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Chapter 1: About this Course

I ntroduction to this package

This course contains a complete guide to using Quar
di agram format, in VHDL and in Verilog.
OQur intention is that, with just a basic understandc
teach yourself to program FPGAs in bl-loekeldi dgs ami mtk
|l anguage.
This assumes a basic understanding combinati ona
itself is primarily a design tool f CPLD/ FPGA t ec
l earning Digital El ectronics
To help you understand the transition between conve
design in VHDL and Verilog, the course includes a r
simulator
How to use this course
This i sstaucdsyelfesource. Whilst a teacher may introdu
students use this resource to teach themselves.
The remit is to enable you to:
use Quartus as a programming tool for FPGA techno
design complex digital systems using block diagra
program using the VHDL | anguage
program using the Verilog | anguage
I'n working through this course, use the |l eft hand r
order they are presented.
The path the course foll ows i s:
setting up Quartus
using Quartus for simple designs
using advanced features of Quartus
introducing Very High Level Descriptive Languages
introducing behavioural VHDL
exploring combinational l ogic using VHDL
exploring sequenti al |l ogic using VHDL
We strongly recommend that you | earn either Veril og
use bl ock diagrams for most of this work.
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Exampl e projects

Within the course, there are a number of sample pro
Veril og and VHDL Code files etc.

The example files are in the resource examples folc
wor king directory

Net wor k users

Users on a network, or restricted users on a standse
to the default Project files | ocation I n this case
files folder is available for each wuser, in their "
What yvou need

To get started you wil!/ need the following:

a computer with Windows operating system;

an BL0O0580 FPGA Solution;

an internet connecti on;

the FPGA course resource (zip) from the Matri xTLS

wi || al so need access to a conventional circuit

Y
t S .

ou
eu

FPGA soluti on

Great for teaching modern digital system design

The BL0580 FPGA Solution featured i n-btlhoicsk sc2o ubrosaer disr
accessories:

E-Bl oc:ik s

BLO167 LED board

BLO145 Switch board

BL0O138 Keypad board

BLO114 Combo board

BLO0O93 FPGA programmer |/ devel opment board.
Accessories:

HP2666 Power supply

terasl C blaster USB programmer
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Chapter 2: About PLD technol ogy

Il ntroducti on

I n this section you wil!/ l earn about:
T The relationship between PLA'"s/ CPLDs /| FPGA' s;
f The main providers of PLA' s/ CPLDs [/ FPGA' s ;

T The FPGA we use and its characteristics;
f The i mportance of PLA'" s/ CPLDs [/ FPGA' s.
The i mportance in the electronics industry, and h
devices (PLDs) and other reconfigurable |l ogic dev
I n most instances, a microcontroller could perfor

PLD. However the advent of FPGA technology has br
argument .

This document explains the architecture of progra
evolved, and why these devices wil/l become more i
I n the bedginning.

PLDs (Programmable Logic Devices) stem from the o
Programmabl e Read Only Memories which was devel op
boom. A variation of this technology |l ed to the <c
devices (PAL), which is where we start this discu
PAL s are simple |l ogic blocks that provide a conf
does not seem that wusef ul but when you consider t
several TTL chips you can understand why their wus
PAL architecture

To understand how this works | ets | ook at a si mpl
This represents the internal workings of a simple
terms A and B are inverted and buffered and made

fusible inputs. The outputs are fed in turn to fi
out put s

The mechani sms and constructions in silicon insid
are beyond this discussion. Here we are intereste
This architecture, and a suitable system to | ets

outputs X, Y and Z to be any combinational |l ogi c

- o
o -

O T~ nw =~ o =
a OO N MO o -

x

< Cc Qoo
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architectur e.

den-dtte si fwesrtsiemmsi er t o
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._?_:_:_;';‘:L / Sy
‘£|7 H .fixv:dOR
prcg_rr;mmoble AND
Hr—ss | — } 7
—321 M fixedOR
;:r'-ogm;nmable. AND
Fig 2. 1: PAL
PAL Exampl e
Assume we want the functions:
X = (A!'.B!') +(A.B!)
Y = (A.B!) +(A.B)
Zz = (A!.B)
(Here we O&,mbttalbe on t o
the top of the Il etter.)
This new diagram would show you
Note that the gate inputs fl oat

how
hi gh

fuses
t he

t he
when

type

wo ul
fuse

(
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Circui t representation

As the architecture inside a PLD gets more complica
draw a traditional circuit diagram of the device. [
of the device, as in the diagram here:
| | ——
sl AY
JREoscc=— N
e ool d e o ——— _,/'
==
L \
s =,
T Y R — 111, \
M=\ e
epp— }_ ..... [,"'
& 3 “A | ]| - '}_
i L IR
L= I
it — \ '
: L : :—--_. /}— + |-]-‘. _[E}‘
1 T ‘I‘b. ,_\‘J T L_.-I'_
. - \
- — }- PLD representation
0:" :::__ / of orcult
[ RS e vy
I qu.,’.—_"_"'_.'_\"'“
2 - 4= — /
[ ' ' i1
Circurt

Fig 2. 4: PLD circuit representation

The inputs and fuses on the AND gates have been sinmn
the available |Iines inside th@dotded'D.cdmmre et iamg thloe j iu
available Iines.

Designers understand that a connection can be made
l'ine by blowing appropriate fuses.®clThhdmatnieows 'r efpare swe
more complex devices to be condensed to relatively
A real device

At this stage, we | ook at a real device. The 22V10
ufacturers. |t contains a | arge combinati octnyapedfolgiig
flops, whose outputs are fed back into the combinat

Fig 2.5: 22V10 chip
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Showing the full circuit diagram in a conventional
its operation, we need to make some short cuts 1in
functional diagram, given below, the multiple inpu
drawing a |ine across the appropriate |l ogic |ines
end of the |l ine. Similarly the OR gate is shown sp
The actwual <circuit of each register block-tiypesliglp
flop but this will do for our purposes.
Notice that the oufpotp fisomhtoowe folhi poth the top ri
l eft of-ftlloe.flip
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Fig 2.6: A block schematic of a 22V10
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The spare |lines on the right hand side of the comb
chronous reset and preset |Iines. You can assume th
bl ocks. Notice that the number of AND Ilines on the
Packages and |l ogic | evels

22V10s are available in a number of packages inclu
mount variations. They operate off 5V and are CMOS

An exampl e

To explain how this works, here is a representatio
the input signal paths (the thick Iines,) for a de
puts) 18, 19, 110, 111, 112:
R T L AR [ AR ==
B i i nin] 1 o1
-_: :E ...X‘rmc GG ) o 3 [ Sy S
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;w;mmmmmm ) e~
12 o=F 1 3 K — et &
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Fig 2.7: 22V10 Exampl e
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Exercise

This exercise demonstrates how flexible the device
the device

Use the 22V10 di agr anbitto cdoeuwnetleorp tanat8 resets at a c
should print out a <co@ppy oift tfhreom® 2WdWwWr br owser and p
firand mark with a dot the connections you want on
the fuses that are |l eft intact after programming.
I n formulating the answer to this tasksegbulmay fi nc

02[{03[04]05
z 0 0 0 0
Z+1| 1 0 0 0
Z+2| 0 1 0 0
Z+3 1 1 0 0
Z+4| 0 0 1 0
Z+5 1 0 1 0
Z+6| 0 1 1 0
Z+7| 1 1 1 0
Z+8| 0 0 0 1
Z+9| 1 0 0 1
Fig. 2.8
wher e:
Z is the state at the time of the first g
Z+1 is the state at the time of the secor
It wi || help to formulate the Boolean equations for
di agr am.
For example: you can see that 02 is simply the 1inve
This can be written as:
02 (zZ+1) = 102
This i mplies that all you need for the 02 Iine is &
flip flop feeding O02.
Karnaugh map may help you to simplify the probl et

Why use a PLD?

A question that coiwhy whmowafltde wei sise a PLD when a m
easy to program and is so flexible?

In the 1980's, when PLDs first came onto the marKket
mi crocontrollers was very inelegant A microcontrol
commitment itenmDmwethi meePr ogbddemmaklse not yet avail al
of PLDs was easy to justify then

Today, reprogrammabl e microcontrollers are the pref
applications that PLDs used to perform. PLDs stil!l
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the top of the diagram on the next page, you cat
able lines which are multiplexed and fed to all the macrocells. The word gnacr ocel | " i s
to refer to a programmable register logic block. Y
d ogic element'. The macrocells themselves are bunc
of which is associated with up to sixteen I/ O (inp!l
is thé PPlogrammabl e | nt ericwhnincehc tc oAnrsriasyt s of a vast ¢
l ines that all ows each macrocell to access all ot he

This basic structure is expandable. This all ows mar
ent versions of the device with different numbers ¢
so does the area of silicon required to implement i
houses the device. The result is that the price inf¢
creases.

At this point the actual internal architecture of
you are going to design CPLDs). The design softwar e
gram these devices, shelters users from having to |
of the device.
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Using System On Chip designs has several advantage

f design cycles are short;

T the resulting system is totally reconfigurabl e;

T the design can be changed in producti on;

it allows the same intellectual property to be reu
A di sadvantage is that it is stildl fairly costly,

falling to a point where more and more ASI C design
with designs that previously used a microcontroll e
now being replaced by FPGAs

System On Chip is such an important technology tha
technol ogy and how to program these devices

Which FPGA?

o 551 G &=
l Power: &’” Ll.
Mo - 5

:z: ;u BL2?93-1

| B
Wity " EEood

A ST-LINKG

¥ |[m[0D000
i opon

AR
wiwa
aw . - -
* R ¥FFr "

SIS

Fig. 2.11:blPPR&GAS 2EBLO0O093

The FPGA device used is Altera's EP4CE10E22C8 FPGA
|l ogic el ement s-bl DkksFPGATrEH pr dVviodks DHofrulsl tB i nter
E-bl ocks boar ds, from simple LED and switch boards
i nternet i nterf aces, Il r DA communication systems, i
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Chapter 3: Getting started

I ntroduction

The f unlcitmiotned version of Quartus which is avail abl
cient for this course. Pl ease note that you may wan
through it whilst installing Quartus.

