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Abstraction: This application note is a tutorial of designing a single-layer PCB using Eagle program. The
tutorial will guild the reader through building schematic, designing PCB layout and generating CAM files
in the Eagle program.
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Introduction

PCB, which is also known as printed circuit board, is very commonly used in
commercially produced electronic devices. A printed circuit board usually use conductive
pathways, tracks and traces etched or striped from a copper sheet covered on a non-conductive
substrate. PCB is also a very reliable and a very effective way of implementing a designed circuit
with a good manufacturability.

To design a PCB from a circuit schematic usually involves computer aided design
software. In this application notes, Eagle program which is developed by Cadsoft will be
introduced. This tutorial will walk the reader through building the schematic in Eagle and
designing the layout of the PCB. Eagle, stands for easily applicable graphical layout editor, is
capable of schematic capture, PCB layout, and CAM. In this tutorial, every feature will be
discussed respectively.

There are a few visions of Eagle for different tasks. The one that will be used in this
tutorial is a free version of Eagle. The free version of Eagle is restricted to a maximum size of
3.9 inches by 3.2 inches. It is capable of designing two-layer PCB, while this tutorial will only
demonstrate the single-layer PCB layout. Even with the restrictions, the free version of Eagle is
still an ideal tool of design small single-layer printed circuit board.

A free version of Eagle is available for downloading through the following link:

http://www.cadsoftusa.com/download-eagle/?lanquage=en

Objective

The objective of this tutorial is to help readers to design a printed circuit board from a
schematic. The tutorial also includes techniques such as CAM process, which are both very
useful and necessary steps for building a printed circuit board.

Key words: Single-layer PCB, layout, CAM, schematic, Eagle, Cadsoft

Getting Started with Schematic

In this tutorial, the following example will be used as demonstration. This demonstration
involves some representative elements to be introduced. Readers should find it helpful by follow
the steps respectively.


http://www.cadsoftusa.com/download-eagle/?language=en
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First of all, run Eagle program. The Control Panel will be displayed. On the Control Panel, select
File>New>Schematic. That will open a new schematic window. On the left of the schematic
window, there is a add tool:

sees @ x/[o1rn@son | 3

2

This Add tool will add elements such as resistor, capacitor and ICs, all of which are very
important in designing the PCB.
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Once the add tool is select, it will open a window:

2 ADD 3]
Name Description &
# {19inch " 19-Inch Slot Eurocards
 40cc CMOS Logic Devices, 4000 Series
41 41 Series Devices
# 45xx CMOS Logic 05, 4500 Series.
74aclogic  TiL Log \C11xx and
Zatth-din TIL Devices with mbol
T4oceu TIL Devices, 74xx Series with Eur.

& 74xclttle-de  Single and Dual Gates Famiy, US
# T4xclttle-us  Single and Dual Gates Famiy, US
® x S

19-Inch Slot Eurocards

TERA Cyt GA

lon... ALTERA Cydone I1 FPGA 100 x 160 men vith DIN 41612 connectors

ARera Stratix IV VME-BUS-Cards - hetp:/jwww.interfacebus.com/COTs_Cards_VME heml
Advanced Micro Devices Flash Me
+ AMD MACHSJMACHS Famity (Yantis) | | Greated by ibrarisn@cadsoft. de
 amis AMI Semiconductor
4 anslog-devices Analog Devices Components
® atmel AVR Devices
# austriamicros... austriamicrosystems v

Search  [“]smds  [V] Description [ Preview
B v

=3 )

On this window, a proper element needs to be selected. The Add tool serves like a library of
elements. There are a lot of elements manufactured by different companies to be chosen from.
However, this library may not contain all the elements needed for project. It is possible that
certain project needs to use an element that is not contained in the library. In that case, there are
different element libraries online for Eagle to use. User need to find the proper library to do their
project. In the demonstration, LM324N will be used to show how a chip will be added.

To find LM324N in the library, search for “LM324N":
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2 ADD 3]
Name Description
& linear Linear Devices
S LM324___OP AMP
N ps 0080808
St
Han—
op AMP
Package: DIL14
Dual In Line Package
Search Smds Description Preview
B |ms2dn >
[ ok J[ orp ][ cancel ]
e
@ o

TipS . 1Cs like LM324 are usually contained in the library. However, due to different package

of the ICs, the package information must be included in the key words. In this case, instead of
searching LM324, searching LM324N will return the correct element.

