ETH Course 402248-00L: Electronics

for Physicists Il (Digital)
A 1: SetupuCtools, introduction

A2: Solder SMD AVR32 board

A 3: Build application around AVR32
A 4: Design your own PCB schematic
A5: Place and route your PCB

A 6: Start logic design with FPGAs

Kieth. I NNd&dd@z#on to Eagle

Why use Eagle PCB?

This is a CAD package which is available as a free
version for small 2-sided boards (Eagle Light).

Although it may look intimidating at first glance, can
be used to produce quality printed circuit boards
from circuit schematic diagrams.

The website from which this software can be
downloaded (Windows and Linux versions are available)
is www.cadsoft.de
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Printed Circuit Board (PCB) design tools

[ lPros _____ [Cons_____ Cost |

Eagle Free(simple boards) Clunky interface
(cadsof) Easy to learn Limited router
Truly cross platform

Altium Powerful Windowsonly |3k CHF
Or 3004r
ETH

Cadence Reallypowerful Arcane $$$except

(Dunixonly ETH has

license
seats
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Eagle Title Screen

Control Panel

File Options Window Help
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Name % [ [Description [
Libraries Librares

B Design Rules Design Fules

User Language Programs  User Language Programs

& Scripts Script Files
CAM Jobs CAM Processor Jobs
Projects Project Folder

This is the control panel screen
which should appear when the
programme opens.

EAGLE Version 4.091

EAGLE
Easly Applicable Graphical Layout Editor
Version 4.09r1 for Windows
Light Edition

Copyight (<) 1988-2002 CadSolt
Allights reserved warldvide

Single User License #62191E841E-LSR-WL-1EL
FOR EDUCATIONAL USE ONLY!

Registered to:

Freeware license for "non-profit"*
and evaluation purposes. See the
file “freeware.key" or the URL
"www. cadsoft.de/freeware. htm'
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Eagle Control Panel

3 EAGLE
B Design Rules
B User Language Progiams  Uiser Language Programs Easiy Applicable Graphical Layout Edior
B Scipts St Files
|5 o CAM Processor Jobs Version 4.0911 for Windows
Bl Projects Project Folder
Light Edition
Copyright (c) 1388-2002 CadSoft
Allrights reserved worldwide
Directo fy tree. .. Single User License #62191EB41E-LSR-WLIEL
To begin with only focus upon FOR EDUCATIONAL USE ONLY!
the LIBRARIES and PROJECTS
directories Registered o
Freeware license for “nonprofit”
and evaluation purpases. See the.
file "freeware.key" or the URL
", cadsolt delresmware him'”
EAGLE Version 40311 %

Libraries

Control Panel =101 x|
Fie Options Window Help
Name Desciption 2| | |ibraries
E oy = 'E“';'Sfio i The component ibraries subalied with EAGLE have been
& gm::n:. = oo These folders contain the data used to
B G5l @ CMDS LogicDevi JENETAtE the symbols for the diagrams.
Sbatterylbr i They contairschematic pinout datfor
B &buzzer lbr @ SpeakersandBu:  individual components andackage
& Gdilb @ DualinLineSock  layout diagramaised on the pcb layout
& Gdiodebr @ Diodes
Strames lbr @ Frames for Shest .
Gituse.lbr @ Fuses and Fuse H
& Gheatsink br @ Heatsinks
- Gholes lbr @ Mounting Holes at
Sinductors Ibr @ Jgguctors and Fite | in'the file ibrary. txt in the doc directory.
Siumper lor °
& latice.ln @ Latice Progremmg These buttons allow you to select
& Sledibr @ LEDs y
& Blinear lbr @ Linear Devicss and deselect files.
Gimarks b @ Markers for Laﬂ;l
Rl | >
C:APROGRAM FILES\EAGLE-4.03R1\br 4

