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What is EAGLE?

• E-CAD/PCB CAD/PCB Design software

• Currently owned and operated by Autodesk
• Some slick Autodesk integrations now

• Much improved from just a few years ago, pre-Autodesk.

• Professional edition available for free to students (“Educational 
version”)
• In fact, all Autodesk software is free to students to some extent.

• (Unrelated, but so is Adobe software!)



What is a PCB?
• Printed Circuit Boards

• Eliminates loose wiring by soldering 
components onto a hard substrate 
with pre-etched connections

• Comprised of multiple layers

• Vias connect various copper layers



What are we doing today?

• We are designing a simple 
battery-powered switched-LED 
circuit



Questions before we start?



Hopefully, you’ve opened 
EAGLE and logged in.

If not, do that now.
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Press ESC



Expand this one



Whoa.
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• Use the move tool to left 
click and select parts

• Right click to rotate
• Middle click to mirror

• Use the move tool to 
right click for the 
context menu

• Can be used to delete, 
replace, and more



How to connect them?



How to connect them?

Using nets!



Left click to start a net 
(Circle indicates a pin)



Left click to end a net 
(Circle indicates a pin)



What about the end 
terminals?



Start a net on a pin 
and end it in space





Click on the (-) pin’s net 
(left of the battery) to 

name it GND

Make sure “Place label” is 
checked to see the name!











Use the name tool to 
name this net GND

This asks if you want to 
connect this net (N$5) 
to the net called GND.



Everything is now 
connected!

Confirm using ERC



Remember:
• Errors are show-stoppers.
• Warnings are reminders.







Values added

ERC checked 
successfully!



Generate/Switch to 
board view













Use the Group tool to 
select and act on 
multiple parts at once 
by left clicking and 
dragging.



Once grouped, select the 
tool you want to use (e.g. 
move) and right click on the 
origin of one of the parts to 
act on the group together.

“Move: Group” allows you 
to move all the objects in 
the group at once



Now that we’ve moved our 
parts onto the board, we 
need to arrange them.



Zooming in, we can see the 
thin lines between 
connected pads – airwires.

These show which parts 
connect, and how.

You can also see the part 
names (e.g. S1, G1) and the 
part value (e.g. Green, 1k)



So, what’s the best way to 
arrange these?



So, what’s the best way to 
arrange these?

There is no single correct way!

There are many different acceptable options, 
though some are better than others.

We want to minimize the trace length while 
giving space so that we can physically place 
the components on the board.



Some things to note:

• Movement and rotation are the 
same as in the schematic

• The middle button moves the part 
to the other side of the board (i.e. 
the backside)! There is no mirroring.

• The names and labels (e.g. LED1 and 
Green) can be moved separately.

• Any changes to parts must be done 
in the schematic, NOT HERE.

Remember: 

90% of the work is in the placement.



This is one potential layout – there are infinite options!



Now to route the board.
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• Traces should typically be minimum of 
10 mils for signals, 24 mils for power
• Wider is better!

• Right click to invert bend angle
• Ctrl + right click to change bend style
• Middle click to switch to another 

copper layer
• This will place a via if you’re in the 

middle of a trace

Question: Which side should the traces be 
on if our through-hole components are on 
the top layer?



Question: Which side should the traces be 
on if our through-hole components are on 
the top layer?

Answer: The bottom! Why?

Notice that the resistor got flipped to the 
backside to facilitate this → no vias!
• This will reduce fabrication costs



Use the move tool to adjust the dimensions 
of the board
• Squares and rectangles and easy and 

clean



Use the move tool to adjust the dimensions 
of the board

• Squares and rectangles and easy and 
clean

• The arc tool can be used to make curves



Use the move and delete tools to adjust 
the dimensions of the board

• Squares and rectangles and easy and 
clean (the default)

• The arc tool can be used to make 
curves

• The line tool can be used with 
different bend styles to make your 
PCB nearly any shape you’d like!

• If you make new dimensions, make 
sure to delete the old ones!



Left click on a dimension to see some other 
options



Notice that the line did 
not snap to the grid!