I nstallation

The Quartus design software is available via the 1|In
The free version is currently called Quartus Pri me
The downl oad first requires the setting up of an ac
the Intel web site.

Al so ensure that you add the support package for Cy
Run the Quaupupr csgertam to begin the install asco@empr o
instructions. Ensure that all drivers are installeoc
Drivers and cabl es

The instructions in the previous section should ena
The next step in the installation is to add the har
Quartus that all ows progra®@miUs® vioatt headddBnBe Bett ke
device.

Some
Thi s
<Path

usB Blaster

—ams [OEO

operating
shoul d have

to Quartus

systems

B OBy
b Sepe

i”“

AR ORAARA

Wi

AU

i
RARBRIBRRIEE

Serial "

aster.

may require a drolb8SBr Bt @seaerb

been installed along with Quartus,

i nstablasten>ddreevensyushb



1ild s i?/ X |eerocks 2

Setting up vour hardwar e

The basic s-BtookpsofoE most tutorials in this course

= AaTRIX

www.matrixtsl.com E-blocks2 development centre
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Pin connections for har dwar e

Wi th tthleo&ks?2 set up in the format described on the
tions are as follows in the next two pages.

Port A pin FPGA pin Switch Character
0 110 0

1 11 1
2 11 2
3 11 3
4 11
5 11
6 11
-

12

o © o1 A W N PP
~N o o~ W N PO

o
=
—
(o9)
©
=)

FPGA pin
73
74
75
76
77
80
83
8 4

ED Segment
a
b
c
d
e
f
g

dp
Ports A and B used with BL®%1H4 GomlBbo board

N~ o oA W N P O T
N~ ol A W N PR O

The exercises use the 4
of the BL0O0114 Combo boa

thus require the select

IXTSL 2012 t-"-:.lﬂTHXXTSL.COH ——— — > = =" t 0 b e S e t a s f 0 I I 0 W S :
Bahky$ENEE BREEE |

1 LCD Of f
1T 7 sé&@®n
7 Dig/ Amagit al




~ o oA W N P O T

~ o o~ w NP O T

or

o
—

t

—

C pin
D pin
E pi

Port

Port

Port

FPGA p
54
55
58
59
6 0
6 4
6 5
6 6

C used

FPGA p
38
39
42
43
44
46
49
50

D used

E

FPGA p
128
129
132
133
135
136
137
138

used

i n
wi t h
i n
wi t h
in
wi t h

1ild s i?/ X |eerocks 2

ED

L
0
1
2
3
4
5
6
7

BLOIG6H.LBD 4board

Swi tch

N o o0 W N R O

BLO145i §8wi 8¢cB board

Keypad
Col umn 1
Col umn
Col umn
Row A
Row B
Row C
Row D

BLO13&ieyBad board
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Columns

Rows

BL0O138 Keypad board | ayout

ort F pin FPGA pin
98
99
100
103
104
105
106
28

N o 0o b~ 0N P O T

Port F avail able for addi ti onal us e

Getting your hardware working

In this section, you use Quartus to check that yourl
much about understandi nyotuharececsgiogr einttgaltfing on tr
progr am.

Under t he ®Quartiscitrortyhe resource zip you wisilmgleandi.nd a

Open this folder andsihpteandgpe a Opér tclylotuefdvillel see a
screen | ike this:
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> 22000993
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D@ & 2t el
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g (%u-nm |

(HODDRER €009 |/ ¢n
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Firstly, select the type of hardware you have. For
USB cable, the USB Bl aster
To select this:

click on the HARDWARE button;

click ADD HARDWARE;

from the HARDWARE TYPE drop down box, select USB
chedkSB BI afsrtoesm the | ist of available hardware it

you€Lurrently seledskadulhdiSoBewaBriéast er

Next select the programming technique:

from the drop down box titled MODE, sel ect JTAG.

I f you have problems getting the programmer to wor Kk
| atest programming drivers for your operating syste
Programming the FPGA

To the Il eft of the programmer screen are a nhumber o
I f your file is not Iisted in the programmer screen
program, and the program settings.

To do this

click on the OPEN icon;

navigate to the original simpleandidpiteandrgpfani

click the check boxes under PROGRAM and VERI FY.
You are now ready to program your device.

To start, click on thefYHH?ﬂ%?OGRAMMING i con

Hi niti f you are not sure of the function of an i1 con,
smal | -upophint appears, disgluayxitngnthe i con

Once you press the button, the program is sent to t
You can now test the AND gate. Pressing both switch
This is a two input AND gate.



Chapter 4 :

Getting
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t o know Quartus I n

Whet her you a

re instructor

or student, you nheed to

enal design tool, used extensively in industry, very capable and very flexible. Its power and

flexibility mean that it can also be quite compl ex
Whil st it has | earning potential for digital electr
|l earning. This is particularly true for basic digit
they have to |l earn electronics and how to use Quart
We recommend that you use Quartus only when you hav
How to |l earn Quartus

When | ooking at the materials supplied with Quartus
novi ces:

the documentation supplied is very compl ex;

the examples supplied are very compl ex;

the assumed knowledge is high.

As a result, learning Quartus takes time and ri sks
For these reasons, we have pihhgyvti edpdpsomectss mphat sy @
yourself These start at a very simple | evel and wo
equi valent to many | ogic chips.

We recommend that you review the Quartus tutorial a
The examples may be complex but the manuals do gi ve
flow and the hierarchy within Quartus. The Quartus
are available from the Altera website (www. altera.c
A note on Wizards

The instructions for entering information in wizar.d
ing you through wizards, we indicateiphégséehkemaéeno
items unchanged.

Using this document

This document contains instructions for designing a
guite detailed instructions so that you can foll ow
document-bgstteepp and enter the design now, or you can
ercises at the end coming back to this document whe
Document conventions

Within this document we wil/l use the following conyv
Courier wild.l be used for anything that must be type
C:\quartus\bin\quartus.exe

CAPI TALS wi ||l be used for menu commands which you n
Not e: Quartus does not allow spaces in file names.
file names throughout these tutorials.
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File Edit View Project Assig

DEEHS % B39
Project Navigator
iy Compilation Hierarchy @ @ £)

Search altera,com @
Y40 rr S0t P ale @
Block Lbdf B |

JAD'EE'D'T"I'T'\\\DDO N ER

©

mn

/% Hierarchy | E| Fles | 4 Design Units | L QJL|
Tasks 1 x

Fiow: [Compiation - | [customize... |

Task
4 P Compile Design
> B Analysis & Synthesis

> B Fitter (Place & Route)

> B Assembler (Generate programming files)

> @ TimeQuest Timing Analysis
> B EDA Netlist Writer

\"“j Program Device (Open Programmer)

1 | 2

@ E] T <<Searchs -

Type ID Message

, o |

A |~

E\ System /% Processing /
Fig. 4.2: Quartus GUI
The areas numbered in this I mage ar e:
l.a standard Windows tool bar, giving access to al
2.two icon fields, which give quick access to maj
these are also accessible via menus. Throughout
commands rather than to the icons.)
3.the Project Navigator, which allows you to see
files it contains;
4.t he St at S window, showing the status of vari ou.
compi | tion);
5.the design area, where you actually enter the di
6.the Message window, where Quartus displays erro
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simulation and compilation tasks;
7.the Bl ock and Symbol Editor tool bar.

With the e

h X of item 7 you can make these ite
VI E&ANUI TI LI T

c
Y

I ntroduction to desighn

I n creating a new design from scratch, you need to:
run Quartus and choose tool bar options, et c. ;
create a Project;
choose your preferred method of design entry: sche
enter a basic design using schematic, Verilog and
choose and use appropriate compiler options;
choose and use appropriate simulator options;
downl oad your design to the Matrix FPGA board;
test your design.
Next, you will work through all of the points ment.i
The steps that follow use the same numbering to hel
out each section as you go through it
Step 1: Run the Quartus software.
The default installation requires you to run Quartu
START\ PROGRAMS\ ALTERA\ 13. 0SP1\ QUARTUS\ QUARTUS 13. 0S
lar). Alternatively, there may be an icon on the de
It may take several seconds to |l oad, and it will tr
there are any updates, so be patient!
Once it has |l oaded your screen should | ook somethin
(] o Quartus Il 64-Bit : o
DEde @9 Y S $%RID P B0 ERO P A O®

Project Navigator 28 x
&> compilation Hierarchy

Start Designing Start Learning
Dtieracry | BFies | 7 Desontns | 7% 4|b Desgnig with Quartus W software

8 x _
Status Create a New Project
Module %  Progress o Time. (New Project Wizard)

Open Existing Project
Open Recent Project:
Ci/alteral13.0sp1/Designs/Des1/my_first_fpga.qpf Buy Software

Ci/Users/John_2/Documents/Matrix/FP...st_design_BDFlyour first_design.qpf
E:lyour_first_design_BDF/your_first_design.qpf

Fm—"Géd‘_ scription | ["Buy Subscription | (Uiterature ] (Training) (Onfine Demos| (~Support |
tion ]

Y] @] [A] 4] (6] [P <<seacn>> ODon't show this screen again -
S .

lessages

21:38
15/07/2013

(il (O D)

