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* Mechanically supports and electrically connects electronic
components using conductive tracks, pads and other features
et%hed from coper sheets laminated onto a non-conductive
substrate.

* Two purposes:

* A place to mount the component

* Provides the means of electrical connection between the
components

e PCBs can be

 Single sided (one copper layer)
* Double sided (two copper layers)
* Multi-layer



PCB Terminology — Component
Packages

* Through-hole o
* Soldered to the opposite side of the board &

* SMD/SMT (surface mount device/technology)
Soldered in the same side of the board

Can be mounted on both sides of the PCB

Smaller than the thru-hole type-smaller & denser PCB
Some common form factors

e 0805 (means 0.08”x0.05”) ‘ :
@ e

* 1206
1210

http://www.pcb.electrosoft-engineering.com/04-articles-custom-system-design-and-pcb/01-printed-circuit-board-concepts/printed-circuit-board-pcb-concepts.html 4
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PCB Terminology

e Pad: a small surface of copper where component will
be soldered to the board

* Via: plated hole that allows the current to pass thru the
board

* Track (trace): conductive path connecting 2 points
(pads, vias)

» Soldermask: a layer of insulating lacquer covering both
surfaces of the board to prevent the solder to short-
circuit two tracks from different nets.

* Silkscreen (overlay): letters printed on the final board,
e.g., solder mask



PCB Terminology

SMD pads
Thru-hole pads

Silkscreen

Copper tracks
Soldermask (stop mask)

Via

Thru-hole (full stack) via

1-2 blind via

2-3 buried via

http://www.pcb.electrosoft-engineering.com/04-articles-custom-system-design-and-pcb/01-printed-circuit-board-concepts/printed-circuit-board-pcbh-concepts.html 6
http://en.wikipedia.org/wiki/Via_(electronics)
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What is EAGLE?

* Easily Applicable Graphical Layout Editor
e Easy to use CAD tool for designing PCBs
e CadSoft

* Consist of three main modules:
* Schematic editor
* Layout editor
* Autorouter

* |t runs under Windows, Linux, and MacOSX
* [t comes with an extensive library of components



Three Versions

* EAGLE light
* Limitations:
* 1 schematic sheets;
* 2signal layers (top & bottom)
* 100x80mm routing area

* |t can be used for free

* EAGLE standard
* 99 schematic sheets
* 4signal layers
* 160x100mmrouting area

* EAGLE Professional: full featured version
* Up to 1600x1600mm
* Up to 16 routing layer
* Up to 999 sheets per schematic



Download and Installation

e Current edition: 7.1.0
e http://www.cadsoftusa.com/download-eagle/

* Professional version ( 6.5.0) available in the Senior
Design Lab

e Contact John Jacksha (J.J.)

e 7.1 and 6.5 may have compatibility issues
* Begin with 6.5 light version and use Pro version in lab

* Begin with 7.1 light version and order your standard or
professional version
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Installing Optional Libraries

e SparkFun library
e contains footprints for many common devices
* helps narrow the choices
* https://github.com/sparkfun/SparkFun-Eagle-Libraries

* C:\Program Files (x86)\EAGLE-6.5.0\Ibr

e Adafruit
e http://github.com/adafruit/Adafruit-Eagle-Library
* C:\Program Files (x86)\EAGLE-6.5.0\Ibr

 Component order
e http://www.digikey.com
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EAGLE User Interface — Control

Panel

Menu bar

File manager

Status line

? i Control Panel - C:\Users\Feng\Documents\eagle\play - EAGLE 6.5.0 Professional — 5 n
File View Options Window Help
Name : Description EAGLE Board
[> Libraries Libraries Cc
[> Design Rules Design Rules
> User Language Programs User Language Progr.. n 5 p
[> Scripts Script Files 1 -
> CAM Jobs CAM Processor Jobs T 6\ 12 D
4 Projects c 4 o \ N
4 = eagle re]
Flasher a A2
play @
4 =y examples Examples Folder

[ elektro

Itspice o

4 {3 tutorial
bus.sch
demo1.sch
Ed demo2.brd
demo2.sch

arduino ° Arduino Mega 2560 ...
Examples Folder for ...
hexapod @ Hexapod Example Pr..

