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Executive Summary

PCBs, or Printed Circuit Boards, are all around us. Almost every single piece of
electrical technology contains a printed circuit board that is used to control a specific
application. There are numerous modern tools that are used to develop printed circuit
boards. Learning how to construct and fabricate a PCB using design software can
prove to be a very useful tool for any electrical engineer. PCB design software gives
engineers the ability to be creative, innovative, and cost effective when designing any
piece of circuitry. One of the most advanced and well-known software programs is
EAGLE. EAGLE stands for Easy Applicable Graphical Layout Editor. It is a very
powerful design software that is tailored to meet the needs of professional engineers,
hobbyists, and students worldwide. It provides a fast learning curve through the
existence of online manuals and active user forums. The openness of Eagle’s
extensive and fully-open component libraries eases the design process for all.
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Introduction

Using Eagle, an engineer or a hobbyist has the capability to create millions of different
schematics using the tens of thousands of free component libraries available. Rather
than using a large breadboard as a prototype schematic, a PCB layout can be easily
created using the Eagle software. Creating a PCB is more robust and compact. It
encourages the development of creative layouts and designs.

Developing a PCB on Eagle software can be broken down into a few sections or steps.
The first step is to create a schematic. This involves adding components from existing
libraries. If a component cannot be found in an existing library, the user can also create
a component footprint and add it to the schematic. After creating a schematic file, the
next main step is to transform the schematic file into a board file in order to place
components and route traces on a PCB of any desired length and width. This board file
can then be easily transformed into a file that can be sent out to a PCB fabrication shop
to be printed.

Objective

The obijective of this application note is to describe and outline the process of
developing a schematic using Eagle. The first objective is to become familiar with the
general layout of the Eagle user interface and the various available tools. After
understanding the layout of the software, the next step can be implemented. This step
involves adding or creating components in order to initiate the construction of the
schematic. After adding all of the required components to the schematic file, circuit
construction can now be set in motion. Movement and rotation of components, routing
of wires to specific pins, and the assignment of nets will be the useful skills learned and
understood from the circuit construction. After constructing a working circuit, the next
step will be to test and verify every connection using the “show” tool and the “electrical
rule check” tool. This allows for the transfer of the schematic file to the board file for
PCB fabrication. After reviewing this application note, it is expected that basic
knowledge and understanding of the Eagle software will be obtained.



Getting Started

In the first section of this application note, basic setup steps will be walked through.
Before getting started in the program, it is important to know if the computer to be used
is compatible. Figure 1 below is a list of the system requirements in order to use the
Eagle software.

System requirements

« Windows XF. Windows Vista, Windows 7, Windows 8.

The &4 bit EAGLE version requires a 64 bit version of the

operating system

« | inux based on kernel 2.6 for Intel computers, X11 with a
minimum color depth of 8 bpp, libssl.s0.1.0.0 and
libcrypto.so.1.0.0. For the 64-bit version a 64 bit operating
system is required and libc.s0.6 with sub version GLIBC_2.14
or higher

« Mac OS X version 10.8 to 10.10 for Intel computer

Figure 1: System Requirements

Using a desktop that is compatible with the Eagle software, the first step is to launch the
program. The first time the program is launched, a message will pop up saying that a
directory for Eagle does not exist. Simply select “Yes” to create a directory in order to
work on Eagle projects.



The directory

‘Wilerl .egr.msu.edulcifs.homedir\My Documentsieagle

doesn't exist!

EAGLE needs this directory to store your projects, If you don't want to create this
directory now, or if you want to use a different directory, you can answer "No”
here and make the proper adjustments later in the Control Panel under "Options/
Directories”.

Create it?

Figure 2: Creation of a Directory

Selecting “Yes” will open up a control panel. From here a new project needs to be
made in order to create a design schematic. This can be done by expanding
“Projects”, right clicking on the “eagle” directory, and selecting “New Project”.

