Organic Light-Emitting Diodes (OLEDs)
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Organization: Lawrence Hall of Science

Contact person: Rashmi Nanjundaswamy and Lizzie Hager-Barnard

Contact information: rashmin@berkeley.edu, 510-642-3153 and 



            lizziehb@berkley.edu, 510-642-3153
General Description
Type of program: 
Classroom activity (that is best suited for high school students or adults)

Note: There is a separate, related version of this activity that can be done on a museum floor as a cart demo. 

In this classroom activity, students learn about organic light-emitting diodes (OLEDs).  During the activity students make OLEDs, learn how OLEDs work, and discover what devices currently use OLEDs.  Students also learn about spin coating since a spin coater is used to create the OLEDs.
Program Objectives

Big idea: 

In this activity, students learn about organic electronics and how they are changing the display industry.  Students discover that there are many advantages to organic electronics and that OLEDs are already used in many consumer electronics.  Students also learn what spin coaters are and why they are used.
Learning goals:

As a result of participating in this program, students will learn: 
1. That many consumer devices now use OLEDs
2. The advantages and disadvantages of OLEDs
3. What organic materials are
4. What a spin coater is
NISE Network content map main ideas:

[ x ] 
1. Nanometer-sized things are very small, and often behave differently than larger things do.
[ x ] 
2. Scientists and engineers have formed the interdisciplinary field of nanotechnology by investigating properties and manipulating matter at the nanoscale.
[ x ]
3. Nanoscience, nanotechnology, and nanoengineering lead to new knowledge and innovations that weren’t possible before.
[  ] 
4. Nanotechnologies have costs, risks, and benefits that affect our lives in ways we cannot always predict.

National Science Education Standards:

[ x ] 
1. Science as Inquiry

[  ] 
K-4: Abilities necessary to do scientific inquiry

[  ] 
K-4: Understanding about scientific inquiry
[  ] 
5-8: Abilities necessary to do scientific inquiry
[  ] 
5-8: Understanding about scientific inquiry
[x] 
9-12: Abilities necessary to do scientific inquiry
[  ] 
9-12: Understanding about scientific inquiry

[ x ] 
2. Physical Science

[  ] 
K-4: Properties of objects and materials
[  ] 
K-4: Position and motion of objects
[  ] 
K-4: Light, heat, electricity, and magnetism
[  ] 
5-8: Properties and changes of properties in matter
[  ] 
5-8: Motions and forces
[  ] 
5-8: Transfer of energy
[x] 
9-12: Structure of atoms
[x] 
9-12: Structure and properties of matter

[  ] 
9-12: Chemical reactions

[  ] 
9-12: Motions and force

[  ] 
9-12: Conservation of energy and increase in disorder

[x] 
9-12: Interactions of energy and matter
[  ]
3. Life Science

[  ] 
K-4: Characteristics of organisms
[  ] 
K-4: Life cycles of organisms
[  ] 
K-4: Organisms and environments
[  ] 
5-8: Structure and function in living systems
[  ] 
5-8: Reproduction and heredity
[  ] 
5-8: Regulation and behavior

[  ] 
5-8: Populations and ecosystems
[  ] 
5-8: Diversity and adaptations of organisms

[  ] 
9-12: The cell

[  ] 
9-12: Molecular basis of heredity
[  ] 
9-12: Biological evolution
[  ] 
9-12: Interdependence of organisms
[  ] 
9-12: Matter, energy, and organization in living systems
[  ] 
9-12: Behavior of organisms

[  ] 
4. Earth and Space Science

[  ] 
K-4: Properties of earth materials
[  ] 
K-4: Objects in the sky
[  ] 
K-4: Changes in earth and sky
[  ] 
5-8: Structure of the earth system
[  ] 
5-8: Earth's history
[  ] 
5-8: Earth in the solar system
[  ] 
9-12: Energy in the earth system
[  ] 
9-12: Geochemical cycles

