ETH Course 402-0248-00L: Electronics

for Physicists Il (Digital)

e 1: Setup uC tools, introduction

e 2: Solder SMD AVR32 board

 3: Build application around AVR32
* 4: Design your own PCB schematic

* 5: Place and route your PCB. Fabricate your
PCB at a production house

e 6: Start logic design with FPGAs

Eagle
(cadsoft)

Altium

Cadence

Free (simple boards)
Easy to learn
Truly cross platform

Clunky interface
Limited router

Powerful Windows only

Arcane
(Nunix only

Really powerful

Printed Circuit Board (PCB) design tools

| lPros ______ JCons _____ Cost |

Free for
limited
version.
345 EUR for
full version
if student.

3k CHF
Or 300/yr
ETH

SSS except
ETH has

license
seats
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Keith Barret’s introduction to Eagle

1 2 Schematic - C:/PROGRAM FILES/EAGLE-4.09R1/projects/Pakuranga Piojects
le Edit Draw View Tools Library Options Window Help
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EAGLE Light

EAGLE Standard

EAGLE Hobbyist

EAGLE Professional

Eagle costs

(1 schematic sheet, 2

signal layers, 100x80mm
routing area)

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

(99 schematic sheets, 6
signal layers, 160x100mm
routing area; for
individual, non
commercial use only)
(999 schematic sheets, 16

signal layers, 4m x 4m
routing area)

Free for Educational
purpose

http://www.cadsoftusa.co

m/shop/pricing/

http://www.cadsoftusa.co

m/shop/pricing/

http://www.cadsoftusa.co

m/shop/pricing/

Control Panel

EaI_TitIe Screen

File Options ‘Window Help

2 | Name

I l Description r

B Libraries
B Design Rules

B-Scripts
CAM Jobs
(- Projects

EAGLE Yersion 4.09r1

User Language Programs ~ User Language Programs

This is the control panel screen
which should appear when the

programme opens.

Libraries
Design Rules

Script Files
C&M Processor Jobs
Project Folder

EAGLE

Easily Applicable Graphical Layout Editor

Wersion 4.09r1 for Windows

Light Edition

Copyright [c] 1988-2002 CadSoft
All rights reserved worldwide

Single User License #62131E841E-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
", cadsoft. de/freeware.htm'
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Eagl_ontrol Panel

Control Panel
File Options Window Help

I l Description

- Libraries ) Libraries EAGLE
y y ules Design Rules

G

B
E- User Language Programs ~ User Language Programs Easily Applicable Graphical Layout Editor
# | B Scripts Script Files
LB
G

CaM Processor Jobs Version 4.09r1 for Windows
H- Projects Project Folder

Light Edition

Copyright [c) 1988-2002 CadSoft
All rights reserved worldwide

DlreCtory tree. . . Single User License H62191E841E-LSRWL-TEL
To begin with only focus upon FERERUEATIONAL HREONKY
the LIBRARIES and PROJECTS

directories Registered to:

Freeware license for "'non-profit"’
and evaluation purposes. See the
file "freeware.key" or the URL
", cadsoft. de/freeware.htm'

EAGLE Version 4.09r1

EaI_PCB Libraries

File Options Window Help

I I Description r
Libraries E AGLE

Design Rules
User Language Programs Easily Applicable Graphical Layout Editor

Script Files
CaM Processor Jobs Wersion 4.09r1 for Windows

@ Projects Project Folder

Light Edition

Copyright [c] 1988-2002 CadSoft

CI |Ck h ere tO d |S play All rights reserved worldwide

the LiBRAREES Single User License #62191E841E-LSR-WL-TEL
FOR EDUCATIONAL USE ONLY!

