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Install EAGLE
• Download EAGLE: http://www.cadsoftusa.com/download-eagle/
• Choose “Run as Freeware” during installation 

Create a New Project
• Launch EAGLE and you’ll be greeted with the Control Panel. 
• Expand the Projects tree, right click on the eagle folder, and select New Project.
• Name the project MOSFET Astable Multivibrator.

http://www.cadsoftusa.com/download-eagle/


The project folder houses both the schematic (.sch) and board (.brd) design files (and eventually the 
Gerber files too). To begin the design process, we need to first lay out a schematic.

Create a New Schematic
• Right click on the MOSFET Astable Multivibrator project folder, hover over New, and select 

Schematic.
• A new, blank window should immediately pop up. You’re now in the Schematic Editor. Save it with 

the same name as the project.

Schematic design is a two step process. First you need to add all of the parts to the schematic sheet, 
then you need to wire all the components together. You can intermix the two steps – add a few parts, 
wire a few parts, then add some more.

Add Parts to a Schematic
• Click on the ADD tool �  in the left toolbar to open up the library browser. You can see that there 

are hundreds of libraries available for you to use. Some of the libraries contain components of the 
same category (resistor, transistor, v-reg), while others contain components from each individual 
manufacturer (freescale, st-microelectronics, texas).

• Find the 0603 package surface mount resistor under resistor —> R-US_ —> R-US_R0603. Double 
click on the entry to obtain the part, and left click in the schematic editor to place the component. 



• If you want to place another resistor, left click again in the schematic editor; if you want to go back to 
the library browser and place a different component, press the Esc key once. Let’s press Esc twice 
to exit out of the library browser and return to the schematic editor.

• If you have accidentally placed some unwanted components on your schematic, you can use the 

Delete tool �  to delete them. Left click on the Delete tool, and left click on any unwanted 
components in the schematic.

• Also you can use the Move tool �  to move parts around on the schematic sheet once they’ve been 
placed.

• Let’s use the Rotate tool �  to rotate R1 by 90 degrees. Left click on the Rotate tool, and left click 
once on R1.

• Use the Copy tool �  to create a resistor R2 by making a copy of R1. Left click the Copy tool, and 
then left click on R1. While holding the new resistor, right click once to rotate it by 90 degrees before 
placing it on the schematic as shown above. 

• Now we can use the Value tool �  to assign values to these resistors. Left click on the Value tool, 
and then left click on R1 to give it a value of 220Ω, and R2 2MΩ.

• Then we use the Copy tool � again to copy each of the two resistors, and place them to the right of 
R1 and R2 so that then form a mirror image. These are all the resistors we need for this circuit. Let’s 
move on to place some other components.



• Now let’s place two BS170 MOSFETs on the schematic using Add � . In the library browser, we 
can search for the BS170 MOSFET by typing “BS170” in the search box and press Enter. Double 
click on the entry to obtain the part. 

• Middle click to Mirror the part while holding it, and place Q1 below R1. Then mirror the part again 
and place Q2 below R4. 

• Return to the library browser by pressing Esc, delete “BS170” you entered before in the search box, 
and press Enter. Expand C-US under the resistor library to find the 0603 package surface mount 
capacitor “C-USC0603”, and place two of them on the schematic sheet as shown below. Assign a 

value of 0.1uF to both C1 and C2 using the Value tool� .



• Let’s return to the library browser again to find some 5mm through-hole LEDs. Enter “led5mm” in the 
search box and then hit Enter. Double click on the entry to obtain the part, and then place two LEDs 
on the schematic sheet as shown below.

• The last component that we need to place on the schematic is a 1x2 holes for connecting to the 
positive and negative terminals of the 9V battery clip. Again, delete “led5mm” that you entered in the 
search box and hit Enter. Find the “pinhead” library, expand “PINHD-1X2” to obtain the part with the 
same name “PINHD-1X2”, and place it to the right of all the components on the schematic. Let’s start 
wiring up the components!

With all of the parts added to our schematic, it’s time to wire them together. There’s one major caveat 
here before we start: even though we’re wiring parts on the schematic, we’re not going to use the Wire 

tool �  to connect them together. Instead, we’ll use the Net tool � . The Wire tool doesn’t actually 
make any electrical connections.