singlesided o Example Project for ...
Example Files for the ...

|E demo3.brd

demo3.sch
Bl hexapodu.brd
|4 hexapodu.ctl

C\Program Files (x86)\EAGLE-6.5.0\projects\examples\tutorial\demo3.brd

Size: 1.812 x 0.876 inch

Information window:
display what is selected in
file manager

Date: 4/13/2012 6:02:.00 AM Size: 57.2 kB
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Example Project:
LED Flasher Using 555 Timer
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Creating and Naming a New Project

* File->New->Project (you can name the folder as flasher)

4 Control Panel - C:\Users\Feng\Documents\eagle\play - EAGLE 6.5.0 Professional — O -
File | View Options Window Help |
New ' & Project
Z Open 3
. ]  Schematic
Open recent projects ’
B Board -
Save all Library
Clrfnse project 22 CAM Job bs
Exit Alt+X
a7 eagle & uLp |
|E8 play ® = Script |
> |1 examples 7 Text
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Creating a New Schematic

* Right click folder “flasher”->New->Schematic

f Control Panel - C:\Users\Feng\Documents\eagle\flasher - EAGLE 6.5.0 Professional

File View Options Window Help
Name . Description
» Libraries Libraries
> Design Rules Design Rules
> User Language Programs User Language Progr...
> Scripts Script Files
> CAM Jobs CAM Processor Jobs
4 Projects
4 4 eagle
. ; Close Project E EmpivEioiEat
> [ ex| New 4 Schematic | |yor
Rename Board
Copy Library
Delete CAM Job
Edit Description
ULP
Use all Script
Use none Text
Search in folder
Folder
Project

|

Empty Project

Use the context menu to create new schematic or board files within this project.

4 Control Panel - C:\Users\Feng\Documents\eagle\flasher - EAGLE 6.5.0 Professional =]
z .
Name Description Empty Project
> Libraries Libraries Use the context menu to create new schematic or board files within this project.

> Design Rules
> User Language Programs
» Scripts
» CAM Jobs
4 Projects
4 (3 eagle
@ flasher
» @ play
» [ examples

Design Rules

User Language Progr...
Script Files

CAM Processor Jobs

T |
™ [ 1 Schematic - C:\Users\Feng\Documents\eagle\flas.. — O n |

Exar | File Edit Draw View Tools

= = =

i

Sheets

5 x| [0.1inch (1.14.1) | |

T o
3 O]

v B

Library Options

Window Help
By - W BEE GRQAAEGY o DF >
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Save and Rename of New Schematic

e [Schematic]File->Save as... (flasher.sch)

E 4 Control Panel - C\Users\Feng\Documents\eagle\flasher - EAGLE 6.5.0 Professional - B
Name ’ Description Empty Project

: Libraries Libraries Use the context menu to create new schematic or board files within this project.
» Design Rules Design Rules

> User Language Programs User Language Proar..

> Scripts Script Files

> CAM Jobs CAM Processor Jobs

4 Projects

4 i { eagle
@ flasher @ Empl [ 1 Schematic - C\Users\Feng\Documents\eagle\flas.. — &
> @& play @

File | Edit Draw View Tools Library Options Window Help
New Ctrl+N Ba a8 GEEL N B TRe
z Qpen.. Ctrl+0
Open recent 4 Tr v

» 1 examples Exam)|

H Save Ctrl+S
Save as...
Save all

Print setup...
Print... Ctrl+P
CAM Processor..

=]
-
a
I
iF

SR

Switch to board

Import 4
Export 4

Execute Script...
Run ULP..

Close Ctrl+F4 16
Exit Alt+X




Schematic Editor Window

TitleBar ————
Menu Bar /

Toolbar
Parameter toolba

Command Toolbar —»

Status Bar ——/™/™/™™

1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — 5
File Edit Draw View Tools Library Options Window Help
EH&S%E 511 - @ HE AAQAAE® o~ $F 7 %9, ol

Sheets & X Wr Command Bal’ =

&8 X B
& F

R
i3
R
]

f
!