File  View Options
4 " -
Name Description

I» Documentation
Libraries Libraries
Design Rules Design Rules
User Language Programs User Language Programs
Scripts Script Files
I CAM Jobs CAM Processor Jobs
Projects
I @ eagle
i W examples Examples Folder

\\filerl.egr.msu.educifs.homediriMy Documentsieagle

Figure 3: Creating a New Project

Next, the newly created project folder needs a name. For this application note, the
folder will be titted MOSFET Circuit, since this is the circuit that will be created. This
created project folder contains both the schematic file and the board file to be created.



Since the goal of this application note is to show the development of an Eagle
schematic, the next step is to right click on the new project name “MOSFET Circuit” and
select “New” and then “Schematic”.

This opens up a blank schematic file like the one shown in figure 4 below.
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Figure 4: Blank Schematic File

This is where parts will be added and the schematic will be constructed and routed. On
the left side of the screen is the tool box. This is where you can change layers, copy
components or circuits, move components or circuits, wire pins to each other, and so
on. Most of the tools needed to construct the circuit schematic will be in this tool box.

Now that the schematic user interface is understood, the next step is to add or create
components for the MOSFET circuit schematic.



Selecting or Creating Components

Before selecting components to add or create in the schematic file, it is important to
understand the circuit that is being built. A helpful way of doing this is to hand draw the
schematic to be constructed on a piece of paper to help with the layout and design.

Once the circuit components and the functionality are understood, the next step is ready
to be implemented.

In order to add a component, select the “Add a part” button in the toolbox on the left.
This is referenced in Figure 5 below.
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Figure 5: Button to Add a Part

The first component to add is a resistor. After selecting the “Add a part” button, move
down to the search box and type “resistor”. Numerous items appear after doing this. It
is important to know exactly which type of resistor will be used. It is possible to select
surface mount resistors or through-hole resistors. For this MOSFET circuit,
through-hole resistors are to be used. Since the goal is to manually solder the circuit
components onto the board after fabrication, the important thing to consider is the
resistor package that corresponds to the correct resistor dimensions. For example, if a
simple color code resistor is going to be used, a resistor component with a length of
around 7.5mm should be chosen since that is a close approximation to the actual length
of a through-hole color coded resistor. This will make it easier to solder the resistor to
the PCB leads. In this case, package 0204/7 shown in Figure 6 below is perfect for the
MOSFET circuit. On the left hand side is an expanded view of the specific libraries and
the parts it holds. On the right hand side is a description and illustrations of the selected
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part. The left picture is the schematic component and the right picture is the board view
of the component.

i ScH ADD x

Mame = Description

4 R-US_ RESISTOR, American symboal
R-U.. 0204V
R-U.. 0204/5
R-U.. 0204/7 i
R-U... 020772V | _WW_ :@J’ @‘:
R-U... 0207/5V o~ bl 5.7,
R-U.. 020777
R-U... 0207/10
R-U.. 0207/12
R-U.. 0207/15 |Tn5",“m—l

R-U.. 0309/10
R-U... 0309/12 RESISTOR, American symbol

m

R-U.. 0309V Package: 0204/7
R-U.. 0411V
R-U.. 0411712 RERILIOR
R-U.. 0411715 type 0204, grid 7.5 mm
R-U.. 0414V
R-U.. 0414/15
R-U.. PO613V
R-U.. P0613/15
R-U.. 0617V
R-U.. 0617/17
R-U.. 0617/22 Attribute  Value
R-U... PO8LTV
R-U.. P0817/22
R-U... 0922722
R-U... 0922V
R-U... R0O1005
R-11 1812X7R
[¥] Pads [¥] smds [¥] Description [V] Preview