Fig. 4.11: Quartus opening screen.
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The | arge (main) window is used for working on desi
the | eft are the Project Navigator (top) and Stat u:¢
are displayed using the View/Utility Wi ndows menu.
The Tool bars can be customized so that only a few
pl ayed. Your personal preferences may not agree wi.t
sume that you can click the buttons |listed below.
the main menus, and such menu routes wil!/l be given.
I n order to reproduce the arrangement eHawn, iuge (Tl
of f all the toolbars apart from Standard Quartus ¢t
foll owing command buttons ont o téhcattidtnosol bar, from t
ApplicatPromgs ammer
Assi gnmeSettst i ngs, Pin Planner, Assignment Editor
Compiditrart Analysis and Synthesis, Start Anal ysi
tion
Edi-Undo
Fi Il dNew, New Project Wizard, Save Al
Hel pSear ch
Projedt asLa&vo@l Entity
To remove any unwanted command buttons, simply dr af
Then click OK (twice).
Step 2: Create a New Project
Click the New Projek%ﬂt( FWiLzEd rNcE W WPtRtCAJrECT WI ZARD) and
|l ook at the information on the first page that opert
Then click NEXT. |[lePostied
Directory, Name, Top-Level Entity [page 1 of 5]
What is the working directory for this project?
Y ou nee d t o s p ec | C:\altera13.0sp1\first E]
t|0 n an d name Of \:I:ttjr:enameofhspro]ect? E]
an d t h e f (0] I d er ( d What is the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
tal nl n g |t T h e t first_proj_top E]
will be set t0 th [coemwnopmses
ever, for this pr
folder ficstal dredl t he
select it as the
ry. You can creat
where else i f you
You al so have to
name for your ©pro
name for the 'top
[<Eack H Next » H Finish H Cancel H Help]
e |
Fig. 4.12: Page 1 of New Project Wizar
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When you c¢click NEXT, Quartus asfis iffolyew wWwioshytoarc:!

if it does not already exist Click on Yes', and paf¢
There are no design files to add to your project, ¢
On page 3, you select the family the specific de

of
Matri x FPGA board is a member of the Cycl obevli\eE f
fambl n tdher get dseevwcitcieon, @&pgdd cikf iom devi ciev asiell &zt @ dd é \n
e &l iésStcr ol | d ddwnma itlhaeb | e 8l idsetv i acneds c I&iPcAkC Eoln0 ERh2=@d c e

used on the Matrix FPGA board. hen click NEXT.
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What exactly ave you created? Use Windows Expl orer

Thdrst fol der has been creat e C;altefall3.0sElx a mpdledém. t he

|l nsi de

t there is a Quartus Project File (.qgp
t hérst f

h a
0 r.

t
| d

o -

There is a db fofiisdtefrowdéhi n t he

There are two files inside that folder.
I f you were to close Quartus now, the next time yol
be called back by <clicking FC,{aItéra/f‘zBOEpE/CENT PROJECTS :
first_proj.gpf
Step 3: choosing your design entry method

I n this first exercise, you are going to create a I
entry method. (Later you will | earn about V ril og
Click the NbDv\IObUBEbBC'[ dand&/ BIEWWCK DI AGRAM/ SCHEMATI
tion and click OK. A new file opens in the main wi:Ht
Editors tool bar The Quartus @Blodklbdfar e names the ne\



Step 4: enter your design Iﬂﬂl-ﬂIX|EBLOCKSE

You are about to create a design comprising just ol

I Tool) button he Bl ock and Symbo
ow all ows you t ct different symil
baophrdletshe, t hedpropnd ofisvledser . | nsi de t he
| der . Sé&lndgadlte vtilcee, and cl i

i
d o]
a r

once in the schematic file drawiimgpudar ANDt g ap!

k
I i ck [%Hautt((ﬁrelectiﬁ)anpolesd‘sséd(by to release the AN
rom your mouse. Select and del ete any spare AND g:

B symbol X

Libraries:
= & primitives A
23 buffer

= E logic
£ and1z
2
£ andz
£ and4
£ ande
£ ands
£ bandiz
£} bandz

FF b
< >
Mame:

and2 E]

Repeat-insert mode

Insert symbol as block

Launch MegaWizard Plug-In

[ Megawizard Plug-In Manager...

Fig 4. 13 Schematic symbol selector.

As well as the AND gate, your design requires input
specify physical characteristics of the design, suc
Use the Symbol Tool again dubrahiest pméfnsledeaere.s / Jdlae
the input pin device, and click OK. Place an input
the AND gate
Next, in the same
fol der Pl ace o
shown bel ow.

| INPUT
_________________________________________________________________________________ vee
Now you can wire
one connection po
release the mouse
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thorjlajlstNdncd)a'e'Foco:Iarefullyoro
int to get into wiredrawing

Fig. 4.15: Partially completed AND gate
ames of the input -alnidc liungputhemnsUdby tdoa l

Now select FIL&EA>dEAVBEgAS box should open, expect i |

first_proj_top.bdf , Since this was the information given i
t o save ifist ifnoltdheer . I f these are the settings in th
SAVE, otherwise enter the required file and folder
Step 5: set the compiler options and analyse the de¢
At this stage, your design needs to be analyzed. TI
software to recognize the input and output names Yy (
This forms part of the compiling process, but befo
check that the system will analyse the right thing:
design, there is only one file, you stil]l need to
right way!

Click the (" tbwuittn®@sn (or click the ASSIMEMMBENTS/hKETTI
Settiings e first_proj_top di alogue opens.

Click the GENERALL atpe g @mysitn atnhde ensur ¢ etvledt etnhheé ttyop
first_proj_top

Next, checkd&ildeast ¢ dher y cont afiismmoj_foubslft t hBl ock Di agr a

Schematic type file. Now click OK.
o
Click&thaet Anal ysi s aA)hnlmItiEJ/.a\bioaaltﬁl@nPROCESSING/START
(Processing > Start > Start Analysis and EIl aborati
After a few seconds activity, the Status window shc
Stakus 13 x
Maodule %% Progress 0 Tirne

Analysis & Elaboration 00:00:38

Fig. 4.16: Analysis and EIl aboration.
I f there are any problems with your design, the cot



1ild s i?/ X |eerocks 2

messages will appear in the Message Window bel ow ¢t
screen Attend to thanmegsages and r e

I f you take a |l ook at the files in your first and f
are now almost fifty files. (You may need to refre:
the new files, i f you have had it open while these
I f there are any problems with your design, the coi
messages will appear in the Message Window bel ow t1l
screen. Attend to thesemamgse®ages and re

I f you take a |l ook at the files in your first and
are now almost fifty files. (You may need to refre:
t he ew fil es, if you have had it open while these
Step 6 Ssimul ate the design

This is the stage at which to simulate the design ¢
the design | ogic. You have to devise a set of input
calcul ate how your design wil!/ respond. I f the res.!
then you start to feel confident that the design wi
As the systems we are | ooking at are relatively sirt
| oading the design into the FPGA chip and testing t
Step 7: fit yvour design and download it to the Mat:H
There are actually three stages within this step.

a.Decide which physical pins on the FPGA chip to
b.Get the Quartus software to "fit' your design i

c.Downl oad the fitted design to the hardware.

Step 7a: adding the pin information

The hardware referred to in theseblnooctkess2 cboonaprrdiss:e s t
T BLO0O93 FPGA board

T BLO145 Switch board connected to Port D
BLO167 LED board connected to Port C

= R 0))

switche:
|l e bel o\

@OE
< =
® =~ =
= N0}
wn
el=2
o —
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SwitchFPGA pinFPGA pinLED

S W7 50 66 D7
S W6 49 65 D6
S W5 46 6 4 D5
S w4 4 4 60 D4
S W3 43 59 D3
S W2 42 58 D2
SW1 39 55 D1
S WO 38 54 DO

Fig. 4.17.

We use switch Sw7 (pin 50) for I nput_A and switch !
For the outputs, we use LED D7 (pin 66) for Output
LED DO (pin 54) for signal OQut put _Q
To make these pin assigndmemtBl@mEmars{oc|l ASKEI GNBMENTS/
PLANNER. )
Double click in thideo datbésalnurnonw (offort hlenput A. )6 EhG.er
The software compl e®Pedl _®Dlei clntENTEBR on the keyboard
Go downdbohattéc onhumn, adding the pin numbers given at
and output®sn Ph& momo&rs | i ke the following diagram.

I Node Name Direction Location 1/0 Bank WREF Group Fitter Location 1O Standard Reserved Current Strength Slew Rate I

iﬁ. input_A Input PIN_50 3 B3_NO PIN_50 25V 8mA (default)

& input B Input PIN_46 3 B3_NO PIN_46 25V 8mA (default)

S output_A Cutput PIN_66 4 B4_NO PIN_66 25V 8mA (default) 2 (default)

‘@ output B Cutput PIN_64 4 B4_NO PIN_64 25V 8ma (default) 2 (default)

‘@ output Q Cutput PIN_54 4 B4_NO PIN_54 25V 8ma (default) 2 (default)

Fig. 4.18: Pins assignment .
Close the Pin Planner.
When asked, click to save the file.
Verify that the pin information has been added t o t

Step7hb: Fit

Fitting is part of the compilation process To st ar
PI'LATION... . The progress of the vari ougsbtsatt@ugses o f
wi ndow.