=
=
§

Working Area

&
83

=
7
Ve
O

9 =

2
™
£

& B
@

‘CAUsers\Feng\Documents\eagle\flasher\flashersch’ saved.
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Schematic Editor Window Command Tools

Info — Info on a part

Layer settings — Change Layers

Move

Group — Define a
bunch of parts to a
group to move.

Delete — Delete a part

Name — Name a part

ERC - Electrical Rule Check
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Show — Highlight a part, wire, or
trace. Very Useful

Rotate

Add — Add a part from the library

Value — Define a value (20 Ohms, etc)

Net — Connect component

Label — Label items



Finding and Add a Component

e [Schematic] Add

ADD

Search pattern can be one or more words, separated by ]
blanks. These words are searched case insensitively in the

device names and descriptions (if Description is checked), and
must all match.

The wildcard character '*' matches any number of non-
whitespace characters, while '?' matches exactly one of these
characters.

If Fadsis checked, devices that contain PADs will be included in
the search.

Attribute

[l 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — &
EHESFE (11 - W DU AAQAAEY o BE | 7] =, - OHS
% ||H|HE &E B | EH

L1 'S |
0 & Sheets 8 % 0.1inch (-0.64.0) | |

Wy i =

x| 1 N

fac It Name Description ~

& > 19inch 19-Inch Slot Eurocar..

~ > 40xx CMOS Logic Device...

* & abe'e 41xx Series Devices
- > 45K CMOS Logic Device...

T » T4ac-logic TTL Logic Devices, ...

@ > T4ttl-din TTL Devices with DI...

# & > Thoceu TTL Devices, 74xx S...

=l > Thw-little-de Single and Dual Gat...

Fn > Thxx-little-us Single and Dual Gat...

> Téhxx-us TTL Devices, 74 S...

/s T L 7500 Series Devices

[oED] » adafruit

[ > advanced-test-technologies  Advanced Test Tech...

a3 > agilent-technologies Agilent Technologies

o > allegro Allegro MicroSyste...
L > altera Altera Programmab...
&5 W > altera-cyclane-ll ALTERA Cyclonell ...
@ 1 > altera-cyclone-l11 ALTERA Cyclone lll...
> altera-stratix-iv Altera Stratix IV

> am29-memory Advanced Micro De...

> amd-mach AMD MACH4/MA..

Pads Smds Description Preview

Search E» W

Attributes E3 v
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Search for a Component

 Enter “*555*” in the Search field

° Fi n d o N E 5 5 5)} 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — &

BHEE )11 - W BE GRAQF o GHE 7 e, - 0oHS

e (H|®W = B B H

° CIiCk IIOK (o ; o Shes &% 0.1 inch (0.6 4.0) | | v
50
LB ADD [ x |
4 %2 .
1 P Name Description ~
o 4 micro-philips Philips Microcontrol... g g @ g
~ > PCA9555 16-bit 12C and SMB... ] I
%[5 4 micro-siemens Siemens Microcontr.
> BTS555 Smart Highside Hig... — —
g 4 Misc LT-Spice library gen... 5 g g @ g
& NES555 An idealized 555 ti... 4 n
2z 4 solpad Solder Pads/Test Poi... -
H5 LSP10 SOLDER PAD drill 1... o
7o 4 SparkFun-AnaloglC SparkFun Electronic... General purpose bipolar Timer
> 556 Dual timer circuit (2 ... package: DIL 08
s T > NE5S55 General purpose bip...
0" 4 SparkFun-PowerlC SparkFun Electronic... DualIn Line Package
B 4 MAX1555 MAX1555 Lithium C...
o 4 st-microelectronics ST Microelectronics ...
- MNES55 General purpose bip...
O 4 trafo Transformers
& > BV054* ERA EI 54/18,8 16 VA =
a ® 4 transistor Transistors Attribute Value
> *-NPN- NPN Transistror MF Arrow Electronics
4 transistor-neu-t092 NPN Transistors MPN NES555N
> *-NPN- NPN Transistror ~ | |OC_FARNELL 1467742

Pads Smds Description [v] Preview
Search  E» | *555% Y]
Attributes E Y]

