ETH Course 402-0248-00L: Electronics
for Physicists Il (Digital)

¢ 1: Setup uC tools, introduction
 2:Solder SMD AVR32 board

¢ 3: Build application around AVR32
¢ 4: Design your own PCB schematic
* 5: Place and route your PCB

¢ 6: Start logic design with FPGAs

Keith Barret’s introduction 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  lCons ___ Cost |
Eagle Free (simple boards) Clunky interface Free for
(cadsoft) Easy to learn Limited router limited
Truly cross platform version.
345 EUR for
full version
if student.
Altium Powerful Windows only 3k CHF
Or 300/yr
ETH
Cadence  Really powerful Arcane $SS except
()unix only ETH has
license
seats
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Eagle costs

(1 schematic sheet, 2
signal layers, 100x80mm
routing area)

EAGLE Standard (99 schematic sheets, 6
signal layers, 160x100mm
routing area)

EAGLE Hobbyist (99 schematic sheets, 6
signal layers, 160x100mm
routing area; for
individual, non
commercial use only)
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Eagle Title Screen

File Options Window Help

BT EEE—— R

Name T [ [ Deseription [
& Libraties Librares EAGLE
Design Files Design Rules
User Language Piogiams  User Language Progiams Easily Applicable Graphical Lapout Editor
Seripts Seript Files
CAM Jobs it Processar b Versian 4,091 far Windaws
B-Projects Ficisct Folder

This is the control panel screen
which should appear when the

Light Edition

Copyiicht [c) 19882002 CadSoft
Al ights reserved worlduide

programme opens.

Single: User License #62131EBHE-LSR-WLAEL

FOR EDUCATIONAL USE ONLYY

EAGLE Version 4.09r1

Fregistered to:
Fieeware license for "nonprofit”
and evaluation purposes. See the
flle “freeware. key" o the UPL
o cadsoft deheenare. Hr"

Eagle Control Panel

Control Panel o =100 %]

File Options Window Help

| pE— [ [pescription [
Bl Libiaties Librares
"Tﬂamgm%s Desin Fiules EAGLE
- User Language Programs  User Language Programs Easily Applicable Graphical Lapout Editor
B Seipts Serip Files
CAM Processor Jobs Versian 4,09r1 for Windaws
Frojests Project Folder

Light Ediion

Copyright (c) 1988:2002 CadSoft
All ights reserved worldwide

Directory tree. . .
To begin with only focus upon
the LIBRARIES and PROJECTS

Single User License #62131E841E-LSR-WLAEL
FOR EDUCATIONAL USE ONLY!

directories Regalaiedlo
Freeware license for “non-profit*
and evaluation purposes. See the
file “freeware key" or the URL
. cadsoft dedfreeware htm'
EAGLE Version 4.03r1 4

Eagle PCB Libraries

Flle Options Window Help

[Coor ol

Name [ [ Description |
Libraries
Design Rules
nguage Progiams  User Language Pregrams
St Files

CaM Processor Jobs

B Projects Project Folder

Click here to display

EAGLE

Easily Applicable Graphical Layout Editer
Version 4.09r1 for Windows
Light Edition

Copyiicht [c) 19882002 CadSoft
Al fights reserved worldwide

the LiBrARIES

Sinale User License #62151EB41E-LSR-WL1EL

FOR EDUCATIOMAL USE ONLY!

EABLE Version 4.081

Fiegistered to:
Fresware ficense for "noprofit”
and evaluation purposes. See the
file: “freeware.key" o the URL
v cadsoft de/freeware. '

Libraries

File Dptions Window Help

| Name T Description A1 Libraries
7 e 2 E‘a’;’:i Dot |1 The comeonent brriessupold nith EABLE have besn
Q’Lﬂmlk:' ‘ﬁ; These folders contain the data used to
welbr o e N
B 5l @ CMOS Logic Devi | BENETtE the symbols for the diagrams.
Bbatterylor me== They contain schematic pinout data for
- & buzzer It @ Speskers andBu:  individual components and package
& il ® DuallnLine Sack  layout diagrams used on the pcb layout
- & diode.lbr @ Diodss
hames lbr @ Frames for Sheet._
Htuse lbr @ Fuses and Fuse H
- & heatsink.lbr @ Heatsinks
& hales.lbr @ Mounting Heles a1
- Brincuctors br @ Jggluctors and Filie i the file library. twt in the doc directory.
Hjurnper. lbr @ Jumper
@ 3
g:‘i:"che e % t;tgce Progrsmm: These buttons allow you to select
lectIbr N N
Hrirearlor @ Linear Devices and de-select files.
5 marks. br @ Markers for Layou ™
1 | &
C:\PROGRAM FILES\EABLE -4 09RTbr 7

Libraries - example

| cowdrees il
e Qoo rdom L300

=

i T [.lm T | [y ——— z
0 perte I —— B [
7 [T e -

TICE < ———etnimmmmmmsn This file type contains schematic pinout

BEC thaam Toaas capaches data

Bfcus CAPALYT O, American syt

fioouu POLARCID CAPACITON, uscpas
Frae.