Search  EI resistor -

Attributes E3 -

l oK | | Cancel

Figure 6: Selecting a Resistor

After selecting this resistor, Eagle will now allow for placement of the resistor anywhere
on the schematic file. Since the MOSFET circuit also contains NPN and PNP
transistors, a Zener diode, and an N-Channel MOSFET, these will now need to be
added to the schematic file in order to move onto the next step in the schematic
process. These components are a little more challenging to find. The best way to find
these components is to google search the part number in order to find the datasheet.
Normally from the datasheet, the package name will be listed. For example, an NPN
transistor with a part number of 2N3565 will need to be added to the schematic. From
the datasheet, it was found that the package name for a through-hole component is
TO92. This is a very useful piece of information. Since the package name and the part
number of the NPN transistor are now known, the component can be searched in the
library just like how the resistor was searched. This is why it is very important to have a



schematic with all of the components labeled with their respective part numbers prior to
developing in Eagle. Figure 7 below shows the correct NPN transistor needed.

SCH ADD =
=

MName Description

4 transistor Transistors
2N3565 NPM TRANSISTOR

4 transistor-neu-to82  NPN Transistors 4
2N3565 NPM TRANSISTOR @

4 transistor-npn NPMN Transistors 0 6
2M3565 MPM Transistor /

3
NPN TRANSISTOR

Package: TO92

TO92

=
Attribute | Value

[¥] Pads [¥] 5mds [¥] Description [¥] Preview
Search  E} 2n3ses -
Attributes E3 -

o) Coma )

Figure 7: Selecting an NPN Transistor

The same process should be followed for the Zener diode and the N-Channel MOSFET.
After adding these components, the final component to add is a terminal block in order
to connect the MOSFET circuit to a power supply and ground.

Since the specific terminal block required for the circuit is not in any of the Eagle
libraries, a footprint will have to be manually created. This process is a little more
challenging than just adding a component from an Eagle library.

The first step in creating a component is revert back to the control panel window shown
in Figure 3. Right click on the MOSFET Circuit project folder and select “New” and then
“Library”. This will open up a file that contains three separate sections: Device,
Package, and Symbol. This is where the terminal block will be created.
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The first step is to create a package. At this point in the process, it is very important to
have a copy of the component datasheet open in order to locate and understand the
component dimensions. Figure 8 below shows the dimensions of the terminal block
from the datasheet.
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Figure 8: Terminal Block Dimensions

It is also important to know the units used in the datasheet. Next, select the package
symbol as shown in Figure 9 below.

He & ‘:3: _§ NCYC
e
Figure 9: Package Symbol

In the next page, it will ask to enter a name for the package. Enter any name that
makes sense. For this schematic, “TERM_BLOCK” was entered. Then select “Yes”.
This will open up a board layout where the package will be constructed according to the
dimensions. Before building the component, it is important to change the units so that
they correspond with the units used in the datasheet. This will make it a lot easier to
create the component. Since the dimensions are in “mm” on the terminal block
datasheet, the units were switched to “mm”. How this is done is shown in Figure 10
below.
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Figure 10: Changing the Grid Units

The “size” is the size of the squares on the board layout. Right now, the squares are
set to 0.05 inch x 0.05 inch. These were changed to 0.01 mm x 0.01 mm.

The next step is to draw the package outline. This is done using the “wire” button in the
toolbox on the left. The outline of the terminal block component should be identical to
the dimensions in the datasheet. The board file is laid out using a coordinate system.
Therefore, the outline can either be drawn using the wire tool or the vertices of the box
can be entered into the formula bar on the top of the board file.

It is easy to understand from the data sheet that in order to make a four circuit terminal
block (one more circuit than the one shown on the data sheet), the width of the package
needs to be 60 mm and the length needs to be 31 mm. The wire tool is utilized to draw
a box with these dimensions as shown below in Figure 11.

r

Figure 11: Outline of Terminal Block
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The next step is to add pads to the terminal block package. To do this, you need to
select the “pad” button in the toolbox on the left. From the datasheet, you can find
where each pad should be placed based upon the location of each pin. Figure 12 below
shows the terminal block pad placement using the information from the datasheet
referenced earlier.

Figure 12: Terminal Block with Pins

This is the end of the package creation. The user also has the ability to add text to the
package using the “T” button in the toolbox.