OC_NEWARK 89K1486

Cancel



Drop a Component

* Move the cursor toward
the middle of the
SC h e m at I C WI n d OW [#] 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — O

File Edit Draw View Tools Library Options Window Help
ZHSE §[1n -|W BN QR EETH o~ (@G F | 7] 9, - OUC -

* Click to drop the

component e :
* Press “ESP” key to escape  “¢

from adding component; > L
* Click “Cancel” to escape =~ “

from the adding Window. =~
* You can deletea 55

Component by clicking 55

“Delete” 0r

# Left-click to place 'NE555° !



Add Components — Resistors and
Capacitor

* SparkFun-Resistors: RESISTORAXIAL-0.3 (x4)
e SparkFun-Capacitors: CAP_POLPTH2

[l 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof... —

zdE&F 511 -
;[ ErEE EE

W Exaaqay o~ Bl 7

Shests & x| [o—

dedgy v QILTC +

Epic

ADD -

i e [
L% .
P : Name Description ~
g P 4 SparkFun-DigitallC SparkFun Electronic...
- » TLC5940 16-channel LED Dri..
Li# 4 SparkFun-DiscreteSemi SparkFun Electronic...
R GP1ASTHR Optoisolator with 1... —AM— @ @
Xk 4 SparkFun-Passives SparkFun Electronic...
Ea » RESISTOR Resistor
% RPACK-BUSSED-SIP-PT.. BOURNS 4600X ser.. o
[ 4 SparkFun-PowerlC SparkFun Electronic... 0z
il » V_REG_317 Voltage Regulator Resistor Basic schematic elements and footprints for 0603, 1206,
g 4 SparkFun-Resistors SparkFun Electronic... and PTH resistors.
[ 4 RESISTOR Resistor Package: AXIALD.3
/T RESISTORAXIAL-03  AXIAL-0.3
o RESISTOREZ AXIAL-0.3EZ
RESISTORKIT AXIAL-0.3-KIT
B 4 RESISTORPTH-1/2W  AXIAL-0.5
ER RESISTORPTH-1/4W  AXIAL-04
= =& RESISTORPTH-1/4W... AXIAL-0.1 -
=l RESISTORPTH-1/4W... AXIAL-0.1EZ Attribute Value
RESISTORPTH-1/6W  1/6W-RES
@@ RESISTORPTH-W  AXIAL-06
RESISTORPTH-2W AXIAL-0.8 v

¢ Left-click to place 'NE

Pads

Search B> | *resistor™

[[] smds

Attributes E>

Description [v] Previews

v

v

Drop Cancel

[& 1 Schematic - C\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — &

EEHSE 31 - |W BN AORAAW o OB 7| . - @LS -

@S 6 E @B
Sheets @ x [0.1inch (1.5-0.1) | |

B O X RS B
el v b E B

£ 09 g

2 B ON W&
w B O =

B &
S | L J

# Left-click to place 'RESISTORAXIAL-0.3*

iis project.

ADD

[

Name b Description

4 c| Resistors, Capacitors, In...
> EL- BIPOLAR ELECTROLY...

4 resistor Resistors, Capacitors, In...
> EL- BIPOLAR ELECTROLY..

4 SparkFun-Capacitors SparkFun Electronics’ p...
4 CAP_POL Capacitor Polarized

CAP_POLPTH1
CAP_POLPTH2
CAP_POLPTH3
CAP_POLPTH4
4 SparkFun-Passives
» CAP_POL

CPOL-RADIAL-100UF-.
CPOL-RADIAL-T0UF-2...
CPOL-RADIAL-1000U...
CPOL-RADIAL-1000U..
SparkFun Electronics’ p..
Capacitor Polarized

o

Capacitor Polarized These are standard SMD and PTH
capacitors. Normally 10uF, 47uF; and 100uF in electrolytic and
tantalum varieties. Always verify the external diameter of the
through hole cap, it varies with capacity, voltage, and
manufacturer. The EIA devices should be standard.