This file type contains standard package
layout diagrams used on the pcb layout.

in e e e
. e

i sischokéi capachon iekows kerrg
N siscohs capacion e wkierg
BB B shectichhe Sapachas whor Lidberg
= (]

TIHM-POT D055 AEFOIENCE
EECT AL AR M T
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LESNEAGLE
—

Libraries - Schematic

e Qowors Winke Hob

' Click on a schematic file

JE— d

R-EU_
B e e e P Pk
Symbol used in schematic
diagrams

NESISTON, Foropean bl

—

CAPACITON. Amescan smbol
POLARCED CAPACIION, Eupsen smbol FALUE [}
POLARTED CAPACITON, st an estiel [

: Lists of types sizes
1 and shapes!

L

"

]

Tomen swsisior
FESISTOR, o an bl

Abrra slecioie eapaciin sl skdeng
Al slecholdic CApacin mave sokdemng
AR s b G443 1o sk
ki siectchlic Ao mive ikdeng
L ﬂh‘-v-'nh(dl\.\miu)ld\u-w'.ﬂwvl\;
Ll

ALELL_BCAPRIOGAAM FLES\EAGLE A 051 o s i
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Libraries - Packages

Click on a package file

7 LS
Component Information
@ (Reference and dimensions)
20,

2o
Bo

Symbol used in PCB
(component layout) diagrams

O6Y I PROGRAM AILESALAGLE 4 (0T el by

0617/22 i

MESISTON

e 17, gl 22 6w

Eagle PCB Projects

Control Panel IE

File Options Window Help

=101

Name | [escription |
Libraries Librares EAGLE
Dessign Rules Design Files

User Language Programs  User Language Frogiams Easiy &ppiicable Graphical Lapout Editor
Serpts Serip Files

CAM Jobs CAM Processor Jobs Version 4.09r1 for Windows

Frojects Pigject Folder

Light Ediion

Copyright (c) 1988:2002 CadSoft
All ights reserved worldwide

Single User License #62131E841E-LSR-WLAEL
FOR EDUCATIONAL USE ONLY!

Click here to display
the proJecTs

Registered 1o
Freeware lisense for "non-proit”
and evaluation purposes. See the
file “freemare key'" o the URL
. cadsoft defreewate him"

EAGLE Version 4.09r1 A

Projects

Control Panel

File Options Window Help

Mame " | |Descriplion

Libraries Libraries

&3 Design Fules Design Rules
-User Language Programs
-Scripts Script Files

Bl Frojects
[_Jexamples
B _APakuanga Projects

Project Folder
Ewamples Fy

B The Flasher brd
[ The Flasher sch

User Language Prc

CAM Jobs CAM Processor Job

The Projects folders are where you
place your work.

When creating a design there are
two main types of file which are
generated by the programme

.sch (Circuit schematic designs)
L and .brd (pcb layout boards)

Schematics

T aimixi .

Bt E& Diom Yeom Jooh Ltsay [oiirs sk Liro The schematic
edS8F a[n]wrr QA -~ - S0|7 window allows the
design of circuits like

= 0 echia) 34 | ~=| this flip-flop using
- NCET it =l standard component
e 1R symbols

o

e
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-]

i

FERE From this point the
s T

on pcb can be created on
md the “board” screen
)

a ] _lJ

| fo L G Yo Dok Llowy Code iediom o
CUaFE w Y AnaRE Shi?

This is a board
produced from the
previous schematic. .