Wire Up the Components
• To use the NET tool, hover over the very end of a pin (as close as possible, zoom in if you have to), 

and left click once to start a wire. Now a green line should be following your mouse cursor around. To 
terminate the net, left click on either another pin or a net. Let’s first make the electrical connections 
shown below. 

• Note that we now have two net Junctions in our schematic. Whenever a net splits in two directions a 
junction node is created. This signifies that all three or more intersecting nets are connected. If two 
nets cross but there’s not a junction, those nets are not connected.

• There are many different net styles to choose from If we want to draw a net that’s not a horizontal or 
vertical straight line. After starting to draw a wire, you can right click to cycle through all these 
different net styles: straight angle, 45 degree angle, and a straight line with a certain slope. Choose 
the style that makes the most sense for each net you draw. Let’s make the connections shown 
below.

Now that we have finished the schematic design, let’s start to design our PCB based on the schematic.



Just like the schematic design, board design is also a two step process. First you need to figure out 
where on the PCB you want to place each component, then you need to route all the electrical 
connections between them so that none of the wires overlap (short circuit). This is a very iterative 
process because if you’re unable to route the wires so that none of them overlap, you need to go back 
to step 1 and move some of the components around; once you’ve done that, you need to do step 2 
again because some previously routed connections need to be rerouted given the new locations of 
those components. 

Create a Board From Schematic
• To switch from the schematic editor to the board editor, simply click the Generate/Switch to Board 

icon �  located on the top toolbar (under the menu bar). Since this is the first time that we’re 
opening the board editor and there isn’t a board (.brd) file yet, EAGLE generates the following 
warning. Click Yes to create the board file from our schematic, and the board editor will then pop up.

• In the board editor, we can see the components that we’ve placed in our schematic (both surface 
mount and through-hole), the connections that we’ve made between them (those yellow airwires), 
and an outline of our PCB (the white rectangle).

• Clearly the default size of the PCB is too big for our project. Let’s use the Move tool �  to move the 
top and right edge of the board outline so as to make the rectangle smaller.



• We can use Grid to get a sense of how big the components and the board 
outline is. Click on the Grid icon right above the left toolbar. In the popup 
window, select On under Display, change Size to 50 mil (1 mil = 1/1000 of 
an inch) as shown below, and then click OK.

• When the board file is first created, all the components are placed outside of the board outline. We 
need to place each of them inside the board outline to make our PCB. Let’s start by using the Move 

tool �  to move R1, R4 and the two LEDs inside the board outline. Remember that you can rotate 
the components by right clicking while holding them with the Move tool. 

• You can see in the screenshot on the left that the resistance values of the two resistors overlap with 
the names of the two LEDs. This is not an issue because normally we don’t print out the component 
values on the PCB. We can hide the component values, as well as turning on/off other board layers, 

in the Layer Settings �  located on the left tool bar. Click on the Layer Settings, deselect tValues 
and bValues in the pop-up window and click OK. The component values should then disappear from 
the board editor.

• Let’s continue to use the Move tool to move the rest of the components inside the board outline. An 
example layout is shown below.

• One important thing you need to know at this point is that EAGLE doesn’t automatically recalculate 
the yellow airwires after you move the components around. Sometimes, the airwires displayed on 
the screen are not the most efficient way to make all the necessary connections between 



components. You can use the Ratsnest tool �  to ask EAGLE to recalculate the shortest airwires 
based on the current location of all the components. It is a good idea to click on the Ratsnest tool 
every time you move some components around on the board.

• As you can see the board outline is still too big for this project, so let’s go ahead and shrink it down a 

little more. Before moving the board outline, let’s use the Group tool �  to group all of the 
components and move them to the bottom left corner of the board outline so that we can keep that 
corner at the origin. Click on the Move tool first, then click the Group tool, and then drag across all 
the components to select/highlight them. Now right click on the components, and select 
Move:Group to move all the components together to the bottom left corner of the PCB. 

• Then instead of using the Move tool to move the top and right edge of the board, we can right click 
on them, select Properties, and change the starting and ending coordinates numerically as shown 
in the screenshot below. Click OK to save the changes.

• The final dimension of our PCB is 1” x 1”. Let’s now begin to route the electrical connections, i.e. the 
copper traces.



Routing is probably the most fun part of the entire PCB design process. It’s like solving a puzzle! Our 
job will be turning each of those yellow airwires into top or bottom copper traces. At the same time, you 
also have to make sure not to overlap two different signals.

