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Photoresistors 
The name itself should tell us what this component does. "Photo" is for light and "resistor" is to resist 

the flow of current.  Let’s go into detail to understand what it is and how it works.  

Photoresistors, also known as Light Dependent Resistors (LDR), Cadmium Sulfide cells (CDS cells), 

Photoconductors, and sometimes simply Photocells, act as a variable resistor that controls the amount 

of resistance by converting energy from the sun to electrical energy, much like solar panels.  Resistance 

in a Photoresistor inversely varies with the amount of light it is exposed to.  Bright light = Less resistance 

and Low light = more resistance.  These sensors are used to make light sensitive devices and are often 

found in things like street lights, toys, or outdoor clocks.  If you have ever wondered how a street light 

turns on at night and switches off at morning, you will likely find a cheap photoresistor circuit inside it.  

Note: Phototransistors/Photodiodes/ 

Photovoltaic cells are altogether 

different; do not confuse them with 

photoresistors. 

 

 

 

 

 

 

 

But how do they work?  

The working principle of a photoresistor is relatively simple.  Electricity is simply movement of electrons 

within a material.  Conductors have low resistance and insulators have high resistance. The third 

category is semiconductors which fall between a conductor and an insulator.  A Photoresistor is made of 

a semiconductor with very high resistance with only a few free electrons.  When light falls on this 

material, photons from light are absorbed by the material and energy is transferred to electrons which 

break up, resulting in lower resistance and higher conductivity.  When exposed to low light, the 

resistance in a Photoresistor can be several mega-ohms (5-20 MΩ dependent on the type & size) and in 

bright light it results in as little as a few hundred ohms.  Also, photoresistors are non-polarized, meaning 

it can be connected either direction in a circuit. 

You can easily connect the leads with a multimeter on resistance mode and check resistance of your 

photoresistor.  Face it towards bright light and check the resistance.  Now place your hand or cover it up 

with tape and check the resistance again. You see that the resistance drastically increases once you 

cover the photoresistor. 

http://learn.adafruit.com/assets/456
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For our robot circuitry we tend to use Cadmium Sulfide cells which come with their own advantages and 

disadvantages. Knowing the problems beforehand helps in deciding whether we need to use it or 

consider any other available options. 

Advantages: 

Cheap and will not make a hole in your pocket if you spoil a few. 

Commonly found in most robot hobby shops. 

Available in different sizes with different specifications. 

Easy to design and implement them in circuits. 

Drawbacks: 

Highly inaccurate. Each one behaves differently than the other.  If the first one has a resistance 

of 150Ω in bright light, the second one can have 500Ω of resistance in the same light. 

They cannot be used to determine precise light levels. 

Very slow for sensitive applications.  If you put a Photoresistor in a speeding robot and tell it to 

stop at an obstacle, you end up seeing your robot crash.  

Although there are other drawbacks, it is always a great choice for beginners due to its simplicity. 

Although Photoresistors increase voltage with an increase in light, an intelligent circuit can make it work 

backwards with a combination of resistors. As an example, if you design a LED which dims with more 

light and brightens up in the night, you would require this circuit. 

 

 

      (Note: The green wire connects to the circuit) 

 

 

 

 

 

 

Light sensing circuit             Dark Sensing Circuit  

 (Voltage Increases with Light)   (Voltage Decreases with Light)  
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Transistor Basics 
A transistor is like a dimmer switch that can be turned on or off by applying a voltage to it. 

Transistors are probably the most important electrical component created.  After all, computers tend to 

have billions of them.  But not just computers; almost everything today that is remotely electrical 

probably has them. Your car, your washing machine, your microwave… The list goes on. 

 

A transistor can be thought of in basic terms as a device with three terminals, usually called collector, 

base and emitter.  The chief property of a transistor is that when voltage is applied to the base, current 

is allowed to flow between the collector and the emitter. 

Head’s up: Transistors can get REALLY hot! 