The particular LM324N used in the demonstration has four op-amps built-in in a single chip. The
chip has a DIL14 package which stands for dual in line package. This is a standard through-hole
package for LM324. To add LM324 to the schematic, press OK and place two op-amps on the
schematic. Eagle will automatically use two op-amps within the total of four, respectively, the
first two op-amps on the chip. Now the schematic should look like:
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&1 Schematic - C:\Documents and Settings\admin\Desktop\New Folder\untitled.sch - EAGLE 6.3.0 Light
File Edit Draw ‘iew Tools Library Options Window Help
EESF sy ® K QRARE 0 OB 7] b -

Sheets & X |0.1inch (2.00.0) | |

a7
7 i
/T
o
md
a7

........

Then, resistors need to be added. Select Add tool again and search for resistor. Use the key word
“resistor”. That should return a lot of results. The choice of resistor completely depends on the
size of the resistor. In this demonstration, the resistor with grid of 20mm is chosen for this demo.

ings\admin\Desktop\New Folder\untitled.sch - EAGLE 6.3.0 Light

&5 slivw =N aRAaL o~ OF

=ML
Shests & x|[0.1inch(2.90.8) | |

i e

E3

~

Name “ Description

| S RUS_  RESISTOR, American symbol
E R-US... 0204Y
RS, 0204f5

RUS... 0204/7 — ~ A
RS, 0207j2¢ G3$1 >NAME
R-US... 0207/5% by

R-US... 02077 —M—

RUS... 0207/12 >VALUE

Tow
r
33
R RUS... 0207/15
T R-US... 0309/10
RUS... 030912 5
R-US... 0309V g
2 RUS.. 0411V 2
@ RUS.. 0411/12 RESISTOR, American symbol
-y R-US... 0411/15
RUS... 0414V Package: 0207/10
8- 8BC R-US... 0414/15
) RUUS... POG13Y RESISTOR
5 bl RUS... POBI3(1S
2 RUS... 0617V type 0207, arid 10 mm
@M R-US... 061717
- RUS... 0617/22
R-US... POB1I7Y v

Search Smds Description Preview

B |resistor v

I OK ][ Drop ][ Cancel J

Then press OK and place five resistors on the schematic. Then wires need to be added to connect
the elements. To add wires, select wire on the left of the window:
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B 1 Schematic - C:\Documents and Settings\admin\Desktop\New Folder\untitled.sch - EAGLE 6.3.0 Light

File Edit Draw View Tools Lbrary Options ‘Window Help
HEF 3y w B8 QAQQ® o~ @8 7] “9, -
NN ED

~[sheets @ x|[0.1inch(-1.23.8
R Jo.tinch 1238 ||

Wi |

| Wire g, e LI

a®

Then, click on any spot wished and that will be the start point of a wire. Click again will be place
a turning point of the wire. Notice that it is not the end point. To end a segment of wire, press
Esc. Then, connect the element according to the schematic:

B/1 Schematic - C:\Documents and Settings\admin\Desktop\New Folder\untitled.sch - EAGLE 6.3.0 Light

File Edit Draw View Tools Lib
=Wl&F sy w
Mm|E & | mE

sheets & x|[o.tinch(-1.223) | ||

|

ptions  Window Help

QAR o~ @B 7| o -
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To finish the schematic, a potentiometer needs to be added. To add a potentiometer takes some
more efforts to find. In this demonstration, a potentiometer manufactured by Spectrol is used.
This particular potentiometer has a square package and the three pins are in a line. Search for
potentiometer. This particular potentiometer is in the directory of TRIM_RE. Expand the
directory and find the particular potentiometer manufactured by Spectrol:

ZHE&E v By QA = (@ 8| 7/ w9, -
A NE ]

Sheet: X/ |0.1inch (-1.2 2.8] |
@eesﬂjrlln(( )| |

iin\Desktop\New Folder\untitled.sch -

i
o
Wy i 2 ADD 3]
+ 2% 1 ‘ - &
£ -I:\ | Name Description | NI/ r
TRL. R > \
Lk T R
B TRI. RS3 < ) 4 .|
x5 TRL. SP19L - | i
£ =< - | Y
T od : ‘ 7 N 46 )
8 L. 564w —
o e
fas
f: TRL. SM-42/43A | —m——
7V 33 TRI. SM-42/43B | E
o L. gngmy POTENTIOMETER
o L. sPioL Package: S64W
Ed RL. ss POTENTIOMETER
A = pot-vitrhm  Vitrohm Potentiometers Spectrol
0 PC25 VITROHM POTENTIOMETER
SN = pot-xicor icor Digitally-Controlled Potentio... — |
2 | | ® ¥sCl02%  Digal POTENTIOMETER |
&0 Search Smds Description Preview
E> | potentiometer v|
[ OK H Drop H Cancel