Package: CPOL-RADIAL-10UF-25V

Pads [ | Smds

search B> | electrolytic capacitor

Attributes E

Description [v] Preview
v

v

Attribute Value

22




Add Component — LED and
a Screw Terminal for Power Supply

e Adafruit: LED5MM (search “LED5mm”)
e Adafruit: 1X2-3.5MM (search “terminal”

[ 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — =] [#] 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof... — =}
SH&F S - % MW ARAQAAY o~ @F |7 g, - BHE~ EEHSE 5 W B QRAAEG v @B 2| e, OIS
L |ABEE @B % |BE 6 B (B
. sheets & x [0.1inch (210.6) | | o o o [Stees 8 x| [0 (0533) B -
e (= ADD e
I _ a4 = ADD
R : Name Description 82 1 .
& P 4 adafruit Fa) Name Description
e 4 LED LED & 4 adafruit
N [LEDSMM LED5MM ° o [1x2-35MM 3.5mm Terminal block
2 P 4 led LEDs s % 4 can-wago-508 Wago Screw Clamps e
x4 > LED LED » T 236-412 Terminal Strips 2.5 mm... @ @
1T oeg 4 SparkFun-LED SparkFun Electronics’ p. - 4 linear Linear Devices
- ., LED LEDs . % » LM#34 3-Terminal Adjustable .
e B & Bl 4 SparkFun-Aesthetics SparkFun Electronics' p... s
2 2 " ot —
= i LED el VNEG VNEG
2 7 4 SparkFun-Connectors SparkFun Electronics' p... || 3.5mm Terminal block
33 osman: al ‘pMDZ 51P dard 2- uv'np
v i —H— - CHIFLED andard 2-pin 0.17 hea... | | nitp ladyad library/p: glelibrary.html
LG RO7L, LG NO71, LY NO74, LG Qo7L, v Qo7t, Lo Rozt, iy~ T
/T R971 LH N§74, LH RO74 on Ve
0N N LS Q976, LO Q876, LY Q976 Package: 1X2-3.5MM
10 Q936 @4
=l | - Hyper CHIPLED
W Q18s LR
R LB Q993, LB Q99A, LB R99A LA e
P < o en
+ o NE 2 L T
Bl T (YT palue aa Attribute Value
@ @
¢ Left-click to place 'CAP_POLPTH2"
P = Pads [ | Smds Description [¥/] Preview Pads [ ] Smds Description [¥] Preview
Search B3 | LEDSmm v search B | terminal v
Attributes B3 v Attributes B> v
oK Drop Canc oK Drop Cancel
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Rotating and Moving Components

* Rotate
* Move
e /JOOM...

i 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — & n
File Edit Draw View Tools Library Options Window Help
EHd&E 511 - D o= G F 7 e, - oLS -
i M E = (@
Sheets & x |0.linch(0.24.4) | | v

&8 X
2#

k]
i
el
is

!
)

=
b
=
T

J =

& REC

A
AT L_.I

o\ N &
2

3k —RAA— —MM—
|
|
—A—

[

4 Left-click to select object to move 1
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Connecting the components

* Net

1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — O

File Edit Draw View Tools Library Options Window Help
BEEHE&EF $ 11 - W B QAQAGQ o~ GF 7 €y, ~OLC~

i ./ ~ /I v~ - 5 Radius 0 W |7' Style: continuous  ~ | MNet class: 0 default -
§ © Sheets & x |0.1inch(-1.01.9) |— »
W -
@z 4 ¥
E3 o ¥
L3 &
Sy
oG % <
1T O‘Q = =
&
R Rz +
T o
g F —

ErEnd
7 s L L
s T ?—" =
o "

JE S I

Draw an electrical connection

-
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Setting Component Values

* Value

1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — O
File Edit Draw View Tools Library Options Window Help
=HSE 511 - B aaqas v @§F 7 g, ~oHS -

o |Sheets & x [0.1inch (-1.02.9) | v

v b

A

&

& o X »
Py
M
AN

=
&

alue

o A ﬁ%ﬂ 5z
|

g
7
7
@]

w

N

o
/1
b
Ll
=

® g
©

Define the value of an object 1
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Electrical Rule Check

