
Lab 2: 
Exploring Light Emitting 
Diodes (LEDs)

April 9, 2008

“One of the most meaningful experiences in my life 
was the day that we actually switched on our first 
white LED….at 1/10 of 1 watt and when we switched it 
on, I remember like it were yesterday, saying to my 
technician—’Good God! A child could read with the 
light of a single diode!’ ”
Dr Dave Irvine-Halliday, founder of Light up the World







Measuring Current and Voltage
To measure current, you need to force all the 
current to go into your current measuring device 
(multi-meter).  So no other path can be 
available for the current to take
To measure voltage, also known as the 
potential difference, you simply need to 
measure the potential energy on either side of 
the device you want to measure.

Series wiring

Parallel wiring

Multimeter

Multimeter



AC vs DC
Direct Current (DC)

Current you get from any 
battery

Alternating Current (AC)
Current in the wall plug
Changes from positive to 
negative 60 times per second 
(60 Hertz)

t, sec

Current 
(A)



Exploring LEDs



Anatomy of an LED



Light Emitting Diodes
What is a diode?

A two terminal electronic device made of a solid material 
that allows current (a flow of charge) to flow in only one 
particular direction
Light Emitting Diodes give off light when this current flows
For white LEDs useful for general lighting applications, the 
solid material that makes up the LED is called Gallium 
Nitride (GaN)

Other color LEDs use different materials
Before getting into what a diode is, first 
let’s explore a couple of questions:

What is GaN?
Where does it come from? +-



Gallium Nitride (GaN)
Quick chemistry crash-course!

Gallium (Ga): Group 3 3 electrons in outer shell
Nitrogen (N): Group 5 5 electrons in outer shell
Remember: Materials are happiest and most stable when 
they have 8 electrons in their outer shell

Ga N



How is the GaN LED 
Produced?

GaN doesn’t exist naturally
So to produce GaN for LEDs, we 
start with a very large, air-tight   
‘tin-can’ chamber
A vacuum is created inside the ‘tin 
can’ by sucking out all the air
Gallium atoms and Nitrogen atoms 
are introduced into the chamber 
with Ga and N ‘guns’
GaN forms when the Ga and N 
atoms mix
Molecular Beam Epitaxy (MBE) or 
Metal-Organic Chemical Vapor 
Epitaxy (MOCVD) are the technical 
names for the techniques used for 
LED production

Ga Gun N Gun

Air Out



GaN Material
Solid GaN forms as a regular crystal lattice of 
material, with the Ga and N atoms sharing 8 electrons 
between them therefore it’s a stable solid
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Air    

Air Bubbles and Water Drops
Consider two pipes sealed at both ends:

Bottom pipe completely filled with water
Top pipe contains no water--completely filled with air
When pipes are tilted, there is no movement or flow of water
Now consider the same pipes, but this time we will remove a 
drop of water from the bottom pipe and place in the top pipe:
Bottom pipe: Can think of it as water moving down, but easier 
and more intuitive to think of it as an air drop moving up 

Air

Water Water   

Water drop

Air bubble



What is a Diode? Part I
Now the question that remains is: What is a diode?
Let’s start the answer by looking at the GaN material 
previously described
Do you think this material 
will allow current to flow 
through it?

For current to flow, a free 
carrier of charge, like a 
free electron, is needed
So the answer is no, while 
this material has electrons, 
the electrons are used to 
bond the atoms together 
and are not free to move
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What is a Diode? Part I
What if a Ga atom is replaced with a Silicon (Si) atom?
Remember, Si is in Group 4

So Si has 4 electrons in its outer shell 

Si



What is a Diode? Part I
What if a Ga atom is replaced with a Silicon (Si) atom?
Remember, Si is in Group 4

So Si has 4 electrons in its outer shell 

N
Ga

Ga N

N

N

N
NN

N N Ga
GaGa

Ga
Ga

Ga
Ga

Ga
N

NN

N
Ga

Ga



What is a Diode? Part I
What if a Ga atom is replaced with a Silicon (Si) atom?
Remember, Si is in Group 4

So Si has 4 electrons in its outer shell 

N
Ga

Ga N

N

N

N
NN

N N Ga
GaGa

Ga
Ga

Ga
Ga

Ga
N

NN

N
Ga

Si

Do you think this material 
will allow current to flow?