There’s a lot more to transistors, and they come in many types.  It can be a bit complicated, so we’ll take 

it one step at a time.  For today, we are using model 2N2222a NPN transistors. 

(see http://www.youtube.com/watch?v=-td7YT-Pums for some great transistor info!) 

Light Sensing Circuits 
Let’s do something with these parts now.  If we connect our Light Sensing Circuit to a transistor’s base 

pin, connect the collector pin to power, and connect the emitter to a resistor and LED, the resulting 

circuit will turn on when given light. 

The amount of light needed can be controlled using larger or 

smaller value resistors connected to the Photoresistor. 

To calculate the ideal resistor value, use the following: 

Resistor value = Square Root ( Rbright times Rdark ) 

(Where Rbright and Rdark are the resistance of the 

Photoresistor in light and dark.) 

For example, if the resistance of the Photoresistor in dark is  

130 kΩ (130,000 Ohms), and in light it is 30 kΩ, then: 

Square Root ( 130 kΩ * 30 kΩ ) = 62.44 kΩ 

   Huh? 

Light Sensing Circuit 

(TIP: Reverse the Photoresistor and resistor 

to create a Dark Sensing Circuit, or night light) 

http://www.youtube.com/watch?v=-td7YT-Pums
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Let me explain: 

For light sensing circuits, the resistor pulls current away from the transistor (or “pulls down”), so a lower 

resistor lets more Amps through to negative and pulls more power away, making the Photoresistor need 

more light to activate the transistor.  (More light = less resistance = more through the Photoresistor) 

If we were to use a dark sensing circuit (like a night light), it is reversed: the resistor provides current to 

the transistor and the Photoresistor pulls current away; so, a higher rated resistor will provide less 

current to the circuit and the Photoresistor needs less light to pull the current away. 

Photovore Robot 
Ready?  Let’s make a robot! 

 

Our robot will use Photoresistors and 

transistors to follow a light.  How about 

we call this a “Photovore.”  Like a 

carnivore or herbivore, a “Photovore” 

consumes light.  (In our case, it’s simply 

seeking light.) 

For this to work, the robot needs at least 

two light detecting sensors out in front 

and spaced apart from each other, one on 

the left side of the robot, the other 

located on the right side. 

Building two light detecting circuits, as 

described earlier, we want to control the 

opposite wheel from the light source, so 

we can turn to robot towards the light. 

 

 

 

 

 

So, when connecting the motors, make sure you connect them to the circuit on the opposite side of the 

robot if you want to chase light.  (You can instead make it run away from light by connecting the motors 

to the detector circuit on the same side, if you like.) 
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Here’s an example of what the circuit might look like: 

 

 

  

Right Motor 

 Left Motor 
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Sources: 

http://www.robotplatform.com/electronics/photoresistor/photoresistor.html 

http://www.societyofrobots.com/schematics_photoresistor.shtml 

http://www.societyofrobots.com/programming_photoresistor.shtml 

http://letsmakerobots.com/node/37195 

http://learn.adafruit.com/photocells 

http://www.engr.sjsu.edu/bjfurman/courses/ME106/ME106pdf/photoresistor-atmel.pdf 

http://en.wikipedia.org/wiki/Photoresistor 

http://en.wikipedia.org/wiki/Transistor 

http://www.youtube.com/watch?v=-td7YT-Pums 

http://www.robotplatform.com/electronics/photoresistor/photoresistor.html
http://www.societyofrobots.com/schematics_photoresistor.shtml
http://www.societyofrobots.com/programming_photoresistor.shtml
http://letsmakerobots.com/node/37195
http://learn.adafruit.com/photocells
http://www.engr.sjsu.edu/bjfurman/courses/ME106/ME106pdf/photoresistor-atmel.pdf
http://en.wikipedia.org/wiki/Photoresistor
http://en.wikipedia.org/wiki/Transistor
http://www.youtube.com/watch?v=-td7YT-Pums