* ERC

1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — &

ILF]
=S4

BAQAAE® o~ @F 7 € vOHS~

Sheets & x |0.1inch (-1.0 1.6)
- B

i
Wy i
& %% 1 p
B3
A <
h
ERC Errors
® K
1T e Type Sheet
3

& Consistency not checked (no board loaded)
= 4 Errors (1)
g o @ Unconnected INPUT pin IC1 CON 1
7 oI 4 Wat:nings )

(¥) POWER pin IC1 GND connected to N$5 1
/T (D POWER pin IC1 VCC+ connected to N$1 1
o9 (D Part LED1 has no value 1

(D Part LED2 has no value 1

Approved (0)
. BEC 4
&
a|a | |:| Centered Clear all
Processed Approve

Electrical Rule Check
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e Use “Show” to show net
name

e Search for “capacitor” and
find CAP-PTH-SMALL

* Add the capacitor and
connect it to Pin5 and the
ground

1 Schematic - C:\Users\Feng\Documents\eagle\flashen\flasher.sch - EAGLE 6.5.0 Prof.. — &

ste:
= oml

Qaaqag o~ @F 7“9 vofE~

EHSE 511 - W

He

4 Errors (1)
‘0 Unconnected INPUT pin IC1 CON 1

4 Warnings (4)
() POWER pin I1C1 GND connected to N$5
) POWER pin IC1 VCC+ connected to N$1
Y Part LED1 has no value

(D) Part LED2 has no value
Approved (0)

N e Sheets & x [0.1inch(1.01.3) | ”
w i -
+ iF 1 ¥
& P N #
[
A
¥ L
i ey E ~ £
&
w +
(&l =
ar al
7 i
/T ERC Errors n
o -
B 4 Type Sheet
A Consistency not checked (no board loaded)

E

s m
@ C

ERC: 5 errors/warnings. # Left-click to sel

I:‘ Centered Clear all

Processed Approve

1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — 5

EEHEE sn - @ ZEu 80 Q0 B B v oo A B dely, o gLTC o
i BE! - ADD “
. Sheets & —
i® , Name Description ~
-
Mo > X X CAPACITOR
1 > CY Y CAPACITOR
> EL- BIPOLAR ELECTR...
4 resistor Resistors, Capacitors...
> C-EU CAPACITOR, Europ...
> C-TRIMM Trimm capacitor
> C-US CAPACITOR, Ameri... 2o
e > CPOL-EU POLARIZED CAPA... .05
@ > CPOL-US POLARIZED CAPA... (‘apac.:itor Standard 0603 ceramic capacitor, and 0.1" leaded
- = > CX X CAPACITOR capaditar
o > CY Y CAPACITOR Package: CAP-FTH-SMALL
5 F > EL- BIPOLAR ELECTR...
7 i 4 SparkFun-Capacitors SparkFun Electronic...
/T 4 CAP Capacitor
o " CAPEZ CAP-PTH-SMALLEZ
CAPKIT CAP-PTH-SMALL-...
@ d CAPPTH CAP-PTH-SMALL —
T CAPPTH1 CAP-PTH-5MM Attribute Value
L CAPPTH2 CAP-PTH-SMALL2
B CAPPTH3 CAP-PTH-LARGE
CAP_ AXIAL-5MM v
@&
Pads |:| Smds Description Preview
Search  E» | capacitor -
Attributes E> v
Drop Cancel
1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — O

File Edit Draw View
SHEF §in ~

%[Ol s e m o S Redusi0

o (sheets & x [o.dinch (0.54.2) [ "

i
L
L

=]

R 8 O X
r & * B 3

=
&

+JEON NI
(e o - 2y

H @
@ L B

4+ Left-click to start net wire !