We can adjust these 
manually to position lines 
and curve more exactly.

Also notice that 
dimension lines are zero 
width.



Next, we introduce the polygon tool.

Polygons can be thought of as area 
traces, rather than point-to-point.

Typically, these are either ground or 
power signals

• Ground is good for reducing noise.

• Power is good for reducing losses.
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Polygons are drawn like traces

• Confirm the layer you’re on

• Right click to mirror the bend

• Ctrl + right click to switch bend style

Notice that we’re on the bottom layer, 
and we’ve increased the isolation.

Also, polygons can be drawn outside 
the dimensions, but will only fill within 
the dimensions.



Once you’ve closed the polygon, 
it will ask for a name.

This is the net name you’re 
connecting to, which in this case 
is GND.

… your polygon’s outline should 
be visible.



To demonstrate the power of 
polygons, I’ll remove the GND 
trace using the ripup tool.

Ripup is how you delete a trace. 
You can’t use the delete tool!



Ripping up the trace leaves an 
airwire where it used to be. 

We will fill this with the polygon.



To fill the polygon, we use the 
ratsnest tool.

The “ratsnest” is the jumble of 
airwires, and this tool fills 
polygons and eliminates any 
completed airwires.



Notice that the airwire is gone! The 
polygon connected the net.

This is especially useful if there are 
many connections to that net.

Isolation is prominent as well.



We make a second GND polygon on 
the top layer to reduce stray noise 
and coupling.

Also helps speed up fabrication.



Last step – Design Rule Check (DRC)

The DRC checks your design against 
a standard set of fabrication 
parameters – sizes, spacings, and 
more.

DRC files (.dru) can be found from 
fab houses (e.g. OshPark, Advanced 
Circuits) and other websites (e.g. 
SparkFun, Adafruit).



There are many tabs here to look through, but 
if you change them, your board may be un-
fabricate-able.

You can load a .dru file if you have one; 
otherwise, click “Check”.



Remember: warnings are okay. 

Click a warning or an error to zoom 
into it on the design.



“Wire Stub” warnings mean that you 
left a bit of a trace that isn’t connected 
completely. 

This is a very common (and very 
annoying) warning. You can ignore it, 
but it’s safer to rip it up.



Of course, this generates an actual 
error – the wire stub was connecting 
this pad to ground. 

But remember the polygon we made? 
Let’s ratsnest!



Woohoo! No errors!

PAUSE HERE



Great, so you’re board passed DRC 
– now what?

If you want to add text, you can do 
that using the text tool.

• Add it to the tPlace or bPlace
layer to make it in silkscreen.

• Add it to another layer to make 
it in that layer, e.g. Top for 
copper on the top.





Middle click to change layers!







Designers will often put their 
name, the board name and version, 
and a date (or year).



Now that we’re completely done, 
we will generate the Gerber files 
needed for fabrication. 

It’s easy! Click the “Generate CAM 
data” button in the top toolbar.



For typical boards, 
these Gerber and 
Drill files will be 
fine.

If you need more 
complicated 
Gerbers, you’re 
probably qualified 
to figure out the 
CAM processor to 
generate custom 
sets of Gerbers.



Congratulations!
You’ve designed a board, and it’s ready for fab!



But wait!
Let’s look at this board again….



These footprints… is this the exact 
set of parts you have?

Probably not – we just selected a 
random set of components.

In a “real” design, we would have 
selected the right components 
from the beginning!



So what do we do?



The resistor we have – the 0805 
package is very standard for 
passives and LEDs.



The LED is close – The Hive carries 
5mm LEDs, not the 10mm I 
selected here.



Right click the LED to bring up the 
context menu, and select Replace.



This window should 
look familiar – it’s 
the Add Part 
window! 

Go ahead and 
search for LEDs 
again, and locate 
the LED5MM part. 
Click OK.



Voilà! The 5mm LED is inserted! 
Ratsnest to clean up the spacing.

Note: this replacement only works 
when the two parts have the same 
pin and pad names! 