Now that the package is created, it is time to create the symbol. Click on the button that
says “symbol”. This will open up a box where you can enter in a name. Choose the
same name that was used for the package.

Next, select the “pin” button in the left toolbox. Add the same amount of pins to the
schematic as there are pads in the package. For the terminal block, the 4 left-most pins
are all shorted together, therefore only one pin is needed for that group of 4. The same
is true for the 3 groups of pins to the right. This means that there will be 4 total pins in
the symbol for the terminal block. After adding the 4 pins to the diagram, the next step
is to draw a rectangle. This is done with the wire tool. Figure 13 below shows the
finished symbol.

13
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Figure 13: Terminal Block Symbol

Now it is time to create a device. Click on the “device” button in the top left corner.
Give it the same name as the symbol and package. The screen will now look like this.
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Show table of contents 0

Figure 14: Device Creation Screen

In this screen, the next step is to add a part. From the library, add the part. In this
case, the 4 circuit terminal block. The next step is to add a package. Select “New” on
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the bottom right and add the terminal block package and give the package variant a
name. Now the pins are ready to be connected. Click “connect on the bottom right.
This screen will pop up. This is where the pins will be connected.

|B Connect TERM_BLOCK 1 (TERM_BLOCK) (e
Pin Pad Connection
MName Name e P?n Pad
G51.P51 P§1
GS1.ps2 P52
GS1.P5S3 Ps3 =
G51.PS4 PS4
PS5
PSo
Ps7
Ps8
P53
P510 fi
Connect ] [ Append | { Disconnect ]
Copy from:
i)

Figure 15: Connecting Pins

Select the pin in the left box and then select the corresponding pad in the middle box.
After both are highlighted, select “Connect”. This will connect the pin to the pad. Do the

same for the rest of the pins.

The last step is to save the new device under the same directory that the project you
are working on is in. The library will now be visible in the control panel.

Building a Schematic

Now that all of the correct components are in the schematic file, the next step in the
design process is to wire the schematic. This is done using the “net” tool, NOT the
“wire” tool. Figure 16 below shows the location of the “net” tool.
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Figure 16: Net Tool
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Now it is time to connect the circuit. After looking at the schematic on paper, wire each
component to the correct location. Make sure not to overlap the wires on the pins.

A net junction, a little green dot in the schematic file, will show up when a successful
connection is made in the schematic. The MOSFET Circuit schematic is shown in
Figure 17 below.

Figure 17: MOSFET Circuit Schematic
Now that the schematic is created, it is possible to add names to each of the
components. This is done using the “name” button in the toolbox. This will make

placing the devices in the board file much easier.

Now that the schematic is created, it is now time to move to the final part of the
schematic assembly, testing the schematic for connection errors.
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Testing a Schematic

This section of process is arguably the most crucial step. It makes sure that all of the
connections are verified and that there are no errors before the transfer of the
schematic file content to the board file. It is important to make sure and double check
that the schematic file is 100% error free before routing the board file. This is done

using the “Electrical Rule Check” system. The button for this can be found in the
toolbox as shown in Figure 18 below.
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Figure 18: ERC and Error Buttons

By pressing the left button, the system will run an electrical rule check. If there are any
errors, they can be seen by clicking the caution button on the right. This will bring up a
window like the one shown in Figure 19 below. This is where any connection errors will
be shown, whether it be a wire overlap or an unconnected pin.

g6 ERC Errors =

Type B Sheet Module
Consistency not checked (no board loaded)
Errors (0}

Warnings (0)
Approved (0)

Figure 19: ERC Error Window
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Once the ERC Error Window shows zero errors and you know that all of the
connections are correct, then you are now ready to transfer the schematic file to the
board file.

Wiring a schematic in Eagle is relatively simple if you understand all of the functions that
are available to use. It is important to check each and every connection before moving
to the board development. Without a correct schematic, the board will not work. Make
sure that you pay close attention to detail while wiring the schematic in the schematic
file. This will make the entire design process much easier moving forward.
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