Tools Library Options Window Help
wRELanaasy o~ ogfF 7
v [ 7 style: continuous ~ | et dlass: 0 default ~

S > BHE ~

ES

P

AAAN
Vit

AAAA
Vi

AAAA
VWY

AAAA
VY
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1 Schematic - C:\Users\Feng\Documents\eagle\flashenr\flasher.sch - EAGLE 6.5.0 Prof.. — O 1 Schematic - C\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof... — m|
File Edit Draw View Tools Library Options Window Help Library Options Window Help
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Net classes

e [Schematic]Edit->Net classes

e Can also be done in Layout Editor later
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Net Classes

* Info
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Laying Out the Board

* [Schematic]File->Switch to board

* “This is no board, so would like to create one from
the schematic?” — “Yes”

* Yellow lines: -connections that will have to
be converted into tracks

[#] 1 Schematic - C:\Users\Feng\Documents\eagle\flasher\flasher.sch - EAGLE 6.5.0 Prof.. — O

* Rectangle: borders ... ceciiinon e

Note: 1. Do NOT close either :; i - .

schematic or board window. ) —‘ ﬂ‘Z

They must both remain open . B B e =
while working. Change in on - “HSF T #RTARAAE O 7]
editor window will lead to ar RN TNl

change in the other window. 2;

2. Change background color: =

[Board]Options->User aq

interface...->Background->White




Board Tools

Layer Settings — Change i) Show — Highlight a trace or part.
s Ja
layers bl Useful to see what connects where.
Move — Select to Move &4 33
components £3
: S
Group — Group multiple PN
components to move at X &
once. ﬂ': »
Route — Create a trace (this is ﬂ y
the actual wire that carries the ok T
electrical signal) f: ;F; Ripup — Remove Traces
Rectangle — Draw and define a rectangle R
S T Text — Add text

Via — Brings a trace from the top layer to
the bottom layer

Polygon — Draw and define a polygon.

& Auto Router — Somewhat unreliable

Ratsnest- Calculates the shortest possible . #  Design Rule Check — Very Important!
airwires and polygons @ S~ More Later



Move

* Move
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Redo: Move Group (35s ago) # Left-click to select object to move (Ctrl+right-click to move @ 1



Move

Rotate

Move

(resizing the board)
Zoom to fit
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Ratsnest — calcu
airwires (and po
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Add Mounting Holes
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Add Mounting Holes

H 2 Board - C:\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional - o “
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Autorouter

e [Board] Autorouter
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Board Layout

7| 2 Board - C:\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional - B
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Rip Up the Tracks (Optional

° llRip up”
* “Group”
* “Ripup: Group”

_ cEE

H 2 Board - C\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional
File Edit Draw View Tools Library Options Window Help
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Tweak the Result — Add a Ground Plane

* Polygon — draw a square around the outline of the
board

* (Right click the border of the polygon)Properties —
Layer: 16 Bottom, Width 0.01

H 2 Board - C\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional - O
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4
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& 8 [] Airwires hidden
¥

. . oK Cancel Apply
Signal: N$1, Class: 0 default ¢ Left-click to start polygon @



Add a Ground Plane

* “Ratsnest”- the polygon fill with blue

e “Name” - GND

- oEN
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Add a Ground Plane

* Autorouter
e Ratsnest: Nothing to do!
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Start the autorouter @' Ratsnest: Nothing to do! @!
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Design Rule Checker

e [Board]DRC

2 Board - C\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional =

WSF 3 ® %% QAQ8G -~ $F 7 % @

0.05 inch (-0.20 0.00) v
- [
T
i3
o
&
* 7] DRC (default)
of
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. The default Design Rules have been set to cover a wide range of applications. Your particular design may have different requirements, so
A please make the necessary adjustments and save your customized design rules under a new name.
T
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|
~
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o
Eid Edit Description...
A=

Load... Save as...
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CAD Layers

Note:

1 Top (top tracks)

16 Bottom (bottom tracks)
17 Pads

18 Vias

19 Unrouted

20 Dimension

21 tPlace (top silkscreen)

22 bPlace (bottom silkscreen)
23 tOrigins

24 bOrigins

25 tNames

26 bNames

27 tValues

28 bValues

44 Drills (for pads (of through hole components) and vias)

45 Holes (for mounting holes)

CAD layer is different from (conductive) layer.