Click OK and place the potentiometer where it should be. Then connect the potentiometer to the
circuit. Then, ground needs to be added to the schematic. To add ground, select add tool again
and search for GND. Then choose either one from the two ground symbol available and place
ground where it needs to be:
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= supply2
GND

Supply Is
SUPPLY SYMBOL

>VALUE

SUPPLY SYMBOL

Drop

][ Cancel ]

Search Smds Description Preview
B [ond v
-
o
o]
a®

Then, connect the ground as shown in the circuit schematic. The last task is to add two soldering
pad for input and output of the circuit. Open the add tool again and search for “solder”. There are
several kinds of soldering pads to choose from. In this turtorail, a soldering pad of 1mm diameter

will be chosen:

Mame

(= con-amphenol
SIMLOCK....

= con-vg
FABC30
FH11
MABC30

Description

Amphenol Connectors

C707A SIMLOCK® 2.5 mm with wide
¥G Connectors (DIN 41612/DIN 4161
Female Connector C/3, 30 Solder
Fem. Connector H11 Solder

Male Connector C/3, 30 Solder
Jumpers

SMD solder JUMPER

SMD solder JUMPER

Solder Pads|Test Paints

SOLDER PAD drill 1.0 mm, distributor .

SOLDER PAD

SOLDER PAD drill 1,3 mm, distributor ...

7

s

MCS08 SOLDER PAD MC 50,8, drill 1.2 mm, ...
MCS10B  SOLDER PAD MC 51, distributor Buer... || OLDER PAD
SE11 SOLDER PAD RTM, drill 1, 1mm, distri...
SE13 SOLDER PAD E1542, drill 1,3mm, dis... | | drill 1.0 mm, distributor Buerklin, 12HSSS
SE14 SOLDER PAD E1553, drill 1,4mm, dis...
Package: L5P10
SOLDER PAD
drill 1.0 mm
Search Smds Description Preview
(%2 i solder v ‘
[ OK l [ Drop ] [ Cancel ]
LAY Veve

aO®

R2
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Then connect the soldering pad to the circuit, the schematic of the circuit is finished then:

& 1 Schematic - C:\Documents and Settings\admin\Desktop\New Folder\untitled.sch - EAGLE 6.3.0 Light
File Edit Draw View Tools Library Options Window Help

HEF suviw = QAQAE o~ @F 7 9, -
Woves vl r e r o 5 w0 | |7 7 width:]0.006 v styles|continuous v |

Sheets & x| [0.1inch(0.64.1) | ||

b ;-

A I K /3 AON

o
e

1
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From Schematic to Layout
After the schematic is done, press the bottom shown in the picture:

B 1 Schematic - C:\Documents and Settings\admin\Desktop\New Folder\untitled.sch - EAGLE 6.3.0 Light
File  Edit Draw _ View Tools Libva(y Options Window  Help

=@eF|slnve B2 aaaa® o OB 7 -

T

[Wsives  v|[a|lsr /e o 5w | [ 7|7 wicth0.006 v |stylescontinuous v
" |sheets & X [0.1inch(0.64.1) | ||

el Board

1

P &

28 5
(23 b

+JHON|NBREE X #1718
)

@I/
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This will automatically open a PCB board window and have the elements and signal wires in
place:

Wistart. [ © oounloadconpl.. | © bownloadconpl.. | Conrolpanel-... | B 1schematic i % zooad-Cipoc.. | W schoew-pant | B NewFolder [Elstensic o, | /@@ €% WU s

Then, move the element to the designated board area and adjust them so that traces can be run
between elements without crossover:

£ 2 Board - C:\Documents and Settings\admin\Desktop\New Folder\demo.brd - FAGLE 6.3.0 Light
W jons  Window  Help

X AQAQAQAY o> @R 7 o @

~
(=]

FoeEBON\|-AsNao

@H X
Ul

Then click the wire bottom in the picture to wire the traces according to the signal wires on the
board. Once the traces are run from a point to another, the signal wires originally on it will be
automatically removed indicates that the signal has been completed.