Registered to:

Freeware license for "non-profit"
and evaluation purposes. See the
file "freeware.key'" or the URL
", cadsoft. de/freeware.htm'

EAGLE Yersion 4.09r1




Libraries

Control Panel s : =18l x]
File Options Window Help
Name | Description - I Lib
B e o Ei:;;geio el The component libraries supplied with EAGLE have been
-§/41xx:|br ‘m_ These folders contain the data used to
"Qﬁmm @ CMOS LogicDevi | SENErate the symbols for the diagrams.
@ batterylbr " == They contain schematic pinout data for
&buzzer lbr @ SpeakersandBu:  individual components and package
B & dil lbr ® DualinLine Sock  layout diagrams used on the pcb layout
@ & diode. Ibr @ Diodes
- & frames. Ibr @ Frames for Sheet |
&riuse.lbr @ Fuses and Fuse H
- & heatsink. Ibr @ Heatsinks
- & holes.Ibr @ Mounting Holes al
- &finductors.lbr @ ctors and Filte in the file library._txt in the doc directory.
&jumper.Ibr @ Jumper
= £ Laltics Eiggroomy These buttons allow you to select
& &led Ibr @ LEDs .
E- &linear.lbr @ Linear Devices and de-select files.
| &imarks.lbr @ Markers for Layou ¥
4 »
C:A\PROGRAM FILESA\EAGLE-4.09R1\lbr 7

CAPROGRAM FILESA\EAGLE-4.09R14brircl.lbr
N T

Control Panel =13l x|
File Options Window Help
Name | ] Description ;] Resi c : Ind, it
B marks.Ibr @ Markers for Layout Outline Definition 7 ?
gpol.lbr @ Fotentiometers _J Based on the previous libararies:
=) @ Resistors, Capacitors, Inductors ¢ et
33cEU This file type contains schematic pinout _|
§§C-TR]MM Trimm capacitor ) data
ooCUS CAPACITOR, American symbol
B8CPOLE POLARIZED CAPACITOR, Europeal —1 .« _ ¢ -
- §§CPUL-US POLARIZED E‘APACITIJR,Ame:car This file type contains standard paCkage
330 X CAPACITOR layout diagrams used on the pcb layout.
E+{ng Y CAPACITOR
3BEL File content descriptions
$3LEU
33108
$BREU_
$3R-TRIMM
~33RUS_ RESISTOR, American symbol
fﬁ‘;’USSCS_‘IAH Aluminum electrolytic capacitorggfMow soldering R s
#29085C5_1aw Aluminum electrolytic capacifs wave soldering
#9085C5_1R Aluminum electrolytic c: itors reflow soldering for trimmer refence_ i .
- $9085C5_1w Aluminum electrolytic capacitors wave soldering i elechiospec-ing com/cross references/timpotc
139CLL-2R Aluminum electrolytic capacitors reflow soldering TRIM-POT CROSS REFERENCE
#21390LL-2w Aluminum electrolytic capacitors wave soldering
#49139CLL-3R Aluminum electrolytic capacitors reflow soldering = RECTANGULAR MULTLTURN
i : _'I—I i i
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Libraries - Schematic