Tomwnmsiem | [

-
=R

oEXNDE
e rrd

SBI-HANT

cemON AN

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

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

PCB templates from boards
Tools L\bra_ly thions Window Help

w[zxaaaadm

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

o8]

j1881[ |

|

1arlze

Text placed on the
“bottom layer” is
automatically reversed
for printing

SRERE 2l
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o Eh Dion Yo Iook Livay sl Wewow fs First Steps with Eagle PCB?
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This is the second presentation and will show

o[£
S

f: by Keith Barrett - Pakuranga College, Auckland, New Zealand electronics@pakuranga.school.nz you hOW tO prOduce a Slmple CIrCUIt
E l schematic diagram using this software.
%
g
1.
x =
b 4 ——
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T e
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Creating a Project | = =IE
. File Options Window Help
ETTE— o i | p——
* [ e Dptions Window Help :
! | B Libraries Lbrajos Use the context menu to create new schematic or board
i m—l 1 Design Riules Design Riules files within this project.
|4 pen A et L, EAGLE ) Usa.v Language Programs User Language Pmular.ns i .
) Board e Frogams Easi dpplcable Graphical Lapout Ediar 1 gmtjb gmt;"es Clicking new _pI'O]eCt opens a
Befiesh Tiee s ; e =" new folder in the projects
Elrepropet EAD S:rmnhs e AT s I :fe_cjaxamples Examp\asu F:\[ﬂel SeCtiOn
Eat kel T Liht Edion Emply Project You may want to rename the project at
Soipt Copyricht (c) 1988-2002 CadSeft Emply Project his point.
Tent Al tights reserved worldwide
_1 Fal_Col NCET  ©
Run the Eagle program, when the EaUsTae o EnpyNgot
i i Us18243 a .
control panel window appears click on ) The green button shows that this is the

B YEAR SALARM currently selected project

File > New > Project

J/PROGARAM FILES/EARLE-4.09R 1

Bde B Diaw Meew Jocks Ltesy Uplors Wrdew Help

Hl  Contiol Panel = ﬂéi gl H On this screen

- | File Qptions Window _Help mwml | you create the

4
: I S .
> S circuit schematic
L T diagram. . . ..
Fules m thi
i e along the top

nguage Programs it The file and viewing tools
iles w A \ The selection and editing tools are here

nressnrnhs L EE

Next click on |

Céibd J
Exit Ak ULP e
; = i i 7
GaFLesHER | seint File > New > Schematic - /
F,_Ile”‘_r T @ Roll the cursor over the icons to see the function labels. A
|_IPakuranga FraEcs

-md nef desciption of each function will appear here.

: |
M. @@ Pal Call MCET a Uy ome
L «t .I'

=]

| funtitled sch

Project

Save all
BRefresh Tree

LClose project The drawing tools are here.
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9‘ iﬂ M \’5"' Iﬂl | Next cllck on “add” to open the library window. . [Meme T [ Bescrichion 4]
& e LEDy
[ Linses Dievices
Bl pat Poberfmeton
fmiaos = _ - - -
o - B CEY Click to open this component library
B CTRAIMNM i -
MO Logi: Dievices, 4000 Senes s cus (resistors- european)
A S Dievices [
EMOS Linge: D, 45080 S rems POLMAZED CAPACITOR, Amasean s L |
Withiumn D aitesiss and NC Acci : .
e = =it Dm_JbIe Click to select this com.ponent (1/2 watt
+ Dudlin Lire Sockety resistor 9mm long 10mm spacing)
i o 1 e e VU OH, Ao b
1 faseas Then click on “rcl” to open this otk ittt g
kd Q & hoe com ¢ lib BESISTOR, Ewngesn ksl =MNAME
B3 B hectsrk ponent library. m
&l holes _ L L =
?f- @ B dutons rhations and Fitere il >VALUE
5 B jumger dumgers -
F i il Lt Laltem Pregp arrenalie Dmvecns ﬂ:nm
B e LEDs o
7T o} Lines Devices e
0N B Poirnfometers s
| I fsiton, Caackon, tducton L e This symbol will appear on the
@ Ciu CAPACITOR, Euopsan yymbel REU_EENZ e N 0 .
= e | B CTRIMM Trimm ¢ spaciton i AEU_030AA [ schematic screen. Place it by clicking the
- ®Cus CAPACITOR, Amencan symbol AU OHR. mouse.
& CPOLEY FUOLARIZED CARACITOR, Euopean i REU_bmnz oz
@ | @ cPOLLS POLARGED CAPACITOR. Amencan syr Reu b tuires .
o * CAPATITOR
Bov ¥ CAPACITOR

z : =lolx
. Elaianwrwloouwwnnmwm
-@oa 7 le@@Ef s Jwi=aaaad-~ @7
[FE @& [EE
01 meh@anr | J o) G Il =
e G1 -
RNAME X - + 4
5 =11l |1|1f=>—
£ %
This is what  the ficreen should look like (you may have to zoom in to 2o
get it this size!) ]
Having placed the first component you need to get a few more. Click Fi f 7o)
on the add icon each time to open the library and choose T S
a few more. . .try finding a 9V battery and an led. 0N Move the components around the screen using this (move) key.
The delete icon is here if you need to remove objects. md You can edit the labels here
TR
{ -
I
. A

