
SIK BINDER //167

7
Additional Applications



SIK BINDER //168



SIK BINDER //169

Name:
Date:

CHAPTER 7
Fritzing Version 0.4.3, What is it?	

Ok, maybe you’ve created some sweet circuits using the SIK and now you’re wondering what is next. How do you turn 
your mass of components, wires and breadboard into something you can solder components onto and put into a tidy 
little package? Or in some cases a gigantic, take over the world, robot. If this describes you then you are looking to 
step up to the world of of virtual prototyping and printed circuit boards. Uh... what a second, what exactly does that last  
sentence mean?

You know all those circuits you have been putting together using your breadboard? Virtual prototyping is the process of 
recreating those electrical circuits in a computer application so you can turn them into a finished product. There are many 
different applications you can use for virtual prototyping, they range from fairly simple to very complicated. All of these ap-
plications create things called “Gerber files” which are the plans, or layouts, that an inventor can send to a printed circuit 
board manufacturer so the manufacturer can create the actual printed circuit board. This section explains how to use an 
introductory application called Fritzing.

Printed circuit boards are the boards inside of most electrical items. You have probably already seen them  
(they are everywhere). Printed circuit boards are also referred to as PCBs. PCBs are the second to last step of creating your 
invention. They are basically boards with electrical paths inside and on top for hooking up all the necessary components. 

Fritzing is a free, open source application with an established online community. Fritzing can be used to create single 
sided PCB layouts which you can send to PCB manufacturers for mass production. This is a big step so it is important to 
double and triple-check everything about your design before, during and after this process. You don’t want to spend money 
ordering a bunch of PCBs only to find out that you overlooked a detail and your final product won’t work like your prototype.

In order to properly use Fritzing you need to understand the three different views. The breadboard view is for recreating 
your own physical breadboard and components, the schematic view simplifies the connections and components for easier 
viewing and the PCB layout view allows you to place the actual leads and pins for connecting components.

 In order to help you create PCBs Fritzing outputs Gerber files and an etchable .PDF file. There are eight different types of 
Gerber files but Fritzing creates six because it only uses one side of the PCB. Gerber files and exporting are addressed at 
the end of this section.

Prototype to Product  //
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The Parts menu is where you will find all the components 
you will need to create your virtual prototype. The 
standards components, wires, PCB parts and even 
a ruler are already there, ready for use under the  
“Core” tab. The rest of the buttons in this menu are 
outlined below.

Bin tabs: Bins are lists of parts that are available for use in 
Fritzing, for your convenience you can create your own bins 
to hold only the parts you need for a particular project. If 
you wish to create your own “bin” of parts there is already 
another tab labeled “Mine” which you can use. Simply click 
on the tab labeled “Mine” to see the parts in this bin, drag 
and drop from the core menu to add parts or use the new 
part sub menu. Right click on a part to activate the part 
editor window for modifying it for your particular purpose.

Parts: This is where your parts are listed. The images give 
you an idea of what each part is. Place your cursor on a part 
to see the name and properties in the Inspector Menu. Right 
click on a part to edit, export or remove. The edit option 
will pop-up a part editor window.  You can edit the image, 
connections and properties of a part in this window. For 
more on this see Fritzing Part Creation.

Bin style: This button allows you to switch between two 
viewing styles. Try it out, see which you like.

Bin search: Enter the part or information about a part 
to find it. For example: to find a resistor with a value of 
220Ω you can enter either “resistor” or “220”, results are 
displayed in the “search” bin tab.

New part: This sub menu allows you to create or import a 
new part, and edit, remove or export an existing part. The 
new and edit options will pop-up a part editor window.  You 
can edit the image, connections and properties of a part 
in this window. For more on this see the Fritzing, New Part 
Creation section.

New bin: This sub menu allows you to control the bin tabs. 
You can create new bins, as well as open, save, export, 
close and rename existing bins.

// Fritzing Parts Menu 
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Part name and images: Pretty self explanatory, this is 
where information and images of the part you have selected 
are displayed. The three different images from left to right 
are the breadboard, schematic and PCB silkscreen images. 

Properties: This sub menu displays properties particular 
to the part selected. The family section displays the 
part’s component type. Below the family section various 
properties of the part are displayed. In this example 
resistance is an electrical value that you can change to fit 
your project’s needs. Rated power is the amount of power 
this resistor can safely tolerate. Pin spacing indicates 
the amount of space between the two pins on this part, 
at this point in development pin spacing only effects the 
PCB footprint so you will not see any difference in the other 
views. Other examples of properties you may see in this 
sub menu include: Capacitance, rated Voltage, component 
type (crystal or ceramic for example), package type, doping 
(impurity type of transistor), maximum resistance and more 
depending on the part!