Status

Maodule

Full Compilation
Analysis & Synthesis
Fitter
Assembler

%

Progress
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®

-F3

Time

[ 100% _ JLiMinC
| T TS | 00:00:11
(ST TP 00:00:29
| T TS | 00:00:22
TimeQuest Timing Analyzer |IFTNET YN 00:00:12

< >
Fig. 4.19: Compl ete compilati on
Hopefully, the message 'Full Compilation was succe:
activity
Step 7c Downl oad
You are now at the stage wh e rfist pyoptap.stfa v e )a rdeeasdiyg nt of i
send to the target board.
I n order to do so, the USB Bl aster driver must be i
USB cable from your computer to the Matrix FPGA bo:
Apply power to the board using the mains power sup|
7.5V
O
Now click the Program@mer bealéeonh TOOLS/ PROGRAMMER ..
Programmer window should open. Tick the check boxes:c
similar to that bel ow.
i Programmer - C:/Documents and Settings/John/My Documents/Matrix/2008/FPGA new/New version/first/first_p... Q@@
File Edit Wew Processing Tools  Window Help 5 @
LéHardware SBtUD---i |USB-BIaster [UsB-0] | Mode: |JTAG v Progress: [ ]
[] Enable real-time ISP to allow background programming (For MA% 1T and MAaX ¥ devices)
File Device Checksum Usercode Ero?jgﬂrgg:,l’e Werify BCIEQS; Examine
g 5top output_files|firsk_proj_to... EP4CE10EZ2 00093382 00093382
Delete
2 Change File. .. 3
& Save File
Tup
1 pown
EP4CE10EZZ
Y T
Fig. 4.20: Programmer ready to downl oa
.
Now hit—hbkbeutton, (or select START). The Progress b
show 100% compl eted.
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Step 8: test the design
The moment overtirfugx ht hat the FPGA c-hinpubeRhdNbDegaae! alcl
ing switch SW7 should make LED D7 |light wup, switch
ing both switches together shoul d ake LED DO || i gh
Not e:
The design is stildl vol atil e. I f you remove power |
| ater section shows how to program the design per mi
Optional step: Amend -¢d hhrapidlesi yamd dewnl oad
Getting your first design compiled, downloaded, an:
some effort, but now you should be able to alter t|
I f you have c¢cl osed down Quartus, you fisemag tprbauncl
ject then, if necfissprgtoy, obdfefni [teh.e Sel ect the AND ga
it Now repeat Step 4 shown eafdri@frm,onmbdthbgealrdcets/an
primitiv&do/lldegi and place it in the drawing to occu
AND gate Save t he-cBoDpiflid ei,t .and r e
Now run the programmer agai nfitzst proptop t hesof faw emodi fi ed
Verify that you have an OR gate by watching the LEI
and Sé&ither (or both) should cause LED DO to | ight
Try replacing the gate in your existing debirgni wsit |
primitiv@do/lldegi.g Save the design file, run a full
tool to download the design. Thent wWwerordlyy tway NtAWNDt u
LED DO is to press both S7 and S5.
Permanent transfer
The programmer wi | first grojviap| oasbf fhée to the FPGA hard
ing it to be tested, but does not instal/l t he code
To do so, the file must be condEAGedndioracdi ¢def icnil
fidlejic) format.
On the main Quartus screen, click on FILE/ CONVERT |
I n the dialogue box that opens:
1 sel @&ctAG I ndirect Coa(f.ijgiuc)a tfdaotmpRiithiepr ogr abmmmpeg f i
i st ;
1T set the configur@&@PC®fd device to
1 set the nfoddtei MenbSeri al
1 clickkrloamsmh Waadethen cl| Adk ®r vébwet .t.o.n;
1T sel ectiCytchheonedde Vi Ee f ami |l y aidkd4tCetd osne ldehceti c e 6n a me
i st;

1 clickoOdkFn démtnal t hen oAdd kFiGbhed.t. an;

Thesel ect | mgpiual Fgbe box opens.
1 Navi gat e firstgrojttépsof file, in the output _files fol

on OPEN.
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es the

resembl

alogue box now one

I Convert Programming File - C:/Documents and Settings/John/My Documents/Matrix/... |'

[amtnaon @
Specify the input files to conwert and the kype of programming file ko generate.

au can alsa impart input Filz Information From ather Flles and sawe the conversion setup infarmation created here Far
future use,

Fle Toos Window

Conversion setup files

Open Conversion Setup Data... Save Conversion Setup, . ]

Gutput programming s

Programming file type: |TTAG Indirect Configuration Filz ¢jic) ¥
Options... Configuration device: |[EPCS4 ~| Mode: ictive Serial ~
File name: | output_Filesjautput_file.jic |

Remate/Local update dFference file; [NOKE ]

Create Memary Map File (Generate output_file.map)

Create CoP Fies (Generate autput_file periph. jic and autput_Filecare rif)

Input Flles to convert

File/Data area
5 Flash Loader
EP4CELD
= SOF Dats
first _praj_top.sof

Properties Start Address

Add Hex Data

fdd Fle...

Page_0) <auto>

EP4CELDEZZ

Remove
Up

Down

Properties

J

gererate | [ close Help

shown

bel

Cli

c k

the GENERATE

button.

The

Next

Buitplit efile. jic

| aunch

t

has

h e

been created in the output fil

programmer, by <c¢licking on TOOL

output_file.jic

The di

Click
Once t

to the

al box resembles the

ogue

i Programmer - C:/Documents and Settings/John/My Documents/Matrix/2008/FPGA new/New wversion/f...

Edit Wiew Processing  Tools  Window Help 5

L%‘ Hardware Setup.. ] |USB-BIaster [UsE-0] |

one shown

D
Eondenan @

2 Change File. ..

[] Enable real-time ISP ko allow background programming (For MA% IT and MAX Y devices)
W File Device Checksum Usercode Program/ Werify Blank-
Canfigure Check
i Factory default enhanced... EP4CELD 00002304 FFFFFFFF
Stop autput_filesjoutput F..  EPCS4 (27556 O
lﬁ Auto Detect
. Delete

i Save File ¥
[ Add Dewice. ..
= -
1 pown T
DI
—F ¥
EP4CELD
Y T
on START to transfer the file to

he transfer is complete,

press the

t he

programme®r o@hamk Codatmidgeurrobdf oyx e s

bel ow:

RESET

(0]

es

S/ Pl

FPGA hai

butt
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now written into the FPGA. When you disconnect the
program stil!/ runs on the board. | f y owuatdtiasccho ninte,c tt
program is retained, and will stil!]l run

A second ddadhiegmlPI N checker

The AND gate example served

to identify the proces
You can now practice those skills on a more compl:
The ai m:

a security system requires the user to enter the

number,) in order to be able to use a device;
the PIN takes the fboirtm boifnaar ys innugnhbeer4d, entered on f
an LED |l ights if the PIN is correct;

a different LED Ilights if the PIN is wrong.
The design shows how two standard | ogic I Cs, the 7
7432 gquiamp2t OR gate can be mimicked by the FPGA.
The Quartus code to do so is found by adding symbo

down the era/ 13.0spl/ quartus/ | i Blriabr aersy.€ ChledcN/Dma x p |
symbols (for +5V and OV respe@ltieecedlyl3. @splfoguadt u:
pri miti vélsi/bortairey.

The 7485 can be casca+<aed tcompraeateoran b8 using the

AGBI inputs K meansg MghamqBalband\ Breat erbr ebpacBi vel y.
As we are not wusing it in this mode, we need to su
i . e. OV to ALBI and AGBI , and +5V to AEBI

We have inserted théleodtyd ecmtn nRICcN,i nggs i nputs B3 and
i nputsB2 and B1 to O0V.

Assuming that the Quartus program is already runni
foll ows.
Use the New Project Wi zard to create a project cal
Pl Ncheck, wlie¢hela tiope called PIN_check_top.
Assign the design to thetltorER£L4CEFPEBEA2ARVI Ce
Create a new Block Diagram/ Schematic file, and s
t

a
Add components, and configure them, to produce h
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= ADE-OT1ANN\NOON ] L
PN_110 -
pin_A e 7485
[Pt ] I o
pin_E D_*,J—'_"” L4 B0
PN_11 — : : "
[erimz ] . 1 B o IR
""" L C——Sme—— A2 ALBD —— =
Py / i ) > wiong
PI_113 B A ] [2F=
= EE ¢— &3
®————ALBI
: AEBI
Py AGEI D OUTRT > night
st COMPARATOR Fr_&4 |

-
w

T Start the compilationAprRrdéysss kndroEh mibrmg at i on

1 Then use the Pin Planner to allocate the FPGA pin
switches SWO, SW1, SW2 and SW3 to input the PIN A
LEDs DO (wrong) or D7 (right.)

1T Once compilation is completed successfully, run t
sign to the FPGA.

T Test it by trying different PINs entered on the s

9 Further worKk:
go back and change the correct PIN in the design,
modi fy it t-bi usPl Bn 8You need to add a second 748
AEBI and AGBI inputs d@d4ABSEOALBOI oAEB® &md sAGBO out

nect the OR gate to the outputs of the second 748
Summary so far

This exercise introduced you to the Quartus softwar
vi ces.

You have seen how to:

T run Quartus;

1 set up a project;

1 enter a schematic design;

T compile the design;

f downl oad the design to the Matrix FPGA target boa
I the next section, you enter the design using the
rather than by using a schematic diagram.

v >
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5 : Advanced

on

Chapter
Il ntroduct.

on, we introduce
of Quartus, and
el ectronics design. You may want
devel oping more advanced projects.
The discussion in this section
Verilog or VHDL files can be
I f your projects are relatively
chapter 6, which concerns the desi

I n this sect.i

capabilities

Il ntroducti on

I n this
T how to
T how to

section you | earn:
compile a traffic
design all the el
T We have split this section into
f the first part | ooks at how all t
the design el ements. You need to
[

t

i ght
ement s

nformation withihu®Quatrhesdesiogn
he second part concentrates on
refer to the design files in part

ect

more difficuldt
of a project,
concentrate on
we | ook at how to
put together a traffic
two bit cousitatre (madhiume) ;
combinational circuit to
top | evel circuit block

Putting a proj

One of the
structure
Her e, we
section,
We wi | |

together

aspects
and the
putting a

v o ©

that ti

(72}

you have
design your
compil e your design;
design your simulat.
simul ate your desi
program your FPGA.

this wild.l
design,

seen, a simplified
circuit;

on;
gn,;

=2 =4 -4 -4 4 3 -4 A -

be
t he

Of cour se,
modi fy your

rarely as

before

Quartus

further
project
to

focuses
i ncorporated
simpl e,
gn

design
from
t wo

enteri

of

setti
project
construct
l i ght

decode

design f

desi

featur es

projects and
management wi
come back to t

only on the
easily i
you may wa

of FPGA progr

from basic
scratch.
parts:
he parts of
put them in
together.
ng an
one.)

Quar
t he

act ue

|l earning how
ngs that are
toget her
el ement s
er th

t he
control |l

amber
toget he

pr

the red,
es these

ow of a

You uUuUSuUua
right.

i near .
gn i s
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your design, before the design is right.
This section aims to help you to understand this
of Quartus. Pay special attention to getting the
as that is wusually where problems start.