Jaan 24 oaoor o i

= Control Panel =10l x|
L File Options Window Help
Ir — T z'
ry H i~ fi —_— rcl.lbr
| Click on a schematic file P R-EU_
1€ &= INear. on w Linear vevices
; & marks. lbr @ Markars far | anant Niine Nsfinition RESISTOR, European symbol
d Symbol used in schematic
! : diagrams
3 CEU
C-TRIMM —
f B3cUs CAPACITOR, American symbol
A -R3cPOLEU POLARIZED CAPACITOR, European symbol 1
o H JCPOL-US POLARIZED CAPACITOR, American symbol t
i * o .
. ¥ Lists of types sizes
T t and sha pes | Device Package Descri
u I R-EU 0204/2v 0204 RESIST
.p 5 I B-EU 0204/5 0204/5 RESIST
L E -EU_0204/7 0204/7 RESIST
i€ 1 R-EU 0207410 0207410 RESIST
m i st REU 0207712 0207112 RESIST
4 ) DBSCE 14R :IESI'STDHI’ Ai“el"::_an symb'?l fl Ideri BLEL o722 U215, HEStS
m DBSCS_1 & A|LII'I’I!I"Il,Il"ﬂ elec voly fC CEDEC! ors reflow SDId e{lng B-EU 0207/2 0207/2¢ RESIST
_ 14 um!num el eclroytfc capac!tors wave sol enr\g R-EU 0207/5¢ 0207/5v RESIST
429 085C5_1R Alum!num elecnolylfc capac!lovs reflow soldev.lng R-EU 0207/7 020777 RESIST
: fied 085CS_1w Aluminum electrolytic capacitors wave soldering B-EU 0309/10 030910 RESIST
| .- #4139CLL2R Aluminum electrolytic capacitors reflow soldeviTq _[LI F1NAnasA 2 nanani LIS
4 > 4 >
R-EU_@®C:\PROGRAM FILESA\EAGLE-4.09R14br\rcllbr 7
Libraries - Packages
Control Panel =10ix
 File Options Window Help
Click on a package file | 0617/22 il
| = 0207/2v RESISTOR
; {4 0207/5v RESISTOR RESISTOR
@g_zum RESISTOR / type 0617, grid 22.5 mm
| &%Jo Component Information
%02 (Reference and dimensions)
0:
4 0309/12 RESISTOR "P
£ 0309 RESISTOR J
W 041112 RESISTOR
40411415 RESISTOR
Gea11Y RESISTOR
. hedW4/15 RESISTOR /
G 1 4y RESISTOR
_ {01717 RESISTOR Symbol used in PCB
i RESISTOR .
i #0617 topitat (component layout) diagrams
| $ie 0922722 RESISTOR
90922y RESISTOR
mA/321 B-18R Chip Capacitor Type KEMET 4 / El&
WABN B-18W Chip Capacitor Type KEMET 4 / EI4 3216-18 Wave solc
WB/%ZB»ZW Chip Capacitor Type KEMET B / EI4 3528-21 Reflow j’ﬂ
4| | »
0617522@C:A\PROGRAM FILESA\EAGLE-4.09R 1\brircl lbr 7
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Eagle PCB Projects

Control Panel
File Options “Window Help

Name I I Description

- Libraries Libraries
H- Design Rules Design Rules
1) User Language Programs  User Language Programs
- Seripts Script Files
- CAM Jobs CaM Processor Jobs
| Projects Project Folder

EAGLE

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

Copyright [c) 1988-2002 CadSoft
All rights reserved worldwide

Single User License #62131E841E-LSR-WL-1EL

FOR EDUCATIONAL USE ONLY!

Click here to display
the proJECTS

EAGLE Version 4.09r1

Registered to:

Freeware license for "'non-profit"’
and evaluation purposes. See the
file "freeware.key" or the URL
", cadsoft. de/freeware.htm'

Projects

Contiol Panel The Projects folders are where you

File Options Window Help

i | Name l l Description
‘Libraries Libraries
-' Design Rules Design Rules
B User Language Programs User Language Prc
: ‘Scripts Script Files
- CaM Jobs CaM Processor Job
8- Projects Project Folder
|__lexamples Examples F

Pakuranga Projects

: @ The Flasherl.sch

place your work.

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

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

2] M FILES =ojxi .
File Edit Draw View Tools Library Options Window Help The schematic
le@af & w(=waaaa@o @i window allows the
design of circuits like
——|01inch(0134)] | =] this flip-flop using
i®
i NCET Electronics - The Flasher =l standard component
& 22 symbols
E3 P
'
AN
&

3

£
2

B+ J BONNG e X\
W FORC AL+

From this point the
pcb can be created on
the “board” screen

IO
Ll o
] /
| ~ (1 Boar /PRI LE-4. =18 x] .
File Edit Draw View Tools Libray Options Window Help This is a board
[reaf(3|wzx/aqaaaa>~[@B[2 | produced from the

| previous schematic. .

0.05inch(0151.60) | |

9 EON\

i
)
d
N
::3
=

@ ® =

-

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

All positioning,
track widths and
pad sizes can be
changed by the
user.
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1 2 Schematic - C:/PROGRAM FILES/EAGLE-4.09R1/projects/Pakuranga Projects?Flasher?The FIasherissch

[Q@{Q@[“ ﬂ[@ﬁ{? v 1.0 December 2002

by Keith Barrett - Pakuranga College, Auckland, New Zealand electronics@pakuranga.school.nz

!