Libraries- Schematic

o P——— P
b =191
¥ e Gotons yirdow teb
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: Click on a schematic file ] R-EU_ by
s @ b o s o ) RESISTOR, Ewapean symbol
F: Symbol used in schematic
A diagrams
B S -
E CAPACITOR, Ametcan syabol
. FOLARIZED CAPACITOR, Eurcpsan ymbol Iz s
¥ POLARIZED CAPACITOR, American syebel t
P -
| , Lists of types sizes
k ¢ and shapes! Device Package Deacii
' HEU QMY Cooev RESIS
A " BEU WS W5 RESIST
i EE ey ooou7 a7 RESIST
i REU 020710 20770 RESIST
o IBA-TRMM Trimen resistoe 2 RESIST
i $8AUS_ RESISTOR, &merican syl ity Hesed
E0escs_1AR A siechicibe Capator: refiow soldein) ory RESIST
@Iosscs_1aw Aburminum slectiolbic capaciton wave sokdesng eonmy RESIST
Boescs_1R Ahuminum slectiolbe capacitors refiow soldering @7 RESIST
Eoescs_ 1w Abuminum slechohbi capaciors wave sokdeng 0o RESIST
L B135cLLm Abuminum electiolic cepacitors reflow xddnrln e arcie) X
< s
REU_GC\PROGRAM FILES\EAGLE 4.09R1 Vivecl bn 4
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Eagle PCB Libraries

—FrE
FEile Options Window Help
Name T [ [ esciiption |
B Lpraries Libraries
& OB Rules Design Rules EAGLE
B UseNgnguage Programs  User Language Programs Easil Appiicable Graphical Layout Editor
B Seipts Scipt Files
B CaM Job CAM Processor Jobs Version 4,091 for Windows
Projects Project Folder
Light Ediion
. . Coppight (c) 19882002 CadSoft
Click here to dis p |ay Allights reserved worldwide
the LiBrARIES Single User License #62191E841E-LSRWLAEL
FOR EDUCATIONAL USE ONLY!
Registered to:
Fresware licznse for “non proft”
and evaluation purposes. See the
file “freeware.key" or the URL
o cadsof de/reeware. "
EAGLE Version 4,091 v

Libraries example
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Fie Dpsors Window Hel
e I Tousiin. 21| Resistors, Copacitors, Inductors E

8 Moot ® Powriomelers _j Based on the previous Daraes:

& (TR @ e Copocicrs, induices - co o
BICEl it T DS file type containschematic pinout
BECTRMM capacior data
B3cus CAPACITOR. Amerioan sybol
ﬁgtﬁz ey Capoionfues This file type contains standardackage
3¢ layout diagramaised on the pcb layout.
$8cv
;gn Cspacr File content descriptions

LEU
SLus
BBREU_
BIR-TAMM
B2RUS_ RESISTOR. Amescon syembel
Rosscs_wn Abumienam slectiolbic capacio soidenng [esowE———
osscs_1aw Sbaminm sechohc v sckdeing
40350518 Abmirvam electiolic toes seflow soidering Sy mlancy e
fosscs w
oLz b sechoi capocirs el sicering ST R FREHONGS
fhaoaw Abmieam elscticlic capacors mevs sokdeiing
hman Abaminum sechohic copaciors el saiderng g | RECTANGULAR MULTLTURN
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Libraries- Packages

=loix
£ otons \idow e
Click on a package file 0617/22 el
Roaom2y RESISTOR
| By RESISTOR RESISTOR
[ Bo77 RESISTOR piclot
i gi Component Information
gga_ (Reference and dimensions)
EfIIQﬂZ RESISTOR -
030N RESISTOR
041112 RESISTOR
41115 RESISTOR
v RESISTOR
415 RESISTOR
1 v RESISTOR
Bosn? RESISTOR Symbol used in PCB
i e sl (component layout) diagrams
[ Boz RESISTOR
Bov RESISTOR
Beioin O Capacior Type KEMET A €14
Barzngrow Crip Capacion Type KEMET A/ EIA 221618 Wave 30k
orwnaR Crip Capasiton Type KEMET 8 / €14 362621 Rellom
Pl
0617\22@C \PROGRAM FILES\EAGLE 4 03R1 \bruc e 4




Eagle PCB Projects

Control Panel i i

File Options Window Help
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Name 7 [ [ Description |
B Libraries Libraries

Design Rules Design Rules

B User Language Progiams  Uiser Language Programs
Sciipts Scipt Files

E1CAM Jobs CAM Processor Jobs

Bl Projects Project Folder

EAGLE
Easiy Applicable Graphical Layout Editor
Version 4.0911 for Windows
Light Edition
Copyright (c) 1988-2002 CadSoft

Alltights reserved worldwide

Single User License #62131E841E-LSR-WL-1EL
FOR EDUCATIONAL USE ONLY!