Har dwar

We wi | | use -bheckameoBfi guration described earlie

The-segment display is on Ports A and B, the switec
on Port C€C and the keypad board is on Port E
I nstructions
To do this:
Make a new dir exmmptry_ tcrad fl feidc ' . (Avail able in the
Copy the following files to this directory:
Traffic.bdf;
Combinationalpart.bdf;
2_bit_counter.bdf;
(Ask your supervisor for copies of these files
Open Quartus anédNEWIRROIJECTEWI ZARD.
Select the name of the projectd raanfdf itch'e top | e\
NEXT
Select the three BDF files: ADD ALL, NEXT

Set the F&micllyond@ondE sel ect EPHEEAHIERZCB t hen cl i ck
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FI NI SH

Next, examine the three *.bdf fil es. To do this
select the FILES tab. You should be able to sece
turn, by c¢licking on it, and |l ook at the overal
that the design of this circuit consists of twc
( combinational - part.bdf , a B _8it_counter.bdf ) and a high | evel
that is comprised of these two | ow | evel <circui

Compile your design by s&ITeART n@O MR COCAETSISONNG

You have now compiled a complete project. (You
exercise again to become familiar with the desi
I f you want to you can assign pins and send t he
boar d. However, for it to wor k, it needs a cl oc

next section.

A new task

Now, you have a better understanding of how the vart
make up a Quartus project file. We repeat the exer (
el ements of the project, to show you how to enter
Here you wil!/ l ear n:

how to design a sequenti al l ogic circuit;

how to simul ate and test this circuit:;

how to configure Quartus to make a more complex pr
We recommend that you work carefully through this ¢
with the settings in Quartus. Remember to follow t1l
may seem | abbourti oits i s worth doing!

New brief

A traffic Ilight controller consists (in its simple:

combinati onal l ogic to decode the status of the r e

we are basing the design on the British traffic | ioc¢

you can vary this design to mirror your own nati ons:

OQur aim is to teach you how to use Quartus. We ass!

traffic |ights work. I f not, then please refer to

design is explained further.

We are going to split this design into two stages:

first, we design the csiirncpdiet teMoemeant scounter and s
l ogi c;

once these are working, we design a higher |l evel
complete circuit.

This is not the cleanest way of designing a circui!t

decl are the inputs and outputs to the blocks and tl

However this technique is one that needs practising



Building the two bit counterl7ﬂlﬂIX|EBL0CKsa

OQur traffic | ight deshigtn ccoounnstiesrt smaodfe af rtomo J K lip
design neat, we will separate the counter component
nent s.

To build the counter section, follow these instruct

Start Quartus and sef traffipquatumew. pr oj ect

Start a new Block DiagrambFtl eoantdtedeslUgre aKt wbi
storage symbol sect icounterclotkal,l arhde time uttwaun-out put
terO andounterl . Save the 2Amtsougterbdhis . You should hav
design that | ooks |i ke:

Rl st e el
OO0V -V
I 2 2 coumter MY
A
L+
o
9|
- |
.|
%
o
"
-
L]
'-—ulln-f'*___________—____—_—_
el C=EsR W  um
Fig. 5.1: 2 bit counter.

For this project, we build the combinational |l og
We could get the whole circuit in one Block Dieé
break the design into separate el ements. When
hi erarchy of eigcuhstelaessmeynotu woul d i n a software
define functions and sub routines. You need to
2_bit_counter.bdf sits in the hierarchy of your design

this, sele@tSEPFIRGJIECTOP LEVEL ENTITY.

Make sure your design compil es éSOWRSe ICOMPil AT | POR

(You will not be able to find the nodes of your
Testing the two bit counter
This section shows you hoebw tt ocosuntudra.te the two
Build a Vector Test Waveform that <c¢clocks the input

two outputs count upw?bid®unterswfve .t hi s as
You should have something that | ooks |ike:
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P G e Al Aepeets Paang SR o 1IN0
D=a e N2 88900
00000 /si¥a BRY® &

=%
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S0 EpR>C
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TR 10 e Tt | ey s o | i s e € g o M Il ot ekt s St Sl S P M b0 -
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B2 e Wl it S _$5 e 0t

\Prancmig fyme [/
——id) L Y‘—E— e

Fig. 5.2: Testing he counter.

You can use this-btiot tceosutn ttehre. t wo

Building the combinational sections

Next, we move on to design the combinational l ogi c

To do this:

1. Make a new Bl ock diagram f colnerOwa h goumntanlp tatnsd loault eplult e
red, amber andgreen. The foll owing screen i mage shows how

fo::rfﬁ.‘:?:::”\»-~ooa
€0000 /rvi Ry B
T 22 &
A
8 -
1 *ZI'P"J-'D' R s
:ll : - ’—“.",‘_‘_._5._4-- —
% & I—D"I
® —— (— o J:" . [~y 3
o D T
kI P oy 3
| Cr— . (0 e B apY s o
. P D
o
o
N
(Foaney Sy /
E“"‘ lo2 12 S — o
Fig. 5.3: Building the sections.
2. Set the compiler focus on to this object t

s o0, selecté PRDIEETTOP LEVEL ENTI TY.
3. Compile this part of the design
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Creating a top |evel design

We are going to create sections that Quartus can r ¢
have designed. We can then design a top | evel desi
new parts. I n practice, we wil l-ome drogdattihregc 8tuma erre
one for the combinational l ogic bl ock.

To do this:
Open t-bet2counter.
From the FILE menu sel eécSYMBREATHE/LUE DFARTGEM CURRENT

Quartus will create a new pbiof ecdurstyenb ofl i If & .0 mY d
this by clicking on the Symbol tool, expanding
6+hnextPromj ect’ and you will see your new symbol
Repeat this for the combinational |l ogic circuit.
Now we can create the top |l evel design.
To do this:
Create a new BDF and save it as traffic.bdf.
Click on the symbol tool and expafdi t heoPnbeect s
and &aombinational part' symbol
Il nsert an input clock and output pins.

SAVE the file.
Sel ect PR®EDEECAS TOP LEVEL ENTITY

You should end up with:

M OEE ves Rana Apwests g Yo seaoe 1w
DS @ um |~ Mr 2T 00 F0s
PSGOOY Vv BRY® (e

~30Q,r433.)00>% @

700"

—— Ll o 12 4} u._ el

Fig. 5.4: Top |l evel design.

The next step is to compile this design to check f
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Simulating the whole project

Finally, we can simulate the whole design to cl
To do this:
1.SelectéWREWEOTHER F4 YESTOR WAVEFORM FI LES.
2.You should know how to setirepetrhe owzzaeflorem fsie
doubt !
3 .S av e traffg.vwf.
4 Update the Assignments setting for this simul
5.Simul ate your file.
Open the Project Navigator screen. You can see
Device design files

Traffic.bdf

Combinationalpart.bdf

2_bit_counter.bdf
Software files

none
Other files

2_bit_counter.vwf

traffic.vwf
Exercises
Exercise 1
Load the traffic project into Quartus. Make sut
Look at this project in detail to reinforce yol
Exercise 2
Build this project again from scratch, to make
ments of Quartus. (I'f necessary, refer to earl:
Exercise 3
As you can see, there are some errors in the c¢
which result in the traffic |Iight output sequet
Redesign the circuit so that the sequence is a:¢
T Green
T Amber
1 Red
1 Red and amber
T Green
T et c.
Exercise 4
The traffic |Iight combinational |l ogic circuit i
than are necessary Redesign the it to use fewe
using simulation
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ercise 5

practice, a crossroads could consist of four set
cles of lights.

suming that they are gesictage edt dtye amacmphe @l i ke
sign,) make a table that shows the output sequenoct
en design a circuit that wpemdeceod tohwet pot Bowi ng

CounteCounte Red /Amber Green Red Amber Green 2

0 0 of f of f on on of f of f

1 0 of f on of f on on of f

0 1 on of f of f of f of f on

1 1 on on of f on of f of f
Prove your design through simulation.
Exercise 6
Assuming that the board is supplied with a 20MHz cl
the clock frequency down to 1 Hz and uskei tt hd su mtse ra.
Take this design one stage further by assigning pitl
design into the FPGA.
I ntroduct & opd awd
I n the previous section, we | ook éddtatapgbatidrdtiinrgg Qfuraa
i ndi vidual design el ements, assigning symbols for ¢
design together in a top |l evel design.
I n this section, we exami mieo-ptohvénl et hédrri sapmwreoascart b
the topology of the design and then develop circui-t
This section does -lnytstceopmtiansnt rsuwecetpi ons for the proj
di fficult, then go back to previous sections and pt
I't is recommended that, in addition, yodMythikresta FBC
Desibgwvhi ch offers a very gé og oswlireeprpvrioceanc ho.f (tThhei s i s @
downl oad from the Altera website.)
Top down approach
I n this section, we examine:

the top down approach to | ogic design;

how Quartus assists the design of more complex pr
how to incorporate 74xxx el ements into your desigrt
This project starts to demonstrate the real benef it
only a ffelwopfsl iagpnd some discrete |l ogic, the benefits
into their own when projects become | arger and mor ¢
an appreciation of how and why.
From now on, we assume that you have got to grips \
way Quartus works. We no | onger t-lakset eypo u Itnhsrtoeuagdh,
concentrate on explaining the systems in | ace
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A counter design

Load t he prtwojdgic tounter.quagtus

This is quite a | arge project, which compiles into
that allows for easy design generation and updati ng
Make sure the Project Navigator window is open, an:¢
The top | evawo dgindountenbdfi s whi ch | ooks | i ke:

P LR e Mamd Awoweti Mg S SRe WD
DEv & Bloc=IW»r22OlOO
eGO0V F v

20 A 331005

700 &«

Fig. 5.6: Counter design.
Notice that:

1 The whole project is contained under the BDF file

T I'n 2 digit_counter.bdf, you can see that the proj
di splay_block, counter _block, and clock_Dbl ock.

T I'n the 2 digit_counter.bdf file,we havé[0Ostd]the
allow us to wire buses together easily.

f This shorthand notation can also be used for inpu
up your designs.