le Edit Draw Yiew Tools Library Options Window Help
EE&GZ 5[ o w2
P
P AR
b
P
2~
$
j >
% =
— >
Y T — g
D ) (& e B
d T
= |
i3

390R

100uF

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.
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Creating a Project

Control Panel i =lofx({
] @ Options  Window Help F
BEl Y Schematic EAGLE
Save al B
s Board age Programs Easily Applicable Graphical Layout Editor
Refresh Tree Library
o CAM Job jssor Jobs WYersion 4.09r1 for Windows
— Her
Exit Alt+X ULP Light Edition
St Copyright (c) 1968-2002 CadSoft
Text All rights reserved worldwide

Run the Eagle program, when the
control panel window appears click on
File > New > Project

Control Panel o [

" File Dptions Window Help

1 Name X I IDescription J Empty Project

+| & Libraries Libraries Use the context menu to create new schematic or board
| @ Design Rules Design Rules files within this project.

.| B User Language Programs User Language Ploaran_'ns . .

| B-Seipts saintfies  Clicking new project opens a
A EeE M doks =% new folder in the projects

.| B Projects

& examples Examples Folder section.

i FLAS WA o EmptyProject  YOU may want to rename the project at
: this point.

: v_Project @ Empty Project
"_JPakuranga Projects

() Pak_Col NCET ©

#aus18242 ° Empty Ngiect
& i us18243 9

E-@#@YEAR JALARM  ©

The green button shows that this is the
currently selected project

3/14/2014
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Control Panel

‘[ File Options Window Help

Project htioh

Open

Save all

Refresh Tree

locessor Jobs

Close project CAhh* :
it AKX e Next click on

]2 New_Projec Text rroiect

I ‘| _]Pakuranga Frojects
M. @apal Call NCET 2

"L@FLASHEH ;Clipt Flle > NeW > SChematIC

:o‘“ il s you greate the .
. circuit schematic
1 2% diagram. . . ..
E3

t The file and viewing tools dre along the top

4} The selection and editing tools are here

NS B XN

B
&
t/ T
3 2 2 Roll the cursor over the icons to see the function labels. A
] QQef desciption of each function will appear here.
B
. Qg{

The drawing tools are here.

s

N\

3/14/2014
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File Edit Draw View I_ools

/1 Schematic - C:/PROGRA S
1 Next click on "add” to open the I|brary window.

edaf (s

R R

EEE Eﬂﬁ

3 < 0.1 inch (1. :19] I Name ° | Description el
g0 40z CMOS Logic Devices, 4000 Series
W i H- 410 41xx Series Devices
%% 453w CMOS Logic Devices, 4500 Series
- battery Lithium Batteries and NC Accus
i + buzzer Speakers and Buzzers
R dil Dual In Line Sockets
£ diode Diodes
[ ; :i:es Then click on “rcl” to open this
2z T heatsink component library.
& hales _
inductors Inductors and Filters
ﬂ: 23 jumper Jumpers
7 33 i lattice Lattice Programmable Devices
led LEDs
/T lin Linear Devices
O] Potentiometers
&= ‘ CAPACITDR European symbol
e | C TRIMM Trimm capacitor
RS C-Us CAPACITOR, American symbol
-CPOL-EU POLARIZED CAPACITOR, European syn
-CPOL-US POLARIZED CAPACITOR, American sy
X X CAPACITOR
LY Y CAPACITOR
_ | Mame I Description :J
led LEDs
linear Linear Devices
pot Potenliometers
el )
CEU Click to open this component library
C-TRIMM (resistors- european)
C-Us
CPOL-EU e e e sy
CPOL-US POLARIZED I:APACITDH American sym | I
g Double Click to select this component (1/2 watt
EL- resistor 9mm long 10mm spacing)
E-LE e
INDUCTOR, &merican symbol
B-R-EU_ RESISTOR, European symbol
R-EU_D204/2v 0204V >NAM E
R-EU_0204/5 0204/5
- 0204/7 >VALUE
0207/2v
0207/5v
0207/7
0207410
0207412
020715
§h- 0303/10 ; :
REU 0303/12 e This symbol will appear on the
s R-EL_0309A/ 0309y schematic screen. Place it by clicking the
R-EU_0411/3v 0411 mouse.
R-EU_0411412 0411412
R-EU_0411/15 0411415
R-EU_0414/5v 0414y ]