[  ] 
9-12: Origin and evolution of the earth system
[  ] 
9-12: Origin and evolution of the universe
 [ x ] 
5. Science and Technology

[  ] 
K-4: Abilities to distinguish between natural objects and objects made by humans
[  ] 
K-4: Abilities of technological design
[  ] 
K-4: Understanding about science and technology
[  ] 
5-8: Abilities of technological design
[  ] 
5-8: Understanding about science and technology
[x] 
9-12: Abilities of technological design
[x] 
9-12: Understanding about science and technology
 [  ] 
6. Personal and Social Perspectives

[  ] 
K-4: Personal health
[  ] 
K-4: Characteristics and changes in populations
[  ] 
K-4: Types of resources
[  ] 
K-4: Changes in environments
[  ] 
K-4: Science and technology in local challenges
[  ] 
5-8: Personal health
[  ] 
5-8: Populations, resources, and environments
[  ] 
5-8: Natural hazards
[  ] 
5-8: Risks and benefits
[  ] 
5-8: Science and technology in society
[  ] 
9-12: Personal and community health
[  ] 
9-12: Population growth
[  ] 
9-12: Natural resources
[  ] 
9-12: Environmental quality
[  ] 
9-12: Natural and human-induced hazards
[  ] 
9-12: Science and technology in local, national, and global challenges
[  ] 
7. History and Nature of Science

[  ] 
K-4: Science as a human endeavor
[  ] 
5-8: Science as a human endeavor
[  ] 
5-8: Nature of science
[  ] 
5-8: History of science
[  ] 
9-12: Science as a human endeavor
[  ] 
9-12: Nature of scientific knowledge
[  ] 
9-12: Historical perspective
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25–60 minutes
     90 minutes
                  15 
Background Information
Definition of terms

General terms related to nanoscience and nanotechnology 
Nano is the scientific term meaning one-billionth (1/1,000,000,000). It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1-100 nanometers. A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as shorthand to refer to any or all of these activities.
Definition of terms, continued
Program-specific terms
· diode:  an electrical device where charge primarily flows in one direction
· LED:  LED stands for light-emitting diode.  LEDs turn (convert) the flow of electronic charges into light.  “LED” is pronounced by saying each letter separately, as in “L-E-D”.  
· OLED:  OLED stands for organic light-emitting diode.  OLEDs turn (convert) the flow of electronic charges into light.  “OLED” is pronounced like oh – led.
· organic:  organic materials contain carbon bonded to hydrogen

· inorganic:  non-organic materials (substances that are not organic)
· LCD:  liquid crystal display; liquid crystal display are currently more common than OLED displays
· active layer:  the layer in electronic devices where conversion occurs; in OLEDs electrical current is converted into photons (light), while in solar cells light is converted into electrical current 
· polymer:  a large molecule composed of repeating structural units, called monomers
· conductance:  how easily electrons (electricity) flows through a material

· semiconductor:  describes a material that has electrical properties in between those of conductors and insulators (electricity flows easily through conductors but doesn’t flow through insulators); electrons can flow through semiconductors, but not as easily as they flow through conductors

· conducting polymer:  polymers that conduct electricity (polymers that electric charges can flow through)

· doped:  a doped material is one that had impurities added to it; doping is often done to change the conductance of the material 

· band gap:  The band gap of a material determines which photons can be absorbed or emitted.  Band gaps apply to inorganic semiconductors.  In semiconductors there are two sets of energy levels – the conduction band and the valence band.  The difference between the bottom of the conduction band and the top of the valence band is the band gap; the band gap has energy units, such as electron volts (eV).
· orbitals:  mathematical functions derived from quantum mechanics; an orbital represents a region of physical space where there is a high chance of finding an electron
Definition of terms, continued
Program-specific terms, continued