Creating a Project 10 Creating a PrOJect 11

i::lIT_n — EI‘E DATI .
o =] =] ‘ o}
N | ABOV % ABYV

& — i o
2 R1 % o 5 L

s i 4 390R

“Wire” the components together using this key. click the mouse to Place “junctions” where wires meet the components.

start, change direction and double click (or esc) to finish a connection. When you have a complete circuit SAVE it!
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End of presentation 2

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

The circuit schematic can be downloaded as “easy example 1.sch”
from:

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

Making library components

geooooee
-4-0--4-4--1

This is the 3" 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

Atmel hosts a massive number of user-
contributed libraries

¢ For example, if you search at cadsoft for
“atmel” the first items are interesting to us:

atmel-avr32-michal.lbr
AVRIZ librar
Unioaded

atmel-avriZ.lbr

ATIHUCIAD 2BA0266/0512 and ATI2UCIAI512/1256/1128. Corrected footprints for
LOFP144

Uploaded by Bob Starr from RTZ Audio

Caution: you get what you pay for....

What’s in a library?

New » ficn | f—
(A1
RACA boardr
& Open b Projen v T P
Open recent projects .
- Lot Sehernatic_
Sarve all [ = T
Close project & Lbary.
Fait AlteX | CAM Jeb.. B @
B — .
2 bronzev? = owe
4 4 copper = serpe
B coppeched -
) et
Eal copperseh 0
B Copper 0.
) libuskarg
4 3 mic-serve-boaed
1 datasheets
+ [0 micserve..

Each library contains three types of elements:

1. Symbols - These are the symbols that show up on a
schematic. An inverter symbol is an example.

—  Click the Symbol tool (from the top menu) and choose 7404 ﬂl
to see the inverter symbol.

2. Packages - These are the package outlines that will be used
to make a PCB. A 14-pin DIL (Dual In-Line package) is an
example.

—  Click the Package tool and select DIL14 to see the DIL14 I
package. sﬁ:‘

3. Devices - Devices are groups of symbols that exist in a
package. For example a 7404 hex inverter is an example. It
consists of six inverters, power and ground pins and
contains a link to several packages including a 14-pin DIL
package.

—  Click the Device tool and select 7404 to see the 7404 hex [
inverter package. :Dnl
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Making symbol from scratch: Gizmogate

1. Make new library
2. Create new symbol |i}_| giving name

3. Draw the symbol, using Text tool for

text [T

1. Put >NAME on Names layer using
Change tool L{'_i selecting layer, and
choosing Names and then clicking on
>NAME.

2. Do same for >VALUE but put on Values
layer.

3. They should turn gray.

4. These will be filled in in your design

1. Now add input and output

5. Save the library

pin using Pin tool

2. Use Change tool to select

direction of pin

3. Name the pin with Name tool
4. Use the pin style to select the

style, etc. F

To copy a symbol from a library

1. Inthe existing library, use Edit
Symbol tool to choose the part |i}_|

2. Make all layers visible with Layers i
button andyselecting All Y ![
3. Make a group with the Group tool [s-=s
by dragging around everything __|
4, Select Cut to copy to clipboard __!
5. Open your library and make your
new part. Paste the copy using il
Paste tool.

6. Change as you like using Change
tool L‘f‘_i

Making a package from scratch

1. Select Package, enter name DIL-8 | ﬂ'ﬁ'!

2. Select Grid tool and select grid 0.025 with

multiple of 2

3. For through hole parts, you need holes in ‘I

right place and large enough! (Common
error, holes too small!) Use the Hole tool,

place pads CCW from bottom left.
-II

4. For SMD, use the SMD Pad tool
5. Draw the outline on layer tPlace. ‘l

Place >NAME and >VALUE on part

1. Put >NAME on tName layer
2. Put >VALUE on tValue layer
3. Add pin 1&8 labels

You’re done with DIL-8 part. Save
your library

Putting symbols and packages together

The final task in making a part is to create

a device that has information on how symbols
are placed inside of a package. For many
devices, there will be only one

symbol. However, many devices contain
multiple symbols, as well as hidden power pins.




1. Make a new device with the Device %%
button. Enter the name. —L
2. Add N copies of symbol, depending
on number of gates in device. pal
3. Change names using Names tool. o L

Making Eagle PCBs?

This is the 4t presentation and will show you
how to produce a simple, single layer printed
circuit board from a circuit schematic diagram
using this software.