3/14/2014
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E 1 Schematic - C:/PROGRAM FILES/EAGLE-4.09R 1/projects/New_Project 1Zuntitled sch
File Edit Draw Wiew Tools Library Options ‘Window Help

cHaE s dwzwaaqaaa@o~[@82
RN Rl Y

G @ |Mlichi0407) | |l | |

ol =%

b SNAME
¢

. >VALUE
ZR- This is what the ficreen should look like (you may have to zoom in to
bl get it this size!)
o &) ) ' .
733 Having placed the first component you need to get a few more. Click
/T on the add icon each time to open the library and choose
o o) a few more. . .try finding a 9V battery and an led.
Ed The delete icon is here if you need to remove objects.
[
b mEC +
03

2 1 Schematic - C:/PROGRAM FILESIEAGE-4.0SRllproie:lsINewProie_cl_é‘l'ﬁ@?@ 18 x|
File Edit Draw ‘iew Tools Library Options Window Help

le@af| s =w aaQa®-= (@82

| (Fm e m [EE

3 @ |0lieh0202) | | [

™ i

G1
g e +
S
5%
x ABOV
R1 AV A=
- e

Move the components around the screen using this (move) key.

-

El

You can edit the labels here

o BONN S &

i

3/14/2014
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Creating a Project 10

i

0.1 inch (0.1 06) | ]I

o
# 2BR|E O

NE B XN
8

l@Fleoi]
EFLS &

DATI

o ifa] 5

ABY9V

R1 o

— ¥

LED1

+
390R

“Wire” the components together using this key. click the mouse to
start, change direction and double click (or esc) to finish a connection.

Creating a PrOJect 11

SESEY I
o

PR TG e i

S+ BONME &z X\
Au B O (8E

st i

O

DA

AB9V
R1

+
390R

Place “junctions” where wires meet the components.

¥

LED1

When you have a complete circuit SAVE it!

3/14/2014
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Making library components

File Edit Drav ns Window Help
ZHES U BWAAAAG o~ DE 7 0,
Ii= 0.tinch(0.92.0) | i
|| -
\

>VALUE

>NAME

- Package Variant "
B DIL16 ] ¥
5016 50 N
Technologies |
75300 [ New ] Comnect
DEVICE
[ Pref ] Jrc
Rl —— = 7

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

3/14/2014
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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:

[y FRVEVERXVE N WO UUW oD

atmel-avr32-michel.lbr

AVR32 library for UC3A, UC3B, UC3C and UC3L devices.

Uploaded by Michel Catudal from Catudal Software 0
LIKE

(62 Kb) 13.11.2010 10670 downloads

atmel-avr32.lbr
AT32UC3A0128/0256/0512 and AT32UC3A1512/1256/1128. Corrected footprints for

LQFP144.
Uploaded by Bob Starr from RTZ Audio LIKE 0

(31 Kb) 235.10.2010 50416 downloads

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

What’s in a library?

* Open an existing library

! Control Panel - C\Program FIIES Immﬂ—!!!msmjaﬁewjmject LE@Q
File | View Options Window Help
Mew 4 ttion i | mic-Servo-
—l 1R R A
board. lbr
= Open * | & Project » T CAP
Open recent projects [
Schematic...
Save all Board...
Close project ety
Exit Alt+X CAM Job... B o
> ] bronze_v2 e YLP..
4 '3 copper =i Script..
B copperbrd -
B coppersch et
Copper_Q5... —
> ] libusb.org

4 {3 mic-servo-board
» | datasheets
4 [ mic-servo-... °

16



1.

2.

Each library contains three types of elements:

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| :D'I
to see the inverter symbol.
Packages - These are the package outlines that will be used §E
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
package. ﬁﬁﬂ
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 o0
:D:Ol

inverter package.

Making symbol from scratch: Gizmogate

Make new library
Create new symbol li}_' giving name
Draw the symbol, using Text tool for

text | T}
1.

