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1.0 Introduction

EAGLE software is electronic design automation software created by

AUTODESK. EAGLE stands for Easily Applicable Graphical Layout Editor. It enables

printed circuit boards designers to easily create a layout of the board in the form of

schematic diagram, component placement, PCB routing and comprehensive library

content [1].

2.0 Features

Creating Schematic:Drawing circuit diagrams are very easy with EAGLE by using

their schematic editor. Circuit diagrams can be populated with components and parts

using an inbuilt component and device library. Parts and components can be placed on

many sheets and connected together through ports. The schematics are stored in a file

with extension .SCH. Components are connected through ports of the components and

line. This line can be defined within the software. For example analog ground (AGND)

can be defined and can be connected together. Similarly high potentials such as 3V

and 5V lines can be defined which are connecting similar component ports or inputs.

Creating PCB: The printed circuit board (PCB) layout editor helps the designer

with the layout of the circuit board which includes the placement of components and

parts. EAGLE is a very interactive software and allows the designer to easily change

the layout of the board. PCB editor stores the files with the extension .BRD.

Creating Gerber: Once the PCB layout is designed, it is ready to be printed on

the circuit board printer or milling machine. Printer software usually requires gerber files

which have all the information about the components, their connections with other

components via traces, drill holes and other details and silk screen. These are standard



file formats which are accepted by PCB fabrication companies. Some softwares save

gerber file as extension .grb. Files that are generated by the EAGLE are as follows:

1. TOP copper layer (.cmp) or component layer

2. BOTTOM copper layer (.sol) or solder layer

3. TOP Silk Screen layer (.plc)

4. BOTTOM Silk Screen layer (.pls)

5. TOP Solder mask layer (.stc)

6. BOTTOM Solder mask layer (.sts)

7. Layer of internal cuts (.gko)

8. Perforation layer (.ncd)

9. Drilling configuration file (.drl)

Circuit boards can be milled at our department, Department of Electrical Computer and

Biomedical Engineering (ECBE), Toronto Metropolitan University, Toronto. Most

important files are .cmp, .sol and .drl.

3.0 Printer

ECBE uses LPKF s103 ProtoMat S series mill/drill plotter system. The plotter uses the

motor speed of 40,000 to 100,000 revolutions per min (rpm) and moving at 150 mm/s

speed. It prints high-end and complex PCBs very fast with professional results. It also

provides high precision up to 0.26 micro-meter. This plotter/milling machine can provide

double-sided circuit boards. With high grade of automation, this machine is capable of

automatically exchanging tools, head illumination and camera detection of fiducials. It

uses patented software called CircuitPro for PCBs. This software is able to import

several CAD formats and is able to generate production data from these files.



4.0 Copper Boards

ECBE uses FR4 copper boards for the milling of PCBs. Epoxy resins are widely used in

electronic application because they are virtually impervious to moisture [2]. It has

outstanding mechanical and electrical strength as well as good dielectric properties.

Some of the properties of this material are moisture resistance, excellent flammability

rating, very good insulation and electrical properties.

5.0 Schematic and PCB Design

5.1 Creating a New Schematic Drawing

Follow these simple steps to draw a schematic using EAGLE software.

1. Click: Applications → Engineering → Eagle 6.5

Eagle Control Panel window will open, as shown in Figure 1..

Figure 1: Eagle software Control Panel used for designing schematic or PCB
layout.



2. Click: File → New → Schematic

This will open a new window for schematic drawing as shown in Figure 2.

Figure 2: Schematic window for drawing a new schematic.

3. Stretch the window to adjust viewing comfortability, as shown in Figure 3.



Figure 3: Schematic window stretched for better viewing and for ease of drawing.

4. Click: View → Grid → Display On

Schematic window will create a grid which makes it easier for the designer for the

placement of components. Schematic window with grid is shown in Figure 4.

Figure 4: Eagle schematic panel with grid.

Grid for the schematic window can be changed. Format can be changed

between in dots and lines, mm and inches and even the distance between dots

can be changed using the grid window as shown in Figure 5.

5.2 Adding Components

Components can be added to the schematic drawing from the add menu which is on the

side panel. Figure 6 shows the add component icon on the side panel. Once clicked it

will open another window with all general and some specific components depending on

the requirement..



Figure5: Grid panel for adjusting the grid format and distance between the
lines/dots.

Figure 6: Side panel icon to add components on schematic drawing.



1. Click on Add menu icon on side panel or components can also be added using

Eagle menu Edit → Add… This will open another Add window. These are the

components which are present within the library of Eagle 6.5. The designer can

also design their own components, but that topic is out of scope for this tutorial.