Layers:

Display

45 W

47 W
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tPlace
bPlace
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tGlue
bGlue
tTest
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bKeepout
tRestrict
bRestrict
vRestrict
Drills
Holes
Milling
Measures

Change

All

Del

None

Apply
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Add Text on the Top (Silkscreen)

* [Board]Layers — Pads, Dimension, tPlace, tOrigins,
tNames, tValues

H 2 Board - C:\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional - B

EHE&F & W 2w QA @ F |7 e W

0.05 inch (0.20 1.30) |

H Display

Layers:
Nr Name ~
16 Bottom
W rads
18l Vias
19 Unrouted
Dimension
tPlace
22 bPlace A
MNews Change Del
All None

0K Cancel Apply




Smash — Separate the Text From Devices

e [Board]Smash
* Group
* Smash: Group
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+ Left-click to select part to smash (Ctrl+right-click to smash group) @!



Change Size

* Change->Size->0.05
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Change Font

* Change —>Font->Vector
* Group- Change:Group
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Change Ratio

* Change->Ratio->12
* Group — Change:Group
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Move Labels

* Move (labels)

KN
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 Layers — Pads,
Dimension, tPlace

_ oW

H 2 Board - C:\Users\Feng\Documents\eagle\flasher\flasher.brd - EAGLE 6.5.0 Professional
File Edit Draw View Tools Library Options Window Help

ELEFERE T YT T

i Angle: 0 v |wd|e |FE|E

i o 0.05inch (-0.20 1.25) | |
W L
<

i

i

b |

5

e

B T e0BON A5 X4 HE
Pl SRR

o HE

o

+ Left-click to select object to mave (Ctrl+right-click to move group)



Add Text to the Top (silkscreen)

* Change-Layer-tPlace
* Change-Size-0.05
* Change-Font-Vector
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Add Text to the Top

* Text->GND
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Add Text to the Bottom

* Layer->Pads, * Change->layer->bPlace
Dimension, bPlace
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Add Text to the Bottom

e Text — www.uidaho.edu
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Final Board Layout
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Gerber Files

e A 2D vector image format
Universal format and industry standard for PCB fabrication

TXT files with coordinates that tell the PCB machines to go
to I)ocation X, Y and do something (drill, expose, etch, print,
etc).

* Formats:
e RS-274X (Extended Gerber or X-Gerber)

* Human readable ASCII format consisting of a sequence of commands and
coordinates

e RS-274D (obsolete)
Different text files for different layers.

Generated by the CAM (computer aided manufacturing)
processor



Typical Gerber File Types
. e e B

Top copper layer
(component side)

Bottom copper layer (solder sol gbl bot gbl
side)

Top solder mask stc gts smt gts

Bottom solder mask sts gbs smb gbs
Top overlay (silkscreen) plc gto sst gto
Bottom overlay (silkscreen) pls gbo ssb gb0
NC Drill file (coordinate info) drd txt thruhole.tap drl

Note: Extensions are different for different PCB design tools, but information is the same.

EAGLE default CAM job needs to create drill file and gerber files separately.
SparkFun CAM job needs only one step.
https://github.com/sparkfun/SparkFun Eagle Settings/tree/master/cam
Download the file sfe-gerb274x.cam, and save to some folder
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Gerber File Generation — CAM
Processor

e [Board] File->CAM Processor

e [CAM Processor] File->Open->Job->sfe-
gerb274x.cam
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Gerber File Generation — CAM

Processor

e [CAM Processor] Process Job
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Gerber Review, Submit and Order

* Review: verify the CAM output in a Gerber viewer to make
sure everything was positioned correctly

e View I I%t: http://www.viewplot.com (can be downloaded and
installe

* Online viewer: www.gerber-viewer.com

* Design for manufacturability (DFM)(Files upload)

* FreeDFM: http://www.freedfm.com
https://www.my4pcb.com/net35/FreeDFMNet/FreeDFMHome.asp
X

e Some PCB fab houses

* Advanced Circuits http://www.4PCB.com
* quick, reliable, and relatively cheap
e S33/board with a week turn around

e Dirty Circuits http://www.dirtycircuits.com
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Assembly (Soldering)

* Through-hole components
* DIY at ECE Senior Design Lab (BEL 216)

e Surface-mount devices
e GJLOO1 ECE lab (free)

* <30 components
* Case size > 0402
e Label pin numbers

* Mr. Greg Klemesrud: gregk@uidaho.edu



mailto:gregk@uidaho.edu
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