Put >SNAME on Names layer using
Change tool |£_| 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.
These will be filled in in your design

3/14/2014
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4. Use the pin style to select the

. Now add input and output _I
pin using Pin tool —
. Use Change tool to select

direction of pin

. Name the pin with Name tool

>NAME

style, etc. F |

. Save the library

GI2M0
SUAL UE

To copy a symbol from a library

. In the existing library, use Edit
Symbol tool to choose the part | >
L

. Make all layers visible with Layers
button and selecting All

. Make a group with the Group tool
by dragging around everything

. Select Cut to copy to clipboard

. Open your library and make your i
new part. Paste the copy using £
Paste tool. —_
y2

. Change as you like using Change
tool

3/14/2014
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Making a package from scratch

1. Select Package, enter name DIL-8 | ﬁﬁ
2. Select Grid tool and select grid 0.025 with i

-----
-----

multipleof2  ZZZ

3. For through hole parts, you need holes in
right place and large enough! (Common
error, holes too small!) Use the Hole tool,

place pads CCW from bottom left.
4. For SMD, use the SMD Pad tool - |
5. Draw the outline on layer tPlace. ”

Place >NAME and >VALUE on part

1. Put >NAME on tName layer
2. Put >VALUE on tValue layer

3. Add pin 1&38 labels B >N_FEF’IE
You’re done with DIL-8 part. Save |JiRddm=e]=

your library

3/14/2014
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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.

2. Add N copies of symbol, depending
on number of gates in device.

W |

3. Change names using Names tool. —1

3/14/2014
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ETH Course 402-0248-00L: Electronics
for Physicists Il (Digital)

e 1: Setup uC tools, introduction

e 2: Solder SMD AVR32 board

 3: Build application around AVR32
* 4: Design your own PCB schematic

* 5: Place and route your PCB. Fabricate your
PCB at a production house

e 6: Start logic design with FPGAs

12 Schematic - C:/PROGRAM FILES/EAGLE-4.09R1/projects/Pakuranga PiojectsZFlasherZThe Flasherissch

le Edit Draw View Tools Library Opti

Window Help

|

o :.[QQR@[ ) o [@ g [ ? v 1.0 December 2002

Loy

™ -

s 4y 2 B

N = e e

=Ha =51 -] w

% P ©

ERR - I S

Auw B O |EEE

P

by Keith Barrett - Pakuranga College, Auckland, New Zealand electronics@pakuranga.school.nz

I
il *
o w
_— ]
- O) o
T — ) i
(0 B
@ |
T BC

3/14/2014
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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.

) Loading the Schematic
| Conolpanel ———
@Qplions Window ‘ﬂelp

New 12 Description I

Run the Eagle program,
examples » h th t | |
Save sl S L when the control pane

 Refiesh Tree Board.. window appears click on
Close project _ Library... Pak_CofMCET File > Open >Pr0jeCt
Exit Alex CaM Job... Pakurandk Projects  »
SAFLASHER | ULP.. Us1824 .. then find the project
Fallew Proes)  Seit.. g8 folder containing your
H o YEAR SBLARM .
BPah = schematic.

#Us18243
SAYEAR 9 ALARM

You can double click here or here to open the folder. Both actions will load the file for

[ <l the schematic (and board file if you have already created one)
CAPROC
o

3/14/2014
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Edt Draw View Tools Library Options Window Help

:GULP:

w0 O loaded select
» File > Switch to board

Save |l

Print setup... >
Print...

i — When the schematic has

pnse: ol lulelalo s |
Evpoils The software will then check to see if a board file exists to go
Script... with schematic. If it does it will load the file, otherwise it will
Bun... offer to create one automatically.
LClose
Exit
| / TII [k} T e I- = .,I 1‘ ;( 1 | - I
(8RSl  Warning e T x|
: E & The board C:\PROGRAM FILESAEAGLE-4.09R14projects’New_Project_14easy example 1.brd does not exist.
. ggj Create from schematic?
< select yes — No
1‘] B rd w1 L % L ] 2 ¥ NE [ e
| | //,I
‘= 1 Board - C:/PROGRAM FILES/EAGLE-4.09R1/projects/New_Projec ampls ..]vl:l.l‘z]

E This is the component layout generated by the program.