T When wiring blocks together with conduits, you ne
conduit and how these connect to the block el emen

T The easiest way to access any part of the design
reveal the sub circuit it represents.

T This block approach all ows newcomers to the desig

T Where a conduit enters a block, there is a smal
this block allows you to map the conduit connect.i

1 There is an option to allow you to view/hide cond

having troubl e here.
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f The naming of all conduits and signals i s mea
f The pin assignment editor knows when you have
and puts pin connections on automatically to
T I n di splay _bl ock, and counter _block we have
T Where you come across a 74xxx part, you can d
Manager window to see its ela@afmenthhd dhealnmf.' Trhea
plied by Altera and can Beefcdaurmd iof tthe GYHWbBR
M The di sadvantage of wusing 74xxXxX components 1is
the symbol can be tricky.
Top down design
Theé o-dowddesi gn met hod i s important for several
T it encourages you structure the design in
9 it allows a number of designers to work on
each being responsible for one of the sect
T it Iis easier to debug;
T it facilitates development in manageabl e '
future designs;
T it i s easier to document.
What's in the design so far?
The design files consist of:
M Device design files
9 Counter Dblock. bdf
9 2 _digit_counter. bdf
T clock_block. bdf
T display_block. bdf
T V. .\ .. ~\7447.bdf
T \...\. . ~\7490. bdf
1 Software files
f none
Eil | in the bl anks
The project i n d¢artiak Two iDigie Counter y on the CD ROM i s
ation of the 2_digit_counter project that has had the clock
You need to:
M copy this directory to an appropriate place o
1T create a new block to replace the c¢clock circu
T edit the top | evel bl ock design file ( Two_di
file;
1 add output pi ns-sfeogrmetnhte ddiusapl!l ary ;
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T recompile the desi gn;

1 verify (through simulation or otherwise) that the
1 There are several ways I n which you can replace t
1 you can design a clock ci+#fdwipts;using individual f
T you could use a 74 series counter,;

f you could try wusing VHDL, (if you were feeling am

Not-eyou can c opoclockt bhoek.bdfi | € r om t he Twmo ibigcomnted directory

i f you want to save ti me!
You should practicoe boekbditi hgomhehe bl ock symbol i f

Li girthaseMegafuncti ons

Megafunctions are modules, designed by Altera for u
by default in the Qu dibrariesAnedafunstioist e, 6f ol dde, when you
down |l oad the Quartus software. Their function is t

creating a FPGA design.

We will access tdMegaWiszamgdmnPiagd.ger
The task is to-chessiegn avhleirggchtone LED is | it, and t h
LED to its | eft is |it, and so on. This behaviour r

The design requires a c¢l ockchsaisgenralp attot emmank emotvhee tloi gth

We wi | | usd oac kpehdasleoop (PLL), WegdWguarednblyMaaobrger

The clock frequency from this wil.l be too high, so

simply to generate a | ower frequency clock signal

It is followed by a shift register. I n this, the st

each clock pul se. l'ts outputs wild.l be connedbdttse@rto

effect.

Assuming that the Quartusl| program is already runn

T Use the New Project Wi zard to create a project ca
wi t h a etvoepl file called chaser _top.

1T Assign the design to thethttorERL4CEFPEBEA2AEVI Cce

T Create a new Bl ock Diagram/ Schematic file, and sa

LigitthaseWsing the Megqafunctions PLL

You just created the chaser _top.bdf file. The task

in the previous section.

First, tHeckhasd p:

7T Click (iﬂ]ynnbrﬁjelcoD‘ and then 0engaWiezar-dnPMaga@er .
button.

The first page of the wizard appears.
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The action to create a new megafunction is already

MegaWizard Plug-In Manager [page 2a] &l

Which megafunction would you lie t0 €LSEamize?  ywhich device Famly will you be using? | Cyclone I E v
2 f h . el s Fam 2l el
n page a (0] t e WI Zar - which type of output file do yau wart ta create?

Q X
. 5 3 AHOL
T expanddtédeol der by cl i . s 0w
A H . ,, ALTDQ_DGS (& Verilog HOL
+toe x t to [ Qtlzgﬁqszwan what name da you want For the utput file?
q el ect t he me g a f@ O T PAL: O ¥ ALTGX_RECONFIG i faleerafDesignsichaserfgl [}
’ %, ALTINT_OSC Output files will be generated using the dassic file struckure

h ec k t hc’ﬁ y c It (bl @ &’jf h ml E y :zﬂﬁggx [] Return £ this pags For another create operation

; Mote: To compile a project successfully in the Quartus IT software, your design
h . < ALTLYDS Tx files must be in the project directory, in a ibrary specified in the Libraries page of
osen; L ALTMENPHY the Options dialog bex (Tools men), or 3 brary specifid i the Libraries page
. aLTocT of the Settings dislog box (Assianments menu}.

e I ejk:etr | | 0 ga SH [th e ou t p U L ALTRLL Your current user lbrary directories are:

; %, ALTPLL_RECOMFIG

ype, Curewae @
ame the output file H°- ’
nd of the directory 1 cce ][ <pok ] (s ] o

l'ick NEXT.

=
O ®O > —+Tunm O o n o

MegaWizard Plug-In Manager [page 3 of. 14]

Dot

o n p a g e 3 > npursfiock > Bandwekd ‘
T confirm t@wanr ¢ mtel y sel Bt

kD Able t l It the ted PLL
ice foéami byill Cycl ondp=jmmmm fwyf 7

[t [atclen cagfoe G f
[eolin ] oo s0m]

ﬂ I eave t h e S e I e Cc t e dé Ssép’ e e Which device spesd arade will you be using?

Use military temperature range devices only.

h t h f A m _ Whit isth Frequency of the InchkD input?
an g e € re qaJ e O lyro 0 Set up PLL in LYDS mode Data rate; [Not Avalable - | Mops

M H . PLL Type
u t t (0] z , which PLL type il you be using?

Fast PLL Enhanced PLL (%) Select the PLL type automatically
~ . .
eawd L 1t @per ati odatm
Hewi wil the PLL outpits be generated?
(@) Use the feedhack path insids the PLL

heir default settings @ moamanoce

© In source-synchranous compensation Mods
I H k N E X T © In zero delay buffer mode
|1 C . Connect the fbminic port (bidiectional)

) with no compensation

<

General

II

- T O

=
o

Create an Foir’ input For an external Feedback (External Feedback Mods)

Which output clock wil be compensated for?

O n p a g e 4 : MegaWizard Plug-In Manager [page 4 of 14] 2Ix)
T uncheck all options; & auteuL
T click NEXT, and

Clodwdhich takes you t AL T T

Able to implement: the requested PLL

Optional Inpucs

KO ko trequenoy: 5.000 Mz =t Create an pllena input to selectively enable the PLL
Operaton hce: Normal

[ Create an ‘areset! input to asynchronously reset the PLL

L] Crets an pfdena’ input ko selectively enable the phaseifrenusncy detector

Lock Output
[JiCreate ‘lacked output
L1 Enable self-reset on loss lock

Eyclone I E

Advanced Parameters
Using these parameters i recommendsd for advanced users only
L] Creaks output file(s) using the Advanced PLL parameters
- Configurations with output clock(s) that use cascade counters are not supported
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MegaWizard Plug-In Manager [page 8 of 14]

On page 8: & AuTPLL
1 change&ti bek diviétioon [ a:
1000; P e o o
T leave all other setti]lwe o] T
T click FINISH, (as the G e o
do not require attent ot e w3 (<2 ) umo
ok phase shit 0.00 v [de0 v 0.00
Clock duty cydle (%) S0.00 v S0.00
Description ek A
Nobe: The dplayed el settings of the |0y Sk VO fraguancy (M) 5
nw::rmmmhmwm ':meMMe' [:5‘.
Megawiurd Plug-In Manager [page 14 of 14]
1 The wizard displays al garu
files it has created:
T click FINISH again. . N — ——
ot oLt
Uﬂ:m m;umm d.nfuumﬁu
Dot estv Vatartssion targiate fia
ot bbr erog HOL black-bo ke
E symbal EI
Quartus generates a syn -
Leearins:
IO C k e d IO O p # 03 cifalterajl.0spliquartusibraries]
T click OK;
9 drag an image of the F
main workspace, and c
|l ease it,; e . . |
1T press escape t 0o pr ev e| cummes
. [ [resert: symbol ac block
stances of the i mage.| ‘o
Co ) Coma )
LigirthaseVYerilog counter
The output clock frequémckefdr o mophé sphaowe hi gh for |
are going to fol-bow ¢coumwiéh, apuBely to | ower that f
The method chosen is to write the code for the court
used equally well .)
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To do t hi s:

f create a new file, and choose a Verilog HDL Desi ¢

f save it as counter. v, (FILE / Save As...) and t he

T type the following code into the main workspace f
/[This counter has a single clock input and an 8 - bit output port

module counter (input clock , output reg [7:0] count_out);
always @ (posedge clock)
begin
count_out <= #1 count_out + 1;
end
endmodule

i save the Verilog file, (FI'LE [/ SAVE) ;
click on FILE / CREATE/ UPDATE / CREATE SYMBOL FI L

T click on the chaser_top.bcidf/mbﬁa'tb:,onDd; then on the

==

T click on the counter symbol, in the Project Libre
B symbol ]
— — = ]
= & Project
counker
£ ool
@ £ cifakeraf13.0spjquartusfibraries]
i
— ok court_out[7. 0] fem
inst
Hame: ;
counter (]
Repeat-insert mode
[[] msert symbol as block
Launch Megawizard Plug-In
[ Vegalvizard Plug In Manager... S

T  click OK, and place the symbol so theé&tout putl!l ot k't

phasleocked | oop;
f Save the project, (FILE / SAVE PROJECT) .

Ligicthaseshi ft register

The next item in the design is the shiMetgarWd gziasrtde rP.|
-in Mana@gkhe .sequence is |like that wused to create t
However , this ti me:

f on page 2a of the wieamord, Copapmd tedradl RMt SHI F@REG
fishiof o the end of the directory name for the file



on page 3,
shown:

make t he

T an -Bi@qéoutput ;

T shift | eft
f a data output

put ;

T a seri al dat a
click NEXT.