Tags: This portion is in development, for now it includes 
information that designates where a part is located and text 
that can be used to search for the part.

Connections: Once you have placed a part in your virtual 
prototype the connections made with this part will show 
up in this menu. Place your cursor over the wires (AKA 
leads) on the part in the main view to see the connection 
information. The Conn. field displays how many items are 
connected to to the lead. The name and type fields display 
the name of the connection (pin1, pin0, wire1, wire2, etc.) 
and the type (wire, male, female, etc.).

The Inspector menu is where information about the 
currently selected part is displayed.

// Fritzing Inspector Menu 
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// Fritzing Layer Menu 
The Layers menu is where you can turn the various layers 
of the view on and off. Some of these layers are specific to 
the view, but others are available in all views. 

Breadboard Layer: Shows the breadboard, available only 
in breadboard view.

Parts Layer: Shows parts, available in all views.

Wires Layer: Shows wires, available in all views.

Part Labels Layer: In order to show the parts labels of a 
particular part right click on the part and select “show part 
label”, shows all parts labels, available in all views.

Nets Layer: Shows connecting wires that are not yet routed, 
available only in schematic view.

Board Layer: Shows the Printed Circuit Board, available 
only in PCB view.

Silkscreen Bottom Layer: This layer is in development (N/A), 
available only in PCB view.

Silkscreen Bottom (Parts Label) Layer: Same as Silkscreen 
Bottom Layer.

Copper Bottom Layer: Shows the copper around the 
connections, available only in PCB view.

Copper Top Layer: This layer is in development (N/A), 
available only in PCB view.

Silkscreen Top Layer: Shows images (AKA silkscreen) on 
PCB which indicate where parts are placed, text and images, 
available only in PCB view.

Silkscreen Top (Parts Label) Layer: In order to show the 
parts labels of a particular part right click on the part and 
select “show part label”, shows all images (AKA silkscreen) 
on PCB of parts labels, available only in PCB view.

Part Image Layer: This layer is in development (N/A), 
available only in PCB view.

Rat’s Nest Layer: Shows the most direct route between 
connected parts, available only in PCB view.

Notes Layer: Shows notes, available in all views.

Rulers Layer: Shows rulers, available in all views.

Name:
Date:
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// Fritzing Navigator Menu  

// View Menu Options

The Navigator menu is where you can switch between the three different views; Breadboard, Schematic and PCB.

Another cool aspect of Fritzing is that when you add or rearrange wires (or traces) in one view, you can see the results 
in the navigator menu images of the other views. So if you are paying attention you can tell when you have altered your 
original circuit in a view other than the Breadboard view.

Share: Upload your project to the Fritzing website for help, 
comments, or just to share how awesome your project is! 
Available in all views.

Add a note: Add a note about your project. The note will 
only display in the view you add it to. Available in all views.

Rotate: Rotate a part, available in all views.

Flip: Flip a part, available in breadboard and schematic views. 
Not available for all parts.

Autoroute: Place electrical traces automatically, the 
computer will only autoroute existing wire connections on 
your breadboard. Note that autoroute will leave connections 
unrouted and cross wires, so always double check this! You 
will need to route by hand. Not available in breadboard view.

Export Etchable PDF: Export a PDF with the traces and vias, 
for do it yourself PCB creation.

Percentage slider (set to 100% in the image above):  
Zoom, available in all views.

Breadboard view: Click on this section to display the 
breadboard view.

Schematic view: Click on this section to display the  
schematic view.

PCB view: Click on this section to display the PCB view.

Note: The Fritzing Parts, Inspector, Layer and Navigator 
windows are all re-sizable. It is also possible to undock these 
menu windows and place them where ever you like. 

Name:
Date:
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// Fritzing Breadboard View
The first of the three views in Fritzing is the Breadboard 
View. This is where you will recreate the physical prototype 
you created using your breadboard, Arduino, wires and 
components. In order to use Fritzing effectively it is 
important to actually create your physical prototype on a 
real live breadboard before using Fritzing. Believe me, it will 
save you a world of hassle in the long run.