("] . .
U= components & “wires” Board working area

\

~|o05inch 2% -0.05) | |

i &
i

Use the move tool to drag each
* component onto this area — (this is
what will print)

2 04 _ﬁm TERRY

Ll

N\
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Components can be
rotated as well as
repositioned

[
i

[}
i

\J

™

3 + click on the centre of the symbol to
i P [Roae rotate by 90°

Xﬁ\\
# 7

m

O
& £ oz
2 s

/ : 7 A
‘/) .I. &
/T
> g
o Ed
. o\
S &
P
o S
i a
The next stage is to create the tracks using “autoroute”
Clicking here generates an options menu. . .
G [ Autorouter Setup i il x|
s General l Busses I Route l Optimize1 l Optimize2 I Optimize3 I Optimized |
gt — Preferred Directions
£ Routing Grid [50 mil
oa liool ) | o Via Shape l Round L]
v 16 Bottom | - % \
} e If you are only using single-sided pcbs
E z then set the top layer to N/A
O m | .
] ... then click OK
e
Q
xl—%- Load... I Save as... |
o &
®

oK Select | Cancel I

3/14/2014
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Autoroute then turns the “wires” into track pathways. . .

&
1T 04§
v A
A% —
AT =
(ORS] <
@ d o
- T
&
X &
oS
O]
O ER |
E3 .
o |+_ . To change the track width,
il Layer...
* \m" T select  change > width
X 3 .
w2 sfy'e > oom .. .then select the dimension (these are in inches
= o9 > o2 — units can be set in mm)
Font 3 |T, 0.016
tT & Ratio.. 0.024 point at the track and right click.
7 7 Text 0.032
", " Roundness... 0.04
/1 Diameter > 0.05
O - Drill > 0.056
] ‘ Shape 3
e " Pour >
& Rank >
:’C g ISpacing...
solate...
@ € Thermals >
_® Orphans >
Class >

I
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3/14/2014

To add text select the text tool

enter text in the box and

x| place on the diagram
Enter text:

0OK I Cancel | /

fivotio d3d yM,

BON

LI

Text is automatically inverted if the “bottom
layer” is chosen

®

Choose the layers to print select View > Display/hide

= 1 Board - C:/PROGRAM FI =5 -cAGLE-4.09R1/proje]
File Edit Draw | View 4%ols Library Options Window Hel|

Grid... @

Display/hide layers...

—omne 2

I = Show

L R Info

3% Redraw F2
E3 _i_\ Zoom to fit Alt+F2
.2 Zoom in F3
# N Zoom out F4
x i Zoom select
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Layers:

2907 t5top
3053 bStop
3 @ tCream
328 bCream
3307 tFinish
341 bFinish
35/ tGlue
365 bGlue
-

"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

fivotio d3d yM,

| OIImno

http://www.pakuranga.school.nz/depart/electronics/eaglepcb
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3/14/2014

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

e 1: Setup uC tools, introduction

e 2: Solder SMD AVR32 board

 3: Build application around AVR32
* 4: Design your own PCB schematic

* 5: Place and route your PCB. Fabricate your
PCB at a production house

e 6: Start logic design with FPGAs

How do you get your PCB fabricated?

1. Have your own PCB router/driller machine.

— Starts with blank PCB covered with metal, mills
away all metal and places plugs for vias.

2. Or, send your board design away for
fabrication

28



Example of having board fabricated

You need to know
1. Board dimensions in mm x mm
2. Number of layers

3. Basic rules such as min track width and spacing,
minimum hole size

& C fi [ www.beta-layoutcom
Zdig Eca €y viki [JGoogle @ docs % music Fytrans ) edoz P contacts @ HTV s ebank [ PO &F news EJact g+ B/ Flsch QT

(%] This page is in | German + | Would you like to translate it? | Translate |  Nope | | Always transiate German |

create : electronics

\SER-STENCIL

PEB NN pangL-pony

Beta LAYOUT

http://www.pcb-pool.com/ppuk/order productconfiguration js.html

“ou are here: Order | PCBs

PCB CONFIGURATION

Other specifications? Change to the HTML version
1. Layer count [?] 1 @) 2 @ 4 @ 6
2. Quantity 1
3. Dimensions [?] Length in mm: Width in mm:
4. Base material [?] Please choose Layer count first!
5. Soldermask [?] Flease choose Layer count first!
6. Silkscreen [7] Flease choose Layer count first!
7. Surface [?] Flease choose Layer count first!