=

on page 4:

and a

i nput ;

1 add an asyn &Ghedonnpouds;

T configure
T click FI NI

9 The wizard
of the f il
T Click FI NI

it
SH.

toodeét

then disp

es
SH.

created

MegaWizard Plug-In Manager [page 3 of 6]

'Z) LPM_SHIFTREG
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Currently selected devics famiy: [y clore 1v E
Makch project/defaclt

How wids shoud the '’ cutput bus be? & v bes
ihy do you want the ko shift?

@ Left

O right

Which outputs do you wank {ssbsct 8t least ane)?
[ Data output

[] Serial shift data cutput

Do yous want any optional inputs?

[[] Clock Enable input

[#] Serial shift data input

[] Parabel data input (load)

[comcel ] [[<ock ] [est> [ ensn ]

MegaWizard Plug-In Manager [page 4 of 6]

%) LPM_SHIFTREG
[ [ |
>| Cptional Inputs | >
1 test Do you want amy optional inputs?
B Syncheonons inputs Aynchecnous inputs
e b [ clear [ clear
o7 .0+
?i Load Load
T [ set [ set
Set ol 1's O Setroall1's
setto [0 ] ® setto [1
Resource Usage
e | [Lconcel ][ <gock | [ mest> | [t |

MegaWizard Plug-In Manager [page & of 6]

Z) LPM_SHIFTREG
Turm on the files you wish to generate, A gray chedkmark indicates a fils that is automaticaly
test generated, and & green checkmark indicates an optional File, Click Firish o generate the selactad files.
YT The state of each checkb Hug-In Manager sessions.
k— shiftin shinou |-l T ., LA
o7 o= € Yy
T
g File Description
1 tast.v Varistice Fie
Cltestinc AHDL Inchuds fie
[test.omp VHEL component dedlaration fils
test bt Quartus TI symbol He
[Cltest_inst.v Instarsiation bemplate file
[#] bt _bb.v Weriog HOL black-bo file
Resource Uznge
- :
o | [Cconcel ] [C<teak ]| 1 | 7]
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Quartus generat es EBul 3]
the shift register| wm
ﬂ cl i ck OK : :gSrfaiizafl3.Uspl,iquartusp’l\hranesp’
T drag an i mage of
onto the main wor —
click again to re oo T
1 press escape to g il
further instanceg ™ - :
Repeat-insert mode
[ Insert symbol as black.
Launch Megatiizard Plug-In
1 Megatifizard Plug-In Manager ...
Li gicthasefinishing
touches
Finall y:
make the additions shown in the diagram:
Co clock cournt_out[7..0] = e s
D” inst
Operstion Hocke Nomsi coiter (1 o wa
I IR
f move the symbols into the positions shown;
M rename them insta1l1, i nst2clhndkingt8n égckdouabel i n
1 add two input pins, and change their names to tho
f add an output pin, and name it -betd WwirdeObus Thiso
the LEDSs;
" hover over the output of the counter-chndkdoawi a b
open its properties, and name it counter [8..0];
1 hover over the shift register clock input, add a
select t-ksegmaoadst cant bit (|l owest frequency) of t he
f connect the serial out put of the shift register t
repeats;
1 make the other connections shown.
1 Run téhreal ysi s and 6Ebaborati on
1T Use thien Plédamned | ocate the pins shown to the inpu
connected via FPGA pins on Port C (see the tabl e
T Compile the design.
T Run the programmer and download it to the FPGA.
1T Test the design:
1T press switch SWO0O to set the LEDs to show the bina
1T release the switch to see this pattern shift to t
enter at -hledrieghlt of the LED board.
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Chapter 6: Descriptor | anguages

I ntroduction

I n this section, we |l ook at both Verilog and VHDL.

guage in developing further projects, then it is |

|l earn VHDL or Veril og. Fortunately, Quartus Web Edi

not | imited by the software. So which do you choos:¢

Your choice is |ikely to be dictated by factors ot

aware, there is little difference in terms of perf

is little difference in terms of difficulty in | eal

choice of your company, or the experience of other:

portant.

Hi storically VHDL tends to be the design | anguage

as Verilog tends to be used more in North America.

In the following sections, we include design exampl

study this section for both Verilog and VHDL so t hz¢

guages, to make an informed choice of one | anguage

Verilog design entry

I n this exercise, you replace a schematic design fi

I n outline, you are going to:

1.run Quartus;

2.open an existing project:;

3.create a new Verilog design file and add it to th

4 . remove the schematic design file;

5.compile the design;

6. downl oad the design and test it.

Step 1: run Quartus

I f it's not already running, run Quartus Web Editi

Step 2: open existing project

Open t he Pphree jngut AND whi ch consists of a simple three

You may want to copy the project directory to a ne\

original files

Step 3: create a new Verilog design file

Click *hrutton (or File\New.) then select Verilog F
[

Type (or COPY and PASTE) the code given here ¢d0bat

symbol ) .
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moduTlher ee _I nput AND (Il nput _A, l nput B, Output _A, Ou
/'l decl are inputs and outputs

i npluntput _ A, Il nput _B,;

out Put put _A, Qut put _B, Qut put _Q;

/'l define how the design works

assiOgn put A = Il nput _A;

assiOgn put B = I nput _B;

assiOgn put _Q = I nput A & I nput _B;

endmodul e
Use FILE\SAVE AS to save your new file as Thre

Let's Il ook in some detail at this I|isting.

Notice that Verilog keywords become coloured b
type them i4Velraoweorg dasse ase sensitive.

The first | ine hasmotdhuéloct $ svedi &y keéegwaoamde for
the list of all i nput and output si gralnd,aieared]
|l i sting that describes some hardware. AlIl Ver.i
design i s i nednidcnactdewlyebyr d .h e

The modul e name shoul dematlclentthe ypmajmegt st g e
top (only) file in the project hierarchy. The
not have any spaces or punctwuation, or use & s
derscore character Don't start with a number!
On the next two |lines the input and output sig
guage, and helps the software catch design err
to send output data to a signal that has been
same rules as modul e names. I n this text, wuppe
readability, but remember that Verilog is case
signal l nput _a

The assign statements show how data fl ows thro
of the = sign. Thus, assign OQOutput_A = Input _A
and receives data from, signal I nput _A

The & symbol i ndi cates that siignngals iQuntapl ust |Q pguet
put B together.

The Boolean o®@kEkSasthidovdn by Iimbw.

AND &
OR |
NOT !
XOR ~
XNOR ~ A

Fig. 6.1
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the design However, you may want to rename your eX
it from being overwritten by the one which Quartus
The | ayout of the automatically generated file is s
above, but there are no other differences.

Exercises

Once you have a Verilog design that compiles and do
it

Try altering the behaviour to NAND, XOR, or some ot
Edit your Verilog code, run a full compilation, dov

VHDL design entry

I n this exercise, you replace your existing schemat
equi valent VHDL one.
I n outline, you are going to:

run Quartus,;
open an existing project;

create a new VHDL design file and add it to the |
remove the schematic or Verilog design file;
compil e the design;
downl oad the design and test it.
Step 1: run Quartus
I f it's not already running, run Quartus Web Editio
Step 2: open existing project
Open t he Pphree jnmuc AND whi ch consists of a simple three
may want to copy the project directory to a new | oc

original files.
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Step 3: create a new VHDL design file

Click@rbeutton (or File\New.) then select VHDL. Typ
(but omit the commentésésygimbeh safter the

ENTITY Three_input AND IS

PORT

(
-- declare inputs and outputs
Input_A, Input_B, Input_C: IN BIT;
Output_A, Output_B, Output_C, Output_Q: OUT BIT

END Three_input_AND;

ARCHITECTUREhow _it_works OF Three_input_ AND IS
BEGIN

-- define how the design works

Output_A <= Input_A,;

Output_B <= Input_B,;

Output_C <= Input_C,;

Output_Q <= Input_A AND Input_B AND Input_C;
END how_it_works;

Use File\Save As.to s dhee_inpum AMD.vhde wi i Yeumasfirst folc

Let's examine this |isting.

The first part of the file defines the connections
The woBENTsI,TYIPSOQOR,T NOUTan&NDare VHDL reserved words an
automatically colours them blue. They are given hei

as keywords.

Note that the name of the entity needs to match t he

( Three_input_AND.vhd ). The entity name can be as | ong as vy
any spaces or punctuation, or use & signs, etc. St
underscore character. Don't start with a number!
Ports are defined by giving a |list of porhkr@@dThes, t
then the signal type ( BI'T ). Al this iIs a requir.eé
help the software catch design mistakes. For instart
send data to a signal that has been declared as an
val ue other than " 1°' or " 0'". Ot her data types wild/l
l denti fier names for ports follow the same rules a:
| ower case | etters have been used to help readabil:i

case. Il nput A is the same as I nput _a



1ild s i?/ X |eerocks 2

Note the absence®l o @ansdéimie | ast port definition bef
the presence of one after the closing bracket. You
to get al lcalheensseimm t he right place!

The second part defines the oper AtRCHN TECTOUREE GE bli g n

an&ENDare more VHDL reserved words. The name how_it _
symbol <= ('"gets') shows what is connected to what.
The reserved word OR is used to define an OR functi
NAND , NOR , XOR , XNOR and NOT

To complete step 3, choose a different Boolean func
you can be sure that your new VHDL design really is
programmed into the CPLD device!

Step 4: reorganize the project files

I n order to change Three éenpul ANDibdfn  dlfrew_input_AND.vhd y ou

need to remove the former from the project and add

Use the Settisrbthomssignments/Settings. menu tc
e

di al ogue window. Click the Files category then us
that the only fi | €ree_mput AND.vimr oj ect i s
Note that the Project Navigator window wil/l not upo¢o

the hierarchy after t-lseeec drmei Inerxthasdg erpun

Step 5: Compil e

This uses the same process as bef olhree_inpithABD.asfo mpi | er
still has the pin location information, so you don'
agai n.—

Press @é)utton (Tool s/ Compiler Tool) foll owed by ¢ttt
run a full compil ati on.

