterFF IS

DORT

iCLE:
inClear:

END CounterFF;

CounterFF.vhd

Uses: | Componerts. vhd

m

http://www_esng._dike _unige.it/deeds

IN =td logicy
IN std logics
OUT std logic;
CUT =std logicy
OUT std leogic

M ezzages:

{(Warning) Cutput "A" renamed to "oA" [Comp IDE &] - Test on FPGA
{Info) Top level structural VHDL description file loaded ("CounterFF_VHD™)

[Info) —————— e s

{Info) VHDL conversion ended Cloze
[IRED) *wddddbbbbbrbbb b bbb b bbb bbb b d bbb bbb r bbb bbb bbb bbb bbb bbb b ddd bbb bbb bbb =
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The Deeds VHDL generator

FPG& Board / Brand: Biltera DE2 hd
| J e:| Seria Page: lof1 -
Iz s l Outputs | DE? board - Altera Corporation / TerAsic gt Infa... || Proect File: “
|*F'ri file® CkScalerScaler
On Board [nput Components: e InCk oCk
: - InRes OutCk i_‘\\ Ck
~ Switche | ——— - iOff SerialRMRX A ) DDEKD 0
ERR . 1 ERR
" Puzh Buttor; | ———— - - JKpetFF:FFC _.._DD:EKD1
AGK o k - EX0_2
& Clock: | 1MHz/1Hz (scaled)  +| 4 A ¥ '%EKD ;
g 17] - LEDR[17] | R source from: g K u Q2
Slow Clock Control: |80 R ! A . sai;&te om K1 nEL 1 {HEXD_4
o —_— = K2 - nPR 1 eHEXD_S
On Board Output Components: . - 1.1 0K
F F = 1 0B P 1 {IeHEX0_6
~ 1 E0 Fedt RN ENSENEEREREEEE] Tiiiiis JKpetFF:FFB 1 {EERHEX1_0
| | - N B sialaiajooi ialialsainjis [ERR ST : iy
o 2 ~ LED (Green] | ——— _ y - HEX1_2
o = Click ta Enlarge e
K & Qp—a K & Qp—a
T o T o (" Display [Hex]: | —— :‘
o 95 11T "t 1vr  1nHAHErty £ merlaoifinal Hawl: 1| ——————
[l | rrefox |
1163 — =—= '

I | | Deeds - Progetto di un generatore progr... | =
| . \(_-/ ] || file:///D:/ESD/AulaWeb/Labs/Lab_12FPGAO2/Index.htm - ||| 2~ Google PG A
UNIGE AulaWeb Deeds Musica YouTube Meteo Utilities -.' Google E] My Facebook | | esplorare-rilevare-Ad-... » [E3 Segnalibri |

Messages

DEEE & % B«
|Serial g | ™ » .{7 .’EBEI} @ @ o L7 &
Project Navigator g X E.@ SerialTX. vhd E@c SerialRX. vhd x| @P Compilation Report
P e S ) 267 =
| =3 Files @ﬁf..;a{} *==,.'—/‘%%ﬂﬁ @ﬁ@assabﬂflﬁ——-
ot SerialTX.vhd 1 H--mm e e e e e e
353 Serialk¥.vhd 2 - Ii::F.:u (Digical 1_ecurc:_c5.1d_?ca,,_c: and ]:-es._c_r:'. Suice)
ab0 garial vhd 3 —-— WVHDL Code generated on (21/02/2011, 12:01:42)
"ED EraLy 4 - by the Finite S5tate Machine Simumlator (d-FsM)
iy ClockScaler.vhd . = o
Eid o 5 - jer. 0.101 (Feb 4, 2011)
o FlipFlops.vhd [ —— Copyright © 2002-2011 DIBE, Univer=sity of Genca, Italy
T - Web Site tp: S /www.esng.dibe.unige.it/deeds
D o e e e  — — —— —— — —— —— — — —— —— — — —— —— — — — — ————————————— ——— — ——— T T o
9
{&% Hierarchy Files & Design Units 10 LISRRRY leee;
11 USE ieee.std logic 1164.ALL;
Tasks B X 12
— 13 EENTITY SerialR¥ IS
Flaw: |Com|:|||at|on v| | Customize... 14 E PC‘R':I: ________________________ »Clock Eese
p 15 Ck: IN std_logic:
Task 16 Reset: IN std_logic:
a Compile Design ir | @000 ———_—_—_—_—_—_,—_—_———————— >Inputs
4 P pnalysis & Synthesis 18 SER IN std_logic:
j EdItSEttII'IQS 19 LCHE IH St.d_lcgiC.:
BE view Report 22 __; _____ ;;____;_1 ________ >Outputs
. . : UT st ogic;
P Analysis & Elaborati : =
> albil Lol 22 KO: OUT std_logic:
- ¥ Fartition Merge 23 J1: OUT std_logic:
4 {3 Netiist Viewers 24 El: OUT std_logic:
£ RTL Viewer 25 J2 CUT std logic;
E_E State Machine Viewer 26 E2: CUT std logic:
8% Technology Map Viewer (Post- 27 CE: CUT std logic:
- W Design Assistant (Post-Mapping) 28 B _ERR: OUT std_logic ):
- W IO Assignment Analysis ;z END 3erialRX;
- P Early Timing Estimate -
P =Y T =T 31 [JARCHITECTURE behave OF SerialRX IS5 —- (Behavioral Description
Fitter (Place & Route) 3z Bl TYPE states is ( state_a,
:| Edit Settings 35 state b,
EE View Report 34 state c,
@ Chip Planner (Floorplan and Chip & 35 state_d,
@ Technology Map Viewer (Post-Fittir 36 state_e,
4 B Mimcice Accicdeed Mend O TETI 3 37 state g,
4 [} E —_
«
b4
= Type Message
\i_.) Info: Quartus II Full Compilation was successful. Berrors warnings
j.-J s L L L L L e T T
» _i.} Info: RFunning Quartus ITI Netlist Viewers Preprocess
4 Ir
Y\ _System /\_ Processing (103) /\_Extra Info J\_Info (84) N\ Warning (14) /\_Critical warning {5) /%\_Error J\_Suppressed () /\_Flag J

|Message: 0 of 373
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Usando i pulsanti indicati nella figura qui sotto, ed osservando I'accensione dei LED, € possibile verificare il corretto funzionamento del
sistema progettato. Si consiglia di predisporre, inizialmente, l'interruttore SW17 (il piu a sinistra della schiera) a Low, come nella
figura: questo ha l'effetto di impostare la frequenza di clock a 844 KHz.

Predisporre B2, B1 e Bo (interruttori SW2, SW1 e SWo) ad una terna di valori a piacere. La pressione del pulsante di Key3,
corrispondente al fronte di discesa dell'ingresso GO, ne trasferisce i valori attraverso la linea seriale che passa dal connettore
GPIO_ 1. Tali valori sono visualizzati dal ricevitore sulle uscite Q2, Q1 e Qo (iled LedG1, LedG1 e LedGo). Il LedG7 (uscita OK)
si illumina; sara quindi spento dalla pressione di Key1 (ingresso ACK).
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ACK Reset

RTL view of the project (top) and on

The Deeds FPGA Expert (top) and the project |, testing on the Terasic DE2 (bottom)

opened in Altera Quartus l1© (bottom)



