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LEDs 
 
LEDs are amazing little devices that turn electricity into light.  While the details of the 
physics that allows that to happen is beyond this text, we do need to know a couple things 
about them to make them work for us.  Specifically, electricity only follows one way 
through them and we need to limit the amount of electricity that flows to prevent them 
from burning out. 
 
Start with the one way flow of electricity issue first.  All LEDs have a little mark on their 
base to tell you which way to put them in the circuit.  This mark comes in a couple 
different forms on the ring at the base of the LED (Figure 9).  It could be a flat spot in the 
ring or a notch.  The lead closest to this mark must be connected to the more negative 
voltage.  That is the one closer to the negative side of the battery.   
 

 
Figure 9: LED polarity mark (flat or notch) 

 
It would be a real hassle to try to draw an LED or to take a picture of one every time an 
engineer wanted to write down a new circuit.  In fact we don’t need a photo like image of 
an LED when we write down circuits.  All we need is a symbol.  Preferable one that is 
quick and easy to draw.  A set of such symbols have been developed they are called 
schematic symbols and the “drawing” or “picture” of a whole circuit made up of these 
symbols is called a schematic.  The schematic symbol for an LED is: 
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Figure 10: Schematic Symbol for an LED 

 
The flat bar across the bottom corresponds to the flat spot or notch on the ring at the base 
of the LED and should be connected to the more negative side of the circuit. 
   
The other issue with using LEDs is limiting the amount of electricity that can flow 
through them.  An electronic component called a resistor (See Figure 11) is used to limit 
electricity, electric current to be more precise.  We will use a resistor with a value of 470 
Ohms of resistance.  Not sure about the word “Ohm” read the text box.  
 
 
 

What is an Ohm? 
 
No, this Ohm does not have anything to do with sitting in the lotus position and touching 
your thumbs to your third fingers.  It is the last name of the scientist that first explained 
resistance to the flow of electricity.  Maybe you have heard of Ohm’s law?  Ohm’s law 
says that the more resistance to the flow of electricity there is in a circuit the less 
electricity flows through that circuit. More on this in Chapter 4: under “Electric current, 
Ohm’s Law, and the water analogy” 

 
Resistors come in a wide range of values.  Bands of color are used to tell the value of a 
given resistor.  There is a color code that explains how to read these bands. It is really a 
rather ingenious system that, with only four colors, is able to describe values from 1 Ohm 
to 9,000,000 Ohms.  For now you don’t need to understand the resistor color code you 
just need to know that 470 Ohms is indicated by a yellow band, a purple band, a brown 
band and a gold band.  (If you want to know more go to the internet and look up “resistor 
color code.”) 
 

 
Figure 11: A 470 Ohm Resistor 

 
The schematic symbol for a resistor is:   
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Figure 12: Schematic Symbol for a resistor 

  

An LED circuit 
 
Find one of the yellow, purple, brown, gold resistors and one of the LEDs.  You will also 
need battery holder that was hooked up to the butterfly (the one that holds 3 AAA’s).  
Build the circuit in Figure 13.  Make sure you connect the negative wire from the battery 
holder (the black one) to the negative buss (blue) and the positive wire (red) to the 
positive buss (red).  
 

 
Figure 13: LED circuit  

 
For this rather simple circuit it was not very difficult to explain in words how to connect 
the components.  However imagine the difficulty of explaining in words how to connect 
dozens or even hundreds of components.  Never fear engineers have already solved this 
problem. (Engineers are good at that whole problem solving thing).  They use the 
schematic symbols that we talked about earlier. Connecting the symbols makes a map or 
schematic that describes how to connect the components.  Here is the schematic diagram 
for the circuit in Figure 13 above. 
 



Chapter 2: Quick Start Guide 
 

27 

 
Figure 14: Schematic for a current limited LED 

 
We have added two new symbols, one for the positive 3 volts and one for the negative 
side of the battery or ground. 
 
Note that the schematic does not tell you which sockets in the breadboard to use.  In fact 
it does not even tell you to use a breadboard.  It just tells you the order and connectivity 
of the components.  
 
Important: Learn to build circuits from schematics not just from pictures.  Later 
when you make up your own circuits there will be no picture to follow.  It is also much 
easier to make wiring mistakes when following a picture rather than a schematic.  We 
feel so strongly about this that many of the circuits in this book will only appear as 
schematics.  Enough lecturing, if you haven’t already go ahead and build the circuit. 
 
When you connect this circuit the LED should light up.  That is pretty cool. (OK it 
doesn’t take much to make us happy, which we will point out means we’re happy a lot of 
the time.)  But let’s try something more interesting.  Let’s use that powerful 
microcontroller to control that LED. 
 

Controlling One LED with the Butterfly  
 
Remember when we said that we had access to Port D of the ATmega169 through the 
connector on the bottom edge of the Butterfly?  Well it is time to connect that port to the 
outside world, specifically to your LED.  (Just a word of caution, don’t try connecting 
the motors directly to Port D you may fry the Butterfly.  Motors have nasty habits 
of drawing large amounts of current and creating voltage spikes either of which can 