Click here to display

the prosecTs

Registered to:

Freeware license for “non-profit'*
and evaluation purposes. See the
file "freeware. key" of the LURL
"y, cadsoft de/freeware. bt

EAGLE Version 4.09r1 4
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Schematics

i .
Els £t Diaw Yew look Lbvay obors Mindow Heb The schematic
e@8F sV Jw 2y aQaQ& - - TR 7 window allows the
design of circuits like

o BETECIN =1 this flipflop using
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~ PCB templates from boards
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The colour scheme can be
customised and layers
removed so that the track
layer can be printed directly
onto a transparency to
produce a master for photo
etching

T2

1arlzeld

Text placed on the
goz2idz2y t1@
automatically reversed
for printing

Spegr ey
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Projects

Control Panel
File Options Window Help

The Projects folders are where you
place your work.

Name

| Desciiption When creating a design there are

Libraries
Design Rules
User Language Programs
Scripts
CAM Jobs
& Projects

_Jexamples

B ‘_JPakuranga Projects

=8 &5 F

[ The Flasherl.sch

Fle £ Diow You Iock Liiwy Qplons Wrdow Heb
cE8Z(t wxrAaa’E

B The Flasher.brd

Libraries two main types of file which are

Design Rules generated by the programme
User Language Prc N . "
Sciipt Files .sch(Circuit schematic designs)

CAM Processor Jot L and.brd (pcb layout boards)
Project Folder
Examples F;

Boards
=L This is a board
cel? produced from the
previous schematic.
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/PROGRAM FILES/EAGLE-4.09R1;

The software
automatically
generated the
symbols and pathway
from the schematic.

All positioning,
track widths and
pad sizes can be
changed by the
user.

ojects/Pakuranga Projects/Flasher;

ile Edit Draw w Tools Library Options Window Help
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First Steps with Eagle PCB?

This is the second presentation and will show
you how to produce a simple circuit
schematic diagram using this software.

ontrol Panel

Options Window Help

‘| Name % I IDescliplion | Empty Project
| ©-Libvaries Libraries Use the context menu to create new schematic of board
Design Fiules Design Files files within this project.
] User Language Programs User Language Pmularps . .
| @ Seipts seitfies  Clicking new project opens a
| g‘,‘o"gg"‘ g new folder in the projects
Clevamples FuonplesFor  SECLION. .
8 FLASYSP EmpyPopet  YOU May want to rename the project at
Rl o oy poe LIS POINL
|_JPakuranga Projects
[#@Pak_Col NCET  ©
fmUs1ee o Emply Ngiect
@ o
;g\lf:;izgiLARM N The green button shows that this is the
L currently selected project

B 1 Schematic - C:/PROGRAM FILES/EABLE-4 09R1/projects/New Pioiect_(/uniilled sch ~ M=lEY.

FEile Edit Draw View Tools Library Options Window Help

laaaaal< On this screen

IU&EQ:FBW—;I\’M
JET

Tl f you create the
. circuit schematic
(ST diagram. . . ..
€3 P
£ : Thefile and viewing toolglre along the top
x & \ Theselection and editingools are here

Thedrawing toolsare here.
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o Roll the cursor over the icons to see the function labels. A
‘=d gﬂef desciption of each function will appear here.
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Creating a Project

i trol Panel (6 -10f x|
[ Eie. Options Window Help
en > Schemalic EAGLE
Save Board g2 Progiams Easil Applicable Graphical Layout Edtor
Befresh Tree Library.
e I Version 4031 for Windows
e
Est T Light Ediion
Scipt Copyiight (c) 1988-2002 CadSoft
Ten Alighs reserved workdvide

Run the Eagle program, when the

control panel window appears click on
File > New > Project

Save all

Refresh Tree

les
LClose project N Dces.xnlJnhg
Esit M e Next click on

|_JPakuranga

m.E@apal Call NOET

ntrol Panel 2

File Options Window Help

nguage Programs

SaFLasHER | seip File > New > Schematic

Text rroiect
TOECts

a

Ot AO| 2y &b RRé (2

A0
A
45ux
battery
buzzer
dil
diode
frames
fuse
heatsink.
holes
inductors

POLEU
@ CPOLUS
>4
@y

CMOS Logic Devices, 4000 Series
41xx Series Devices
CMOS Logic Devices, 4500 Series
Lithium Batteries and NC Accus
Speakers and Buzzers
Dual In Line Sockets
Diodes
¢cKSy OtAOl 2y
component library.