I f you have made some mistake entering the VHDL t ex
complete, and some red error messages wil/ be writt
bottom of the Quartus screen. Some description of t
the number of the offend-ichgcki nde lefrpyou meéosuslalge, VY
to the relevant | ine within the text file editor.
Examine the text carefully, looking for the mistake
compil er again.

Enter a deliberate mistake, just to check out this
Step 6: Download and test

Connect the target board to the USB port of the <con
@ button (Tool s/ Programmer) to run the programmer
Tick the Program/ Configure and Verify*q-ﬂheck b o x
button to start programming.
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Mani pul ate switches SW7 and SW5 to check that your
expected.

Aut omatic conversion of schematic to HDL

The Quartus software provides a means of convertint
HDL desi gn.

You can find it under the File/Create/ Update. .. mel
Design File for Current File. This only works if t|
Once you click the option, a further dialogue box |
VHDL or Verilog.

You may choose to return to the BDF file and wuse t|
the design. However, you may want to rename your e:
from being overwritten by the one which Quartus wil
The automatically generated file is slightly diffel
using BIT type signal s, STD _LOGI C type have been i
are used, and these are declared on the first few |
The other difference is that the software has chos:
Apart from changes to the | ayout, there are no ot hi
Exercises

Once you have a VHDL design that compiles and down|
it. Try altering the behaviour to NAND, XOR, or sol
code, run a full compilation, download and test.
Take the code in the example above and start a new
hints and reminders:

Remember that Verilog is case sensitive, (and VHDL
make sure that you are spelling files and decl arat |
Make sure the MODULE/ENTITY decl aration name is t hi
Remember that you can't declare pins before you ha
Summary so far

In this section, you have seen how a High Level De:
designing digital el ectronics systems in a FPGA.
You should now be able to make a choice of studyi n¢
and in the sections that follow we will build on vy
Pl ease note that you should now make a choice of s
future exercises wild.l be given in both | anguages, |
one
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Chapter 7: Behavioural descriptions

I ntroduction

Many syl |l abuses in Digital El ectronics emphasise th
insight into the behaviour of digital <circuits. Whi
excellent representation of the -wavedocimscexpecotle
based circui-t simul ator s, |l i ke Proteus, Tina or Mu |
and can simulate a wider variety of circuits.

The aims of this chapter are:

to introduce you to more complex digital el ectroni
to reinforce your understanding of how these circu

simul ator
to show you how you design these circuits wusing th
| anguages.

An additional aim is to introduce the idea of a ' be
Veril og and VHDL. When defining a circuit, it is po
of the circuit, without having to specify the detai
descriptor | anguages a powerful advantage over sche
complex circuits.

Topics covered in this chapter

On completing this chapter you wil!/ be able to:
draw and simulate basic digital circuits wusing you
i nvestigate the bebhaviplbexef asdeg your simulator;
use behavioural terms in Verilog and VHDL to descr
The new Verilog constructs in this chapter are:

1T al ways

T if ... else

T reg

1 begin ... end

9 The new VHDL constructs in this chapter are:

T WHEN . .. ELSE

1 PROCESS

T I F ... THEN . .. ELSE

What is a behaviour al description of hardware?
Suppose that you want a circuit that allows a signa
i f, a thi@@odntsiigglndl GH. Ot her wi se you want Q to stay
This is a behavioural description of the design: "(C
otherwise it stays LOW ." This kind of | anguage i s
you the effort of working out how to build such a c
A solution to this design problem is a simple AND g
"structural' description of the hardware would be:



i nputs A a
For simple
the struct
behaviour
It i s one
drawing ci

Using a si
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nd Control ".

circuits the behavioural descriptio
ural description. For complicated ci
saves a | ot of time and effort over

of the main reasons for using a hard
rcuit diagr ams.

mul ator to investiagat ewatyh ed ebneuhlatviipol uerx

Run your ¢
The CLOCK

ti mes a se
Make sur e

Veril og an
Behavibhe:
high but t

Verilog ve

CONTROL

U1
> D
U3
CLOCK 22 Q

J—LI' -

Fig. 7.-WwayTwemul tiplexer circuit.
ircuit simulator and enter the desig
should generate a square wave signal
cond.
you understand the operation of this
d VHDL equivalents in the next few s
circuit sends the CLOCK signal to oui
o output Q if it's LOW

rsi onswayf deimulttwiopl exer

"Circui t d
The code b

iagram' ver sion

el ow gives the Verilog equivalent of

module two_way_dmpx (clock, control, P, Q);

input
output

assign
assign
endmodule

clock, control;

P, Q;

P = control & clock;
Q = !control & clock;
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Behavior al ver si on

The equivalent code written in 'behavioral!' | anguagd

module two_way_dmpx (clock, control, P, Q);
input  clock, control;
output P, Q;
reg P, Q;

always @ (control, clock)
if (control == 1)

begin
P =clock; Q =0;
end
else
begin
Q =clock; P =0;
end
endmodule
This '"behavioural' version of the code reflects the
Behaviyoaw:should find that the circuit wild.l send th
CONTROL signal is high but to output Q if it's LOW
I n fact, this description is ambiguous since it doe
doesn't get the CLOCK signal. The assumption is tha
I n Verilog (and VHDL) you have to be specific about
say, "I f the CONTROL is HIGH then the CLOCK signal
otherwise the CLOCK goes to Q (and P goes LOW ) ".
Note the use oégqgualksdoiupheon the sixth Iine of code
that is tested in the if (<condition>) ... &else :
CONTRQ@L gnal is equal to logic 1. Notice that the
bracket s.
Théeganmeénkeywords are required to '"bracket' statem
The €Eonstruct has to bealpWwa@ssd rwictthuirmre.anrhi s structu
designed to deal with sequential |l ogic designs, and
decl are signalrse{(Pr eagnidstQra)s, even though no register
The '"Event Control' l'ist following the always @ key

can affect the outputs.
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VHDL versions owWwayw heermwloti pl exer

Circditmagram version

I n VHDL the "circuit diagram' mode of the design w
ENTITY two_way dmpx IS
PORT
(
control, clock: IN BIT;
P, Q: OUT BIT

)i
END two_way_dmpx;
ARCHITECTUREdata_flow  OF two_way_dmpx IS
BEGIN
P <= control AND clock;
Q <= NOT control AND clock;
END data_flow;

"Behavioral' ver si ons

There are two ways of writing '"behavioral' VHDL coc¢
ENTITY two_way dmpx IS
PORT
(

control, clock: IN BIT;
P, Q: OuUT BIT

)i
END two_way_dmpx;

ARCHITECTUREbehavior_a OF two_way_dmpx IS

BEGIN
P <= clock WHENcontrol = '1' ELSE '0
Q <=clock  WHENcontrol ='0' ELSE 'O
END behavior_a;
The code says that output P gets the clock signal
when control is "0 (LOW)
Notice that you need single quotation marks around
out, the values 1 and 0O would be conhgpelesiegnalos beud
and Q cannot take integer values. VHDL is wvery str
The other point to make is the need for the ELSE cl
assume that output P wildl "naturall vy’ go LOW when t
VHDL, the assumption is that P wil/l stay in its | a:¢
The .. ELSE ' 0'; part of the instruction explicitl)
is no | onger selected.
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The second way in which VHDL can desway bdee munlet ibpelheax
circuit is with an I F construct. The way the | angu:
placed within a structure called a PROCESS . As f at
process'’ is just a chunk of code that can contain

ENTITY two_way dmpx IS
PORT
(
control, clock: IN BIT;
P, Q: OUT BIT

)i
END two_way_dmpx;
ARCHITECTUREbehavior b  OF two_way dmpx IS
BEGIN
PROCESS(control, clock)
BEGIN
IF control ='1'
THEN
P <= clock;
Q<="0%
ELSE
P<="0%
Q <= clock;
END IF ;
END PROCESS;
END behavior_b;

The PROCESS keyword is followed by a I|ist of signal
"sensitivity Iist' must contain all the relevant i
combinational | ogic circuit.

As in the previous design, you have to be explicit
al | condwhatonshould Q do when P has the cl ock, and

|l ndentation of code

It is very good practice to pay attention to the |
you know what you are doing! I ndentation is purely
structure of the design, but try to be consistent
The style adopted in these notes i s:

keywords such as BEGI N , THEN and ELSE get their ¢
the |Iine underneath them is indented (two col umns)
ELSE and the various END Iines are '"outdented' (tv
all other Iines |Iine up with the one above.

Using this schEBbBBbiakl upheertically WIEtGH Nisbeir r esp:¢
equi valent keyword, and instructions are grouped t
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Di fficulties with Quartus

When starting a new Quartus project, with a VH
entity, you may encounter an error message "no
believe this iIis a bug within Quartus.

The solution is either to create temporarily a
your VHDL/Verilog file in a project that has a
cr eat 8dnpua voter project which you can use as a st
see this project in the next section.

Quartus simul at-way demuwodi pl exer

The results of simulating any of the Verilog o
shown bel ow.

Fig. 7. 2: Si mulation result for two_way
To begin with, Q gets the clock signal because
Later, however, when control goes HIGH , P get

At times when they are not receiving the clock
Exercise 1: bawialyd de muwad i pl exer

OK-you've read all about it. Now use Quartus tc
of the five designs giviehoabeos vVEPGA boamwadyhet &
demul tiplexer.

Use one of the buttobbook Babeaswl bckhk Eignal, a
control. Use LEDdD|lomkthe® ISBDWEt he status of ou
Go back to earlier chapters if you need to rem
For the simulation part of the design process,
File) comprises just the c¢clock and control sig
described in previous chapters using the Overw
For the control signaeldiutsien gt hfea swta vselfiodcem t hi s t o

the waveform to move the edges to where you wa
VWF file, and give the file name as the input