Thus, it’s typically easier to actually 
go back to the schematic to change 
parts. 



The switch is similar, though 
finding the part is not as obvious 
– it’s called  “255SB”, which you 
can find by searching *sliding 
switch*.

If you’re planning to use a 
different switch, by all means, 
find that one instead.

How do I know this? Simple – I 
found the switch before I 
designed the board.

This is good practice. Know the 
parts you’re using before fabbing.



You’ll probably have to rotate the 
new part, or move it around, and 
then re-ratsnest, to get it back to 
DRC-shape.

Run the DRC again. It should tell 
you “DRC: No errors.” in the lower 
left corner of the window.



The battery holder is trickier 
because EAGLE’s default libraries 
do not have the correct parts.

So we must create our own.



To do that, we’re going back
Way back to the beginning.



Remember this window?

Go to File > New > Library.

Libraries are the structures that EAGLE uses to 
hold parts that you generate.

You can have as many as you’d like, divided 
however you want. Common ways are by 
manufacturer, part type, or project.



Each part consists of (up to) four parts:
1. The symbol is the schematic icon.
2. The 3D package is the 3D representation of the package.
3. The footprint is the layout of the part in real space, and is associated with a 3D package
4. The device is the completed part that associates a symbol with one or more footprints 

and 3D packages.

Typically, one starts by creating a symbol, so let’s do that. Click “Add Symbol”. Give the 
symbol a name in the ensuing popup – maybe “battery” or “CR2032 holder”.



This window should also look 
familiar! (I’ve hidden the left 
panels via the View menu, and 
hidden the grid with the grid 
window.)

Using the line, arc, polygon, 
circle, and rectangle tools, go 
ahead and draw the symbol for 
the battery you want.

Center this as close as you can to 
the origin! It’ll make your life easier.



Now we must add pins.

These are what the nets/wires 
connect to.

Notice how I centered mine.



This is a pin. The net will 
connect to the circle side.

Pins have a few parameters that can be 
set in the top toolbar:
1. Rotation (right click)
2. Type (clock, inverted)
3. Length of pin
4. Display (pin name and/or pad name)
5. Direction (e.g. IO, pwr, gnd)

Most of these you don’t have to set, 
though Length and Display are nice. (I 
will set Display to Pad Name only 
because this isn’t an IC)



Use the name tool to give your 
pins names so you can find them 
later.

Here, I recommend something 
like POS and NEG, but in an IC, 
the names come from the 
datasheet.



Here’s an example of an IC with 
pin names and numbers from a 
datasheet.

Not all datasheets will look like 
this, but all IC datasheets will 
have this information.



Once you’re satisfied with your 
symbol and have named your 
pins, you need to add two very 
special bits of text.

Open the text tool.

Notice the little (+) 
indicator I added for visual 
reference. 



This must be “>NAME” (capitals, no quotes).

This is the “Name” field. This will auto-
populate in the schematic with the part 
name.



Middle click to change the layer to the 
“Names” layer.

Add this to the symbol nearby.

Repeat with “>VALUE” on the “Values” layer. 
This will auto-populate with
the part’s assigned value.



The finished symbol! That was easy.



Now we need to make the footprint. 

Click the “Footprint” button in the top toolbar.

Call it “BS-3”.



Centering at the origin, you will use the same 
line-style tools to draw the exact footprint of 
your part.

A few things to remember:
1. Adjust the grid to make it easiest to snap to
2. Right click a piece and go to Properties to 

manually adjust the position. Very useful.



So… what does the footprint look like?

We have to go find the datasheet!



Holy moly.

This is a 
particularly 
annoying part to 
draw.

We will not be 
drawing it.



Instead, we’re going to approximate this as a 
circle.  (Radius (under Properties) is 500.)

You can go back and edit this at any time if 
you’d like to have this part.

Add the >NAME and >VALUE tags as well, on 
the tNames and tValues layers, respectively.



We can add through-holes to 
this footprint with the Pad tool.

If you have a surface-mounted 
part, you can add pads with the 
SMD tool.