· HOMO-LUMO gap:  Like the band gap, the HOMO-LUMO gap determines which photons can be absorbed or emitted.  The HOMO-LUMO gap applies to organic semiconductors.  The terms “HOMO” and “LUMO” refer to specific molecular orbitals.  HOMO means the highest occupied molecular orbital, while LUMO means the lowest unoccupied molecular orbital.  The HOMO-LUMO gap has energy units, such as electron volts (eV). 
· holes:  the absence of an electron; while device schematics sometimes indicate the flow of holes and electrons, holes are not charges or particles – they represent the absence of an electron at a particular location

· radiative recombination:  an electron and hole combining and generating light (a photon)

· substrate: a supporting material, such as a glass slide or plastic sheet

· work function:  the minimum amount of energy required to remove an electron
· electrode:  an electrical conductor; electrons can either flow into or out of an electrode, depending on whether the electrode is an anode or a cathode
· anode:  the electrode where electrons flow out of a device
· cathode:  the electrode where electrons flow into the device
Program-specific background
** Many terms are defined in the program-specific glossary on the previous two pages. **
What is an OLED?  What does it do?
OLED stands for organic light-emitting diode.  OLEDs turn (convert) the flow of electronic charges into light.  OLEDs can be used to make screens and displays, such as cell phone or television screens.  A good overview of how OLEDs work is at http://electronics.howstuffworks.com/oled.htm/printable.
Notes on pronunciation:  “OLED” is pronounced like oh – led, which is pretty straightforward.  But the funny thing is that if you’re just talking about light-emitting diodes in general (LEDs), “LED” is pronounced by saying each letter separately, as in “L-E-D”.  So, if you were to refer to a single light-emitting diode, you’d say “an L-E-D”.
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Schematic of the OLED made in this activity
What’s so great about OLEDs?

OLEDs don’t require a backlight, because they emit light directly, so they consume less power.  On the other hand, LCDs – one of the main competitors to OLEDs – actually block the light coming from a backlight.  (LCDs are liquid crystal displays.)  This makes OLED displays cheaper to operate, compared to LCDs.  

Other advantages of OLEDs:

· It’s much easier to make flexible OLEDs than flexible LCDs

· OLEDs have higher contrast
· OLEDs are thinner
· OLEDs have a wider viewing angle

So why aren’t all our displays made out of OLEDs?  (1) It’s hard to make blue OLEDs that have good lifetimes; (2) manufacturing costs are currently high; and (3) water and moisture can damage OLEDs.  However, scientists are making significant progress in improving OLEDs, so in the future more of our consumer devices will have OLED displays. 
What consumer products use OLEDs?

Currently OLEDs are most commonly used in devices with small displays, like cameras and cell phones.  For example, Google’s Nexus One cell phone uses an OLED screen.  However, OLEDs are being introduced on larger screens.  In 2011 Sony released a 25-inch OLED monitor.

Here are some examples of when OLEDs first appeared in different devices:

· In 1997 Pioneer introduced the first OLED car stereo display                  http://pioneer.jp/topec/jigyo/oled/index-e.html
· In 2003 Kodak made the first digital camera with an OLED display http://www.kodak.com/US/en/corp/pressReleases/pr20030302-13.shtml
· In 2007 Sony produced the first OLED television http://www.sony.net/SonyInfo/News/Press/201206/12-0625E/
What do OLEDs have to do with nanotechnology?

OLEDs must be supported by something – by substrates such as glass or flexible plastic.  But ignoring the substrates, the total thickness of the rest of the layers in an OLED display device can be less than 500nm.  So, ignoring the substrates, OLEDs are large nanoscale devices.  So since the most important layers of the OLED, like the organic polymers, are nanoscale, many people think of OLEDs as examples of nanotechnology.
OLED structure