Placing parts: To place parts click and drag from your parts 
bin to the breadboard, when the part is placed correctly 
and the leads of the piece are inserted in holes the leads 
will turn green instead of red. Pay close attention to this 
step, it is possible to correctly place some leads but not 
all the leads. Once a part is placed correctly all the other 
breadboard holes that are connected to the part will be 
highlighted in green. These green holes are where you can 
connect wires to provide an electrical path for this lead. 
Right click on placed parts for additional options.

Placing wires: To place wires click on a breadboard hole 
and drag. To move the wire click and drag either end. To 
create a bend in the wire double-click or click and drag 
anywhere along the wire other than the two ends. Right 
click on the wire for additional options.

Connections: To see all the wires and breadboard holes 
that are connected to any given point on the breadboard 
click and hold on that point. Any breadboard holes or wires 
that are connected will highlight in yellow.

SIK BINDER //174

Incorrectly placed part:

Partially correctly placed part:

Correctly placed part:

Name:
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// Fritzing Schematic View
The second of the three views in Fritzing is the Schematic 
View. This is where you can see the schematic version of the 
circuit you are creating in the breadboard view. This view is 
nice if you are familiar with schematics because everything 
is simplified and you can check your connections easily.

Nets layer: This layer displays the connections you created 
using wires in the Breadboard view. These connections, 
known as nets, are unrouted, meaning they do not have 
a copper trace. The schematic view is where you will 
create the first set of routes. Nets are displayed as thin 
lines of different colors. When you first enter the schematic 
view after creating a circuit in the Breadboard view all 
connections are displayed as nets and need routing. To 
create a route, simply click and drag from the two ends of 
the components you want to connect. Once the connections 
have been routed the net will no longer be visible because a 
thicker wire line will overlay it.

Wires layer: This displays the routes that have been 
created. Connected route ends are highlighted in green, 
unconnected route ends are highlighted in red.

Autoroute: While Fritzing 0.4.3’s autorouter is a step up 
from the original, you will need to double check the routes 
it creates as well as creating some on your own. To the  
right of the autoroute button there is a status field that tells 
you how many nets have been routed and how many are 
still unconnected.

Hand routing: Let’s face it, computers aren’t all that great 
at creative solutions, you’re going to have to create your own 
net routing time and time again. I promise it will get easier 
as you do it more often until it requires little to no thought. 
To make it easier for others to read your schematic make 
sure that the routes do not cross each other unintentionally. 

Unconnected parts: It is possible to place parts in the 
Breadboard view without connecting them. Unconnected 
parts will appear highlighted in red. To connect them 
in the Schematic view simply click and drag. This is  
not recommended as it will change your breadboard 
circuit without your knowledge. It is extremely confusing  
when you switch back to the Breadboard view and  
discover your circuit wires look nothing like the wires you 
originally placed.

Additional options: Right click on nets, wires and parts for 
more options including changing the circuit, autorouting a 
single net at a time and deleting wires and nets. Be careful 
with this option because it will actually delete wires and 
traces from the other views.

Name:
Date:
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// Fritzing PCB View (part 1) 
The third of the three views in Fritzing is the PCB View. This 
is where you can see the Printed Circuit Board version of 
the circuit you are creating in the breadboard view. This is 
what the actual finished Printed Circuit Board will look like 
before you solder the components onto it. 

The PCB: The green rectangle that represents the actual 
board you are placing part “footprints” (the electrical 
contacts you will solder the parts to) on. The PCB is also a 
part you can find in the core parts bin, it looks like a green 
square.

Arranging parts: PCB manufacturers usually charge a flat 
rate plus an amount that depends on the size of your PCB, so 
it’s a good idea to try and create as small a PCB as possible. 
Even if you are planning on etching your own board using 
Ferric Chloride (talk about a cool science project!) smaller 
traces will use less of your materials and time, as well as 
creating less frustration. Rearranging parts in the PCB view 
will not effect the parts in the other views.

Traces: Traces are the copper paths that connect the 
various parts on your PCB. In the PCB view unconnected 
traces look like plain black lines running from part to part. 
Every single unconnected trace should be turned into a 
connected trace by clicking and dragging from one end of 
the unconnected trace (at the connector) to the other end of 
the trace (the other connector). Clicking once in the middle 
of the unconnected trace will also create a trace, but it will 
put a bend in the trace as well.  

Connector: Connectors are the circles in parts that connect 
the part to the board and traces. Connectors with any 
type of trace (connected or unconnected) are displayed 
as green dots with yellow outlines. Connectors with no 
traces are displayed as red dots with yellow outlines, pay 
special attention to these connectors because usually all 
connectors need traces. To see what connectors are directly 
connected to each other click and hold on a connector. All 
other attached connectors will highlight in yellow.