Yes, now there is a free 
electron that is free to 
move and carry charge



What is a Diode? Part I 
What if a Ga atom is replaced with a Silicon (Si) atom?
Remember, Si is in Group 4

So Si has 4 electrons in its outer shell 
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Do you think this material 
will allow current to flow?

Yes, now there is a free 
electron that is free to 
move and carry charge

GaN ‘doped’ with Si is 
known as N-type since the 
carriers of charge are 
electrons--which have a 
Negative charge

N-type GaN



What is a Diode? Part II
What if a Ga atom is replaced with a Magnesium (Mg) atom?
Remember, Mg is in Group 2

So Mg has 2 electrons in its outer shell 

Mg



What is a Diode? Part II
What if a Ga atom is replaced with a Magnesium (Mg) atom?
Remember, Mg is in Group 2

So Mg has 2 electrons in its outer shell 
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What is a Diode? Part II
What if a Ga atom is replaced with a Magnesium (Mg) atom?
Remember, Mg is in Group 2

So Mg has 2 electrons in its outer shell 
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Note that there is a 
missing electron when the 
Mg atom takes the place 
of a Ga atom

Do you think this material 
will allow current to flow?

Yes, the missing electron, 
also known as a ‘hole’ is 
free to move and carry 
charge



Air    

Air Bubbles and Water Drops 
Revisited

Consider two pipes sealed at both ends:
Bottom pipe completely filled with water (anology to electrons)
Top pipe contains no water (electrons)--completely filled with air
When pipes are tilted, there is no flow of water (current)
Now consider the same pipes, but this time we will remove a drop of 
water (an electron) from the bottom pipe and place it in the top pipe:
Bottom pipe: Can think of it as water moving down, but easier and 
more intuitive to think of it as an air drop (hole) moving up 

Air

Water Water   

Water drop 
(free electron)

Air bubble 
(hole)

Analogy Credit: Prof 
JP Colinge, UC Davis



What is a Diode? Part II
What if a Ga atom is replaced with a Magnesium (Mg) atom?
Remember, Mg is in Group 2

So Si has 2 electrons in its outer shell 
Do you think this material 
will allow current to flow?

Yes, now there is a free 
electron that is free to 
move and carry charge

GaN ‘doped’ with Mg is 
known as P-type since the 
carriers of charge are 
‘holes’--which have an 
effectively Positive charge
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What is a Diode?
Answer: A PN Junction

N-type material has negatively charged free electrons able 
to carry charge 
P-type material has positively charged free ‘holes’ able to 
carry charge 
When a p-material is brought into contact with a n-material, 
the resulting device is called a PN junction, which is a type 
of diode
What’s so special about a PN junction?
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What is a Diode?
Answer: A PN Junction

What is a diode?
A PN junction is a type of diode, which is a two terminal 
electronic device made of a solid material that allows current (a 
flow of charge) to flow in only one particular direction

If we connect the positive end of the battery to N material
No current flow
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What is a Diode?
Answer: A PN Junction

What is a diode?
A PN junction is a type of diode, which is a two terminal 
electronic device made of a solid material that allows current (a 
flow of charge) to flow in only one particular direction

If we connect the positive end of the battery to N side
No current flow

Now, if we connect the positive end of the battery to P side
Current flows, light emitted when electrons and holes meet
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The Circuit



Demonstration



Group Composition
Group 1: Marion, Deyette, Atif, Daniel

Group 2: Kimberlyn, Jamie, Andrew, Tucker

Group 3: Dee, Scott, Jordan, Tony

Group 4: Jeff, James, Corey

Group 5: Robert, Aymen, Pong, Todd
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