An OLED is like a sandwich. The most important layer in an electronic device is the active layer, where conversion takes place.  In an OLED this conversion turns electrical current into light, so the layer is called the emissive layer. The active layer is deposited (coated) on a substrate (a supporting material), which is typically glass, though plastic is becoming popular.  
Active layers in OLEDs
What does the term “organic” in “organic light-emitting diode” refer to?  Organic refers to the fact that the active layers in OLEDs are made from organic materials.  Organic materials contain carbon bonded to hydrogen.  Examples of organic materials are sugar, wood, and methane.  
Note: In the context of biochemistry (and science in general), the term “organic” does not refer to how food is grown.  In this activity, “organic” refers to the scientific definition, and not organic products that you can purchase, like organically grown chicken or milk.  For more information, read the Wikipedia entry for “Organic food,” which has a good description of the difference between organic molecules and organic food. 
These organic materials can be made of either small molecules or large molecules called polymers.  A polymer is a large molecule (macromolecule) composed of repeating structural units. These sub-units are typically connected by covalent chemical bonds.  From an efficiency point of view small molecule OLEDs are better.  However, many companies are focusing on polymer OLEDs because polymers can be directly printed on flexible materials!
The molecules and polymers used in OLEDS belong to a special category of polymers that are semiconducting.  When considering electrical properties, materials are generally separated into three classes: conductors, semi-conductors, and insulators.  Electricity flows easily through conductors, but does not flow through insulators.  Semi-conductors can conduct electrons, but not as well as conductors can.  Many semiconductor devices only conduct under certain conditions, such as voltages above the voltage threshold. 
Like inorganic materials (such as silicon), many molecules and polymers are doped to tune how conductive they are.  Scientists dope materials by introducing impurities.  This sounds bad, but when impurities are introduced in a very controlled way they can be very helpful.  In fact, most electronic devices rely on doping.  A good way to imagine doping is to think about how adding salt to water increases the conductivity significantly.  For more information on doping, visit the following websites:
· http://hyperphysics.phy-astr.gsu.edu/hbase/solids/dope.html
· http://electronics.howstuffworks.com/diode1.htm/printable
· http://www.pveducation.org/pvcdrom/pn-junction/doping
How OLEDs work
If you are not familiar with the physics behind diodes, it may be helpful to read up on this first.  There are many websites that cover this, including the following:

· http://ffden-2.phys.uaf.edu/212_fall2003.web.dir/Marvin_Casanova/physics.htm
· http://en.wikipedia.org/wiki/P%E2%80%93n_junction
· http://www.st-andrews.ac.uk/~jcgl/Scots_Guide/info/comp/passive/diode/pn_junc/pn_junc.htm
· http://ecee.colorado.edu/~bart/book/book/chapter4/ch4_2.htm
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Schematic of the OLED made in this activity
OLEDs turn (convert) the flow of electronic charges into light.  The basic operating principles for the OLEDs made for this activity are as follows:

· Electronic charges are transported to and injected into the polymer from the electrodes: electrons from the cathode, and ‘holes’ from the anode  

· ‘Holes’ flow from the anode into the device, through the PEDOT:PSS layer, and into the MEH:PPV layer


· PEDOT:PSS is the hole transport layer

· MEH:PPV is the emissive layer (the “active” layer)
· The electrons and holes ‘capture each other’ (recombine through electrostatic (a.k.a. charge-charge) interactions)
· This process is called radiative recombination
· This radiative recombination of electron and hole generates light (photons)

· The wavelength of the emitted light depends on the HOMO-LUMO gap of the emissive organic layer (MEH:PPV)
Note: bold words in the above bulleted points are defined in the glossary.

OLED colors
The HOMO-LUMO gap of the emissive layer determines the color of the OLED.  The HOMO-LUMO gap for organic semiconductors is roughly analogous to the band gap of inorganic semiconductors.  See the references list at the end of this section for more information on HOMO-LUMO gaps and band gaps.  