Silkscreen layer: The silkscreen layer is where part 
outlines, text, and images are displayed. For example if you 
are creating a PCB to control an autonomous marshmallow 
catapult you might place the text “Catapult Brain v. 2.0” 
along with part outlines on your PCB so anyone putting 
together the board will know where to put the parts as well 
as what the board is used for.

Name:
Date:
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// Fritzing PCB View (part 2)

Jumpers: Sometimes there is no way to connect all the 
traces on a board without crossing traces over each other, 
which will short out the traces. To avoid this use a jumper. 
A jumper is two connectors that are left untraced so later 
you can attach a wire “jumping” from one connector over 
the trace to the connector on the other side. To place a 
jumper click and drag the jumper to where you wish to 
cross a trace, then click and drag from one connector on 
the jumper to the connector on the part. Do this with both 
sides of the jumper. If you have correctly placed the jumper 
it should look like a blue line crossing a trace. When you 
click on one side of the jumper all traced connectors will 
highlight in yellow, indicating you have correctly placed  
the jumper.

Vias: Vias are holes with copper lining the inside. On two 
sided PCB designs vias are used in place of jumpers to 
switch a trace from one side of the board to the other. To 
place a via simply click and drag the part to where you 
want a via.

Silkscreen text: Often a PCB designer will need to put some 
text on the PCB for one reason or another. The silkscreen 
text part is designed for that purpose. To place silkscreen 
text click and drag the Silkscreen text part onto your board. 
Use the Inspector menu to change the text displayed. This 
part can also be used to place images.

Silkscreen image: If you’ve got a sweet logo you want to 
put on your PCB this is the part you will use to place it. 
To place a silkscreen image click and drag this part onto 
your board. Click on “Load Image” in the Inspector menu to 
load an image you have created for the board, then select 
the image from the drop down menu just above the “Load 
Image” button.

Design Rules Check: To use the Design Rules Check 
click on the Trace menu and select Design Rules Check. 
The Design Rules Check checks your PCB design for 
overlapping parts and traces. The tool displays the number 
of overlapping parts (includes parts and wires) in text below 
the PCB View. This tool will not check for overlapping traces 
that have not yet been connected. Make sure to run this tool 
before you consider your design finished.

Programming window: To open the Programming window 
click on the Window menu and select “open Programming 
window”. The Programming window is an experimental 
feature in development. It can be used for Picaxe and 
Arduino programming. This window plays the same role as 
the Arduino Environment, but is not intended to replace it.

Copper fill: To create a copper fill click on the Trace menu 
and select Copper Fill. To remove a copper fill click on the 
Trace menu and select Remove Copper Fill. A copper fill is a 
layer of copper inside the PCB. You can treat this layer like 
a huge wire, in more advanced PCB layout software it is 
often used as a ground connection. It is possible to connect 
existing traces to the copper fill by moving the trace after 
creating a copper fill. Be careful with this option though 
because if you refill the copper it will insulate all wires from 
this layer.

Special Parts and Tools to Note:
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Date:
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// Fritzing PCB View (part 3)

Place the parts with the most connections in the middle 
of the board.

Try to get short connections by moving and rotating 
parts.

Use the highlighting of equipotential connectors 
feature.

Add bend points for tidy routing and so that lines do 
not cross.

Don’t forget the traces can go under parts like resistors.

Use jumper wires instead of watching the auto-route 
go crazy.

To achieve a better and nicer design, you would need to edit 
traces by moving, adjusting width and adding bend points. 
Width adjustment can be done in the Inspector. Please note 
that thin traces might ruin a DIY PCB production (if the 
traces are too thin the electrical current will not be able 
to flow properly), so keeping traces in medium thickness 
is safer.

To adjust the trace or wire width click on the trace and 
select Width in the Properties submenu of the part Inspector 
Menu.

Routing Tips and Tricks (From the Fritzing Website):

Adjusting Trace and Wire Width:

Name:
Date:
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Once you have become familiar with Fritzing and virtual 
prototyping you may find that a part you are working with 
on your physical breadboard is not present in the Fritzing 
library. Your first move should be to see if you can find a 
part in the existing library that is similar to the part you are 
working with. If you can find a similar part, then all you need 
to do is edit the existing virtual part so it matches the one 
you are working with. 
	
To do this drag and drop the similar part to your view 
window. Open the part editor by either right clicking on 
the part and selecting Edit or selecting Edit under the  
Part menu.