4 ND T iz 21

Inductors and Fiers

Jumpers

Lattice Programmable Devices

LEDs

Linear Devices

Potentiometers

Riesistors, Capacitors, Inductors
CAPACITOR, European symbol

Trimm capacitor

CAPACITOR, American symbol
POLARIZED CAPACITOR, European syn
POLARIZED CAPACITOR, American sy
X CAPACITOR

¥ CAPACITOR
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jame [ Desciption Al
led LEDs
linear Linear Devices
pot Potentiometers
el . - L "
CEU Click to open this component library
@CTAMM  (resistors european)
&CcUs
@ CPOLEU e e o -
@ CPOLUS POLARIZED CAPACITOR, American sy | I
= Double Click to select this component (1/2 watt
B EL resistor 9mm long 10mm spacing)
& LE . -
& INDUCTOR, American symbol
B-REU_ RESISTOR, European symbol
R-EU_0204/2v 0204y >NA[VIE
0204/5
020477 >VALUE
0207/
& 0207/5¢
& 0207/7
& 0207/10
R 020712
REU_0309/12 0309/12 This Sym_bOI will appear o,n the L
R-EU_0309 0309 schematic screen. Place it by clicking the
REU_0411/3V o1y mouse.
R-EU_0411/12 041112
R-EU_0411/15 0411115
REU_0414/5V 414y 1

=181 x|
FEile Edit Draw View Tools Librap Options Window Help
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A

ABSV
R1 —
—1 %¥=

Move the components around the screen Using this(move) key.
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You can edit the labels here
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When you have a complete circuit SAVE it!
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1 1 Schematic - C:/PRDGR FILESIEAGLE-LGQFH /umieclzw_Pmizcl_lIutillemh
| File Edit Diaw View Iools Library Options Window Help
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0.1 inch (0.407) | || I

RNAME
>VALUE

This is what thf screen should look like (you may have to zoom in to
get it this size!)

Having placed the first component you need to get a few m@iéck
on the add icon each time to open the library and choose
a few more. . .try finding a 9V battery and an led.

The delete icon is here if you need to remove objects.
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~ Creating a Project 10
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start, change direction and double click (or esc) to finish a connection.

End of presentation 2

The next presentation shows you how to create and edit a pcb board from the
circuit shown in this presentation.
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from:

http://www.pakuranga.school.nz/depart/electronics/eaglepcb



Making library components
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contributed libraries L
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items are interesting to us:
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atmel-avr32-michel.lbr
AVR32 library for UG3A, UC3B, UC3C and UC3L devices.
Uploaded by Wichel Catudal from Catudal Software .
uKe
(62 Kb) 1311.2010 10670 downloads
atmel-avr32.lbr
AT32UC3A0128/0256/0512 and AT32UC3A1512/1256/1128. Corrected footprints for
LQFP144.
Lke 0

Uploaded by Bob Starr from RTZ Audio

(31Kb) 25.10.2010 50416 downloads

[ LdziAa2yyY &2dz 3S0 6KI

Each library contains three types of elements

1. Symbols Theseare the symbols that show up on a
schematic. An inverter symbaé an example.

i Clickthe Symbol tool(from the top menu) and choose 7404
to see the inverter symbol.

2. PackagesThese are the package outlines that will be used
to make a PCB. A Jin DIL (Dual Hine packagey an
example.

l Clickthe Package toolnd select DIL14 to see the DIL14
package.

3. Devices Devices are groups of symbols that exist in a
package.For example a 7404 hex inverter is an examftle.
consists of six inverters, power and ground pins and
contains a link to several packages including pibDIL
package.

1 Clickthe Device tooland select 7404 to see the 7404 hex
inverter package.
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This is the 8 presentation and will show you
how to make a new library component
It follows from the excellent Eagle tutorial at
http://myhome.spu.edu/bolding/EE4211/EagleTutor
ial4.htm
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A Open an existing library

Making symbol from scratcl@izmogate

1. Make new library
2. Create new symbol giving name
3. Draw the symbol, using Text tool for

text

1. Put>NAMEon Nameslayer using
Change tool selecting layer, and
choosingNamesand then clicking on
>NAME.

2. Do same forVALUBbUt put onValues
layer.

3. They should turn gray.
4. These will be filled in in your design


http://myhome.spu.edu/bolding/EE4211/EagleTutorial4.htm
http://myhome.spu.edu/bolding/EE4211/EagleTutorial4.htm