Make sure they’re on the right 
layer! (Top, in this case)



Name the pads with the name 
tool. Probably whatever you 
named them in the symbol.



The “finished” footprint.



This is what the footprint 
actually looks like. It doesn’t 
look bad, but it’s very precise.



Finally, we need to 
associate the symbol 
and the footprint into 
a device.

Name it like “battery” 
or something similar.



This is the device creation 
window. 

First, add the symbol via the 
“Add Part” button.



Select the symbol and place 
it on the origin.

The origin will be the origin 
of the part, so definitely 
choose as close to the center 
as possible!



Next, we need to add the 
package. It’s a “local 
package” because we 
designed it by hand.

Choose the one you drew.



The package is added here.

Many different packages can be 
added for the same symbol (e.g. one 
LED symbol with many different 
packages).

Double click on the package to wire it.



In this window, you connect the pins in the 
symbol with the pads in the footprint. 

“Connect” connects the selected pin(s) and 
pad(s) together. 

“Append” will add the current pin to the 
selected connection.

“Disconnect” removes the connection.



All the pins should be connected to a pad.

Not all pads need to be connected to a pin!

Click OK when done.



Click “Description” to add a 
description. HTML can be 
used to get fancy.

The green checkmark 
indicates all pins are 
connected.



Don’t forget to save!



But wait!
There’s more!



This would be quite ridiculous 
for standard packages

And what if there’s already a symbol/footprint we want to use?



Let’s go back to the main 
library page. 
Click “Table of contents”.

(But first, probably save if 
you haven’t.)



Let’s say you want to use a symbol 
from another library in this library.

Easy! Go back to the main Control 
Panel screen.



Locate the ftdichip.lbr library.

Under “Symbols”, find “FT232R”.

Right click, and select “Copy to library”.

This copies the current selection to the 
currently open library, which in this case is 
the one we just made!

(Yes, we could have done this with the 
battery symbol.)

(In reality, you want separate libraries for 
different types of components, rather than 
a single library for everything.)



It will open the symbol in the 
symbol editor if you want to edit it.

Save whenever you are done 
editing and return to your Table of 
Contents (i.e. your library).



And there is it!

Now, we want to add a footprint 
for this symbol to get a device. The 
various footprint options are on 
the datasheet. There are two 
packages for this: an SSOP and a 
QFN. Let’s use the SSOP.



Yikes!
Thankfully, we don’t have to do this by hand 
because it’s a standard package.



Back in the Library, click “Import 3D 
Package” and select “Create with 
package generator”.



This is the Package Generator!

Here, we can select a package 
template, fill in some numbers 
from the datasheet, and then 
EAGLE will spit out both a footprint 
AND a 3D package!

For our SSOP package, scroll down 
and select “SOIC, SOP”.



Here, I’ve filled out all the numbers 
from the datasheet directly. 

Be aware: make sure your 
dimensions match the image 
above!

Once you’re done, just hit “Update 
Preview”.



WHOA! Auto-generated package, 
even with the name and value tags.

Hit “Finish” when done.



With the footprint and 3D package 
created, we can now go and create 
the FTDI232R device just as we did 
with the Battery device.



Whew!
That’s a lot.



What’s next?



There is so much more to 
EAGLE than just these basics

The internet is a wonderful tool for this.

(Adafruit and SparkFun have good tutorials)



And there are tons of board 
design resources as well

The internet is a wonderful tool for this, too.

This is old (2004) but still a good reference for some general rules.

http://www.alternatezone.com/electronics/files/PCBDesignTutorialRevA.pdf

http://www.alternatezone.com/electronics/files/PCBDesignTutorialRevA.pdf


Maybe you want to fab your 
design with us!

Follow this link to find out how!

https://docs.google.com/document/d/1QK1TelOTHfN8LDj2BWeyBgd3K6OifjnMeGM5SZnbpLk/edit?usp=sharing


Or send it out
(We’re not offended)



Either way, the circuits world 
is your oyster.

Be free!



And remember…



90% of your effort should be 
in placement!



Questions?