Figure 7: Add menu with the list of components.

2. Will try to add LM555 Timer chip with power and ground and some other

components to our drawing. Select LM555 from the library as shown in Figure 8

and click OK. Figure 9 shows the component being selected from the library and

placed on the drawing.

3. Figure 10 shows 2 more components added to the drawing. More components

can be added depending on the design. Figure 11 shown the connection

between the components using wire from the side menu.



Figure 8: Selecting LM555 from the library and clicking OK.

Figure 9: Component placed on the Eagle drawing.



Figure 10: Add more components depending on design requirement.

Figure 11: Connect the components using wire from the left menu.



5.3 Save Schematic Drawing

This is a good time to save the schematic. The Eagle software saves the file with .sch

extension. Click File → Save and another window will open and click Save as shown in

Figure 12.

Figure 12: Saving schematic drawing to home drive.

5.4 Converting Schematic design to PCB

Figure 11 shows a very simple schematic (for demonstration purpose). It is believed the

reader will have more components on the schematic drawing. Once the drawing is

populated with required components, the next step is to convert the schematic into a

PCB layout. This can be performed using Generate/Switch to board icon on the top

bar as shown in Figure 13.



Figure 13: Show the top menu icon to convert the schematic into a PCB layout or
to switch between schematic drawing and PCB layout.

Once the icon is clicked, a warning message will appear, this warning is because Eagle

soft is generating a PCB based on schematic drawing for the first time. Usually, this

icon is to switch between schematic drawing and PCB layout. Figure 14 shows the

PCB layout.

1. It is recommended to turn on the grid, same way it was turned on for schematic

design.

2. Move components for the PCB design, when placed it will provide exactly same

layout on the circuit board after printed on a milling machine. Figure 14 shows

the layout of the components.

3. Click on Route icon to make connection between the component pads. This will

be the actual connection and will be printed on the PCB. It can be noticed that

wires are converted into routes (yellow lines to blue lines) as shown in Figure 16..



Figure 14: Window showing PCB design layout area. Components are not placed
and this is a raw layout.

Figure 15: Use Move icon to move the components to desired location.



Figure 16: Route is used to create the connection between different pads of
different components or of the same component as needed.

NOTE: Remember wires can be routed and rerouted as the need arises, but wires

cannot be deleted in the PCB layout, it has to be deleted in schematic.

6.0 Generating Gerber Files

Generally Eagle generates files such as schematic and board files (.sch and .brd

respectively). These files are specific to Eagle software, however gerber files are

required for PCB manufacturing [3]. This section will provide steps to generate gerber

files for manufacturing.

6.1 Generating Drill Files

To create a gerber file in Eagle, drillcfg command needs to be executed.



1. Go to File → Run ULP → Drill configuration window will open up, click

“drillcfg.ulp”, and press Open, to generate corresponding configuration file, as

shown in Figure 17.

Figure 17: Open ULP to select drillcfg.ulp

2. Once you click Open, another window will appear, as shown in Figure 18, click

OK. A confirmation window will appear as shown in Figure 19, do not change

anything and click OK.

3. Finally, its time to save the drill file. Figure 20 shows the file name and location

of the drill file to be saved in the directory.



Figure 18: Drill configuration file for units, mm or inch.

Figure 19: Confirmation window to ensure the units.



Figure 20: Window to save the drill file.

6.2 Generating Drill Files

1. From the top menu go to File → CAM Processor, as shown in Figure 21.

Figure 21. Open CAM processor for more gerber files.



2. Go to File → Open → Job …, click on excellon.cam and press OK, as shown in

Figure 22. Click Open, then click Process job, as shown in Figure 23.

Figure 22: Open CAM job, using excellon.cam file.

Figure 23: CAM processor, for generating corresponding drillfiles.



6.2 Generating Gerber Files

1. From the top menu go to File → CAM Processor, as shown in Figure 21.

2. Go to File → Open → Job …, click on gerber274x.cam and press OK, as shown

in Figure 24. Click Open, then click Process job, as shown in Figure 25.

Figure 24: Open gerber274x.cam for generating gerber files.

3. Once the process is complete, all the drill files and gerber files can be seen in

your home directory. Files that are important for milling PCB board are as

follows:

a. .cmp (Component side file)

b. .dri (drill file)

c. .drl (drill file)

d. .sol (solder side file)

If it is a single sided board only solder side file is required, however if it is double sided

board than component and solder sides are required for PCB.



Figure 25: CAM job for generating gerber files.
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