8. Layout specifications Flease choose Layer count first!

[z1
9. Overdelivery [?] Flease choose Layer count first!
10. Magic PCB [?] Please choose Layer count first!
11. E Test [?] Please choose Layer count first!
12. Delivery time in WD Flease choose Layer count first!
13. File format: [?] ~ Please choose - [

14. Proiect name:

3/14/2014
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http://www.pcb-pool.com/ppuk/order_productconfiguration_js.html

PCB CONFIGURATION

Other specifications?

1. Layer count [?] o1

@ 4

=]

. Quantity |

3. Dimensions [?] Length in mm: 100 Width in mm: |100

4. Base material [7] FR4, 35pmCu, 1,6mm

FR4, 35pmCu, 1,0mm

(5]

. Soldermask [?]

2 ves no

(=]

. Silkscreen [?] @ ves, only top

() ves, top and bottom

L

~

. Surface [?]

=]

. Layout specifications

Min. track / gap size:
[71

== 0.125mm (5mil)
== 0.150mm (6mil)

Min. drill-end diameter:
F == 0.2mm (8mil)
== 0.3mm (12mil)

9. Overdelivery [?] “1yes, if available @ no

RFID chip and win a Reader/Writer-kit!

4 yes, only bottom

) ENIG (Electroless Nickel Gold) for ultra-flat pads
(") HAL (Hot Air Leveling - lead-free and RoHs compliant)

Change to the HTML version

“ yes, if available as Magic-PCB® - with free embedded

16. Assembly [?]

4 PCBs to be assembled
SMT components per PCE [7]
THT components per FCB [7]

Component assembly
single sided
double sided

Components [?]

@  will be provided by me

will be partial provided by me, the rest need to be
ordered *

need to be ordered for me *

The companents will be ordered according to the supplier
order numbers you have specified. We will bill yeu at the
supplier’s current list price (without markup).

PCB assembly delivery time
12 [+ |working days after completion of PCB production and
receipt of the components ordered for you or
provided by you

PCB assembly price
167.79 EUR excluding component costs

17. FITS-or-NOT number [?]

A small hint: Instead of using the mouse to change between fields, you can fill out the form
faster using the tabulator and the arrow keys.

Your PCB
Required number: a
Net Gross ... into the
EUR EUR shopping basket
Price per piece 36.18 44,50
Total order value 144.71 178.00 .. price

comparison

v

pnn|°

on your first PCB order
using the PCB-POOL® Button

Now calculate your board price and
assembly costs quickly and securely
DIRECTLY from Eagle (Version 5.10 or
higher). Download Here:

PCB-POOL® Button installation guide:
PDF guide (181 KB)

Download PCB-POOL® Butten (V1.08) automatic
installation file (for WinXP/WinVista/Win7)
PCB-POO TTON (approx. 700 kb)

Download manual installation zip file (\1.09)
(for all supported operating systems):
PCB-POC UTTON (approx. 150 kb)

3/14/2014
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Ball Grid Array (BGA)

BGA

Bonding wire

Solder balls

Interposer

You can solder
these parts using
a reflow oven

WCSP (wafer scale) FBGA (fine pitch)

PBGA (plastic BGA)

Soldering BGA yourself in reflow oven

Apply thin layer of flux (not solder paste) to board.
Carefully place BGA part using your alignment marks (drawn on metal,
not silkscreen!).
Reflow part in oven.
Visually check from all sides with microscope.
Alignment mark Pads

3/14/2014
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Reflow oven

* Applies temperature profile to slowly heat
parts to avoid stress and allow volatile gases
to escape, activates flux, then reflows solder

* Hint: Use gold finish on pads if you ever want
to rework boards because gold does not
oxidize

Beta Layout reflow oven plus controller
200 EUR — oven plus controller.

3/14/2014
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