The finished traces should look something like this:

11
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2 2 Board - C:\Documents and Settings\admin\Desktop\New Folder\demo.brd - FAGLE 6.3.0 Light

Fle Edt Draw View Tools Library Optins Window Help
=d&F 3 W ARQAAEG > G 7 . HED.

| S AT S e v 7|7 wieh{0.016 v|Style: contiwous v
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There are two things to be noticed. First, in the program, because the LM324N was added
without power supply pin, the power supply of the chip needs to be added afterwards. Thus, copy
and paste a soldering pad as the VCC connector. Then connect the soldering pad to pin 5 of
LM324N. Second, the ground was automatically connected to the ground plate. However, the
purpose of this tutorial is to show how to design a single layer PCB which doesn’t provide a
ground plate. In this case, record the connections to be grounded and solder the connections to
the copper plate and the copper plate will serve as the ground.

The finished PCB layout will look like:

£ 2 Board - C:\Documents and Settings\admin\Desktop\New Folder\demo.brd - EAGLE 6.3.0 Light

Fle Edk Draw Vew Tooks L Options  Window  Help
=H6F 2w W AARRXR »~ @ 7| *9. @
- Botto Vilals 72 r S mejo ¥ |7 widthi0.016 ¥ Style: continuous ¥
T 0.05inch (0,60 1.05) | || v
i
& 2%
E3 P

CTo0BON | AeNbph®
‘BRI A N#

@H X
o

Preparing for Fabrication with CAM
On the Control Panel, choose gerb274xECESHOP from the drop-down list of the CAM Jobs:
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Control Panel - EAGLE 6.3.0 Light

File View Options Window Help
Mame ~ Description Generates Extended Gerber Format
Librari Librari
; Dle;?gr: ;.ules Se;?gr: sRuIes This CAM job consists of five sections that generate data for a two layer board.
g;ei;tl.sanguage L L g;ei;tl“:ﬁg: age P ‘You will get five gerber files that contain data for:
i *

- CAM Jobs CAM Processor 1., | SOmponent side *.cmp

= solder side *.sol

[+ Projects

E excellon.cam
&= gerb274x-4la...
= gerb274x.cam

& gerber.cam
:: layout2.cam
B schematic.cam

Generates Excell.

Generates Exten.| | solder stop component side *.stc
Generates Exten.| | solder stop solder sid *.sts

silkscreen component side *.plc

n.
Generates Gerbe.
Generates EPSF.
Example for cam..

That will open a window. Select File>Open>Board. Choose the board to be fabricated and click
OK. Then on the following screen, click Process Job:

# Design Rules
@ User Language Programs

EE excellon.cam
I geb274xdla
S gerb274x.cam

Qerb274XECE ..
I gerbercan
2 layout2.com
T schematic.cam

# Projects

Description
Libraries

Design Rules
User Language P.
Script Fies

CAM Processor J..

Generates Excell

Generates Exten.

Generates Exten.

Generates Exten.

Generates Gerbe.
Generates EPSF.
Example for cam.

Generates Extended Gerber Format
This CAM job consists of five sections that generate data for a two layer board.

You vl get five gerber files that contain data for:
component side *.cmp

solder side *.sol

sikscreen component side *.plc

soder stop component side * stc

soder stop solder sid *.sts

#= 1 CAM Processor - C:\Program Files\EAGLE-6.3.0\cam\gerb274xECEShop.cam - ... [= |[B][]

File Layer Window Help
Component side | Board Outline | Driling Unplated | Solder side
Job Style ™~ Layer -1
Sectior Mirror 1 Top
n | Component side | (B e
Prompt | Drotate 17 Pads
E— 18 Vias
= [ Upside down 19 Unrouted
itput 20 Dimension
r , pos: Coord 21 thiace
Device |erser _Rs274x | - 22 bilace
23 torigins
Optimize 24 borigns
25 thames
e ELE 1
27 thalues
28 balues
Offset 25 tstp
30 bStop
% |onch 31 tCream
32 bream
¥ [onch 33 tFnish
34 bFinish
35 tGlue
2% e ]
[(Process Job | [Process Section] [ Description | [ add | [ oel |
e o brd

Five Gerber files will be generated in the same directory in which the board file is. They should
have extensions of .bol .cmp, .gbr, .gpi and .sol. The five files are what is needed for the PCB to

be fabricated.
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Conclusion

After read the tutorial, the readers should know how to create a schematic for the PCB to be
fabricated, transform the schematic into a PCB layout and generate the CAM files necessary for
fabrication. Though the demonstration and the intension of the tutorial is to build a single-layer
PCB, the techniques are very similar when readers moving to multiple-layer PCBs.
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