The circuit schematic for this project can be downloaded as “easy example 1.sch”
from: http://www.pakuranga.school.nz/depart/electronics/eaglepcb

| al 1 /PHUGHAM FILES/EAGLE -4 09R1 fpsoioctsHiw_Project_1 foass =100 x|

T gl Yow Lok Lbray Gpien Wil _
~d Ju ~a.2.\Vhen the schematic has
& G loaded select
Save ol

File > Switch to board

sllllllLllllll.:si. I

Evport. The software will then check to see if a board file exists to go
Seigh with schematic. If it does it will load the file, otherwise it will
Fue. offer to create one automatically.

Pt satugs

'/TI[ g 4 M J
(SR * Waming |
a5 N The besrd T LESAEAGLE. " _Prowct_1

iy
.- Cinste from sehamate ?

@ select yes — | T|I o

= = —
i

e 1,bed doed ot esiit

AJBRISBS e st

2 Suhumals - U /PHUEHAM FILES/EAGLE -4.UR 1 /mojects/Fak anga Fropects/Flasks 1 F
i B Diaw Y Took Lbvay Uplors Wadew Help
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— Loading the Schmatic

| e Qotions Wirdow Mol

[ 2 o | Run the Eagle program,
enrgles 3

Save o = e w_hen the control pgnel
Behesh Tiee fowd window appears click on
Chowo pecfect Ly Pl Col File > Open >Project

Est ARl CAMJob Palasargs v : i

B MFLSHER | ULR., UstEz2 . then find the project

o e o i folder containing your

- Tes., YEAR S ALARM .

& B Pak_CANET schematic.

B EusIEe + Empty Progect

B Emuse23 '

& JYEAR 9 ALARM

You can double click here or here to open the folder. Both actions will load the file for
Lel___ the schematic (and board file if you have already created one)

CAPROL
M

= 1 Board - C:/PROGRAM FILES/EAGLE-4.09R1/projects/New_Project eas) (=] 3]
E This is the component layout generated by the program. &

U™ components & “wires” Board working area — 1

==
m

0.05 neh (255 048] | | ﬂ |

™
R ©

..'--.,. Use the move tool to drag each
component onto this area — (this is

what will print)
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Components can be W11
rotated as well as ] ry :
repositioned / + click on the centre of the symbol to
& rotate by 90°
£ %
X &
e &%
&
N 1T o4
F A
LS Tom)
— !
+ s T
o < | G
=d
' o - 1
7 F
.y o e o
@
* . \
The next stage is to create the tracks using “autoroute”
Autoroute then turns the “wires” into track pathways. . .
=
1L ed
7oA / \
i —+
e 1 E>
o0 L D
B d @ |
L T
- (v
3
o S
o |

To add text select the text tool

-

m
]
d
L I

Text is automatically inverted
layer” is chosen

(1]

Entes tent:

if the “bottom

enter text in the box and
place on the diagram

k-
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COMO N~ XD DR XN,
-

TAX
o &

Pectemed Diections
170 |! -
16 Battom =

Clicking here generates an options menu. . .

Geoesdl | Busses | Roue | Opiimizel | Opsimize? | Opimiced | Opimized. |

Flouting Grd [ 50

ViaShape | Flound

If you are only using single-sided pcbs

then set the top laye
... then click OK

m
|

rto N/A

Lusd I S 4z I

|

seeet | Cace |

e ) To change the track width,

e ‘Sﬁ;—' = " select change > width
E 2 oo Y .. then select the dimension (these are in inches
N e b — units can be set in mm)
2 Font * v 0016
T & Rato point at the track and right click.
7 s Tew
[, % Roundness.
/1 Diameter »
O~ Dl »
Bm g Sheos »
@~ Pou »
> Rank »
k- Spacing
S
[ »
LA »

Class »

-

File Edit Draw | Wiew

‘z 1 Board - C:/PROGRAM FIl E5/EAGLE-4.09R1/proje

Bols  Librarny Options Window Hel

E

0.05 inc L
LS Shaw
{.‘.‘T Info
%2 Bedraw F2
i _|‘_\ Zoom ta fit AlF2
T Zoom jn F3
b Zoom out F4
: :‘} Zoom select
B2

Choose the layers to print select View > Display/hide
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I Here you can select
what appears on
screen and the

printer. (blue = selected /
white = deselected)

Click on the numbers to turn
on/off. Click on the colour to edit
the colour scheme

For most single sided pcbs
everything should be off except
layers 16,17 (tracks & pads) 45
(drill holes)

Save and print your board.

End of presentation 3

fivonio A3d yM,

E ]

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