The pop-up Fritzing Parts Editor window will look like the 
example below. If you have an internet connection definitely 
check out the guidelines for editing and creating parts.

Images: Load images you have created for each of the 
three views at the top of the Parts Editor. The image on 
the left should look like the physical part, the image in the 
center should be a schematic representation of the part 
(all leads must be shown) and the image on the right is 
simply an image of all the leads present on the part. The 
leads on these images are very important, without the 
proper connections your PCB will not work. You may also 
wish to include a silkscreen image of the part so you do not 
try to place the footprints too close together on the PCB. 
If the parts are too close together you will not be able to 
physically fit them next to each other on the PCB.

Specifications: Various text fields that provide information 
about the part. These do not actually effect the virtual part, 
but provide information about the part for users.

Connectors: This is the most important portion of editing 
a part. The next page is dedicated to the connectors menu.

Saving: Each sub-menu inside of the part editor will ask 
you to either save or cancel the changes you make. At the 
very bottom of the parts editor are the buttons labeled Save 
as New Part, Save and Cancel. When editing an existing 
part always Save as New Part in order to avoid permanently 
changing the part in case you will need it later in the 
prototyping process.

// Editing Existing Parts in Fritzing
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// Editing Connector Parts in Fritzing
Connectors are very important for PCB layout. The 
connectors are where the parts are actually connected 
to the PCB and traces. Make sense, huh? Because 
connectors are so important you need to make sure that 
the information about the connectors in the parts you edit 
or create are correct and in the proper places.

The process of creating new parts in Fritzing uses the exact 
same set of menus and options that editing an existing 
part does, only you will need to fill in every single field and 
compare every connector to the physical part because the 
New Part fields start completely blank.

Online Fritzing Libraries: 
http://fritzing.org/parts/

Help with creating parts: 
http://fritzing.org/learning/tutorials/creating-custom-parts/

Connection type: The type of connection present on the 
physical part. The three options are Male, Female and Pad. 
Pad is the connection used in surface mount soldering.

Connection label: The label on the part label layer, often 
an abbreviation.

Connection explanation: An explanation of the  
connection label.

The images in the Fritzing Parts Editor indicate the location 
of the connectors with bounding boxes, circled in red in 
the image to the right. You can move and resize these 
bounding boxes to reflect the physical connectors.

Creating New Parts in Fritzing

For more help with editing and creating parts:
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// From Fritzing to Physical PCB
OK, you’ve checked and double checked your virtual 
prototype to make sure it matches the physical prototype 
on your breadboard. You’ve checked and double checked 
the PCB layout in Fritzing and you’re ready to take the final 
step of virtual prototyping; exporting PCB layout files so you 
can create a physical PCB!
	
There are two ways you can export the necessary files to 
create your physical PCB. The standard option is to export 
Gerber files, zip them and send them to a PCB prototype 
facilitator such as BatchPCB. A facilitator allows you, the 
inventor (that’s right you are now officially an inventor), to 
purchase your prototype boards one at a time instead of 
five or ten at a time, because, let’s face it, there might be 
some errors.

Exporting files for a PCB prototype facilitator: Create a 
folder to hold the Gerber files and only the Gerber files. Go 
to the File drop down menu, click on Export and select To 
Gerber. This will pop-up a window asking you where you 
would like to save the files, find the folder you created, 
select it and click OK. If you have not already created a 
folder there is also a Create Folder option. This will create 
five Gerber files and a text file. Zip all these files and send 
them to your friendly PCB prototype facilitator. Sit tight for 
a couple weeks and when your PCB prototypes show up in 
the mail, if you have the parts on hand, you’re ready to start 
soldering everything together!

The second option for PCB prototype creation is to export 
an etchable PDF file and create the PCB yourself. No matter 
how you attempt this second option it requires some fairly 
advanced technology. 

Exporting files for etching your own PCB: This first step 
is pretty easy, just click on the Export Etchable PDF button in 
the PCB view and save wherever you like. Actually etching 
the PCB is a whole different topic, here’s a link to get you 
started:

Fritzing tutorial: 
http://fritzing.org/learning/tutorials/pcb-production-tutorials/diy-pcb-etching/

PDF, PostScript, SVG, PNG and JPG:
Image file formats.

List of parts:
Text file format listing the parts and components necessary to create 
your prototype.

Etchable SVG:
Similar to Etchable PDF, a different image file format.

XML Netlist: 
Code file format.

For help etching your own PCBs: 

Other export file type options:
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