Route the Board

• Let’s start by taking a look at the Route tool � . After selecting the Route tool, there are a few 
options to consider on the toolbar above:
• Layer: On a 2-layer board (copper on top and bottom), you need to choose whether you want to 

start routing on the top (1) or bottom (16) layer.
• Bend Style: Typically you’ll want to use 45° angles for your traces (wire bend styles 2 and 4). It is 

common practice to cycle through these bend styles by right clicking while routing each trace.
• Width: This defines how wide the copper trace is. Usually 0.01" is a good default size. You 

shouldn’t go any smaller than 0.006" (or you’ll probably end up paying extra). Wider traces can 
allow for more current to safely pass through.

• Via Options: Via is a tiny copper-plated hole that connects copper traces on top and bottom layers. 
Here you can set a few via characteristics: the shape, diameter, and drill size. Let’s use the round 
via with a 0.0236 drill size for this project. 

• Let’s change the layer to Top, width to 0.01, via shape to round, and route the traces shown below. 
We can start by left-clicking on a pin where a yellow airwire terminates. The airwire, and connected 
pins will “glow”, and a red line will start on the pin. You finish the trace by left-clicking again on top of 
the other pin the airwire connects to. Between the pins, you can left-click as much as you need to 
“glue” a trace down.

• If you want to reroute a trace in a different way, you need to use the Ripup tool �  to remove the 
routed trace and reroute it using the Route tool. Note that you can’t use the Delete tool to remove 
any routed trace, as EAGLE thinks that you’re attempting to delete the electrical connection 
altogether.



• After we’re done routing all the straight line traces, let’s continue to route the other ones with a 45 
degree bend style. Again, you can cycle through all the bend styles by right clicking while you’re 
routing the trace.

• Now there are only two airwires left to be routed. Each of the two is a little different from all the 
previously routed traces. The one connecting JP1 and Q2 can be routed on the bottom copper layer 
with a blue wire. Change the Layer from 1 Top to 16 Bottom, and draw a trace similar to what’s 
shown above.

• The one connecting C2 and R2 is a little more trickier. Since the trace between C1 and R3 on the top 
layer is blocking the connection between C2 and R2, we have to use the bottom layer to connect 
between them. However since C2 and R2 are surface mount components, we can only connect to 
them on the top copper layer. This means that we need to use Vias for routing this trace. The plan is 
to start the trace on the top layer (red), use a via to connect to the bottom layer, cross the trace 
between C1 and R3, then use another via to come back to the top layer, and finally connect to R2 on 
the top layer. An example is provided in the screenshot above.

• Are we sure there is no airwires left to be routed? We can check by clicking on the Ratsnest tool and 
look at the output displayed in the bottom left status box. If it says “Nothing to do!”, we know for sure 
that we’ve routed all the traces and there is no airwires left. Otherwise, it tells you how many airwires 
you still have in your board editor.



Ratsnest isn’t the only check we need to do to make sure there is no errors in our PCB design. We also 
need to do a rigorous Design Rule Check before submitting our PCB design to the fabrication house.

Design Rule Check
• Since we’ll be using OSHPark (oshpark.com) for the PCB fabrication, we need to download the 

Design Rule Check file (.drc) from their website and import it into EAGLE. Download the .drc file at 
https://oshpark.com/LaenPCBOrder.dru.

• In EAGLE, hover over Tools in the menu bar, and click on DRC. In the pop-up window, click on 
Load, and open the .drc file that you just downloaded. Now click Check in the DRC window, and 
look at the output displayed in the bottom left status box. If there is no errors, you should see “DRC: 
No errors.” Otherwise, it tells you how many errors you have in your design, and you’ll also see a 
window pop up on the bottom right corner of the board editor telling you what kind of errors you have 
in your PCB design.

http://oshpark.com
https://oshpark.com/LaenPCBOrder.dru


Upload the Design File
• Go to oshpark.com and click on Get Started Now. On the next screen, click on Select a file on your 

computer. Choose the “MOSFET Astable Multivibrator.brd” file in our project folder, and begin the 
upload process.

• While it’s uploading, fill out the project details and your email.

• After the design file is successfully uploaded, you’ll see the following page. Click Continue.

• On the next page you’ll be able to review every layer of you PCB design. If everything looks right, 
you can click on Approve and Order, and then check out on the following screen.

http://oshpark.com