The HOMO-LUMO gap determines what light is emitted because it controls which photons are absorbed.  Only photons that have an energy that is equal to, or greater than, the HOMO-LUMO gap can be absorbed by a material.  For example, beta-carotene, the pigment responsible for carrots’ orange color, absorbs mostly blue light.  Higher wavelength (lower energy) light, such as yellow and red, are not absorbed, which is why carrots appear orange.  Similarly, MEH-PPV, the emissive layer used to make the OLED in this activity, emits a yellow-orange color (the emission peak is around 570–600 nm).
Side note: Many polymers look colorless or white to our eyes.  This is because their HOMO-LUMO gaps are so large that they do not absorb any visible light.  (The opacity depends on whether light is scattered by the material.) 
The HOMO-LUMO gap depends on the conjugation of molecules.  Conjugation has to do with the overlap of a certain type of orbitals.  Conjugation strongly affects the HOMO-LUMO gap, so it strongly impacts the color of a material.  For a further discussion of this topic, check out the following websites:

· http://www.chem.ucla.edu/harding/ec_tutorials/tutorial21.pdf
· http://www.chemguide.co.uk/analysis/uvvisible/theory.html
· http://butane.chem.uiuc.edu/pshapley/GenChem2/A7/3.html
Materials used in OLEDs
· A transparent conducting anode with a large work function is deposited (coated) on a substrate, such as glass or a flexible plastic.

· Indium tin oxide (ITO) is one of the most common anode materials

· A conducting polymer layer which transports and injects holes into the active layer

· This layer (PEDOT:PSS) is called the hole injection / transport layer
· A thin light-emitting polymer layer less than 100 nanometers thick 

· This layer (MEH:PPV) is called the emissive layer
· A metallic cathode with a low work function is deposited (coated) on a substrate, such as glass or a flexible plastic

· An example of a cathode material is a barium/aluminum bi-layer

· For this activity we use gallium-indium eutectic as the cathode
Note: bold words in the above lists are defined in the glossary.
References:
· “Organic semiconductors” http://en.wikipedia.org/wiki/Organic_semiconductor
· “Band gap”   http://en.wikipedia.org/wiki/Band_gap
· A great overview of OLEDs   http://www.ece.ncsu.edu/oleg/files-wiki/e/eb/ModuleTwoProcedures.pdf
· Discussion of OLEDs (talks about HOMO-LUMO gaps) http://www.chem.wisc.edu/areas/organic/studsemin/jewell/jewell-sem.pdf
· “How OLEDs Work”   http://electronics.howstuffworks.com/oled.htm/printable
· Overview of OLEDs   http://komar.cs.stthomas.edu/qm425/01s/Tollefsrud2.htm
· Good overview of how OLEDs work http://www.osram.fr/_global/pdf/Professional/LED/OLED/OSRAM_OLED_technology_intruduction_2010.pdf
· Polymer OLEDs (includes a handy glossary) http://www.cdtltd.co.uk/technology/introduction-to-p-oleds/
· DuPont website on OLEDs   http://www2.dupont.com/OLED/en_US/index.html
· Article on the mass production of OLED televisions, from DuPont http://www2.dupont.com/OLED/en_US/assets/downloads/pdf/Road_to_Mass_Production_of_OLED_TVs.pdf
· Overview of spin coating   http://www.clean.cise.columbia.edu/process/spintheory.pdf
 Materials
Consult “Instructions”, the other resource for this activity, for the list of materials. 
Preparation
Time:  15–40minutes

Note:  Detailed instructions for many of these steps are given in the “Instructions” document that is included as a resource for this activity.
1. Build the spin coater (10–30 minutes)

Consult the “Making the spin coater” section that starts on page 5 of “Instructions”.
2. Prepare solution of MEH:PPV  (5–10 minutes)
Consult the “Preparing/storing materials” section that starts on page 5 of “Instructions”.

Set Up
Time:  10 – 20 minutes
Note:  The estimated time of 10–20 minutes assumes that you have built a spin coater.  If you have not done this, see previous section for additional preparation time.  
1. Review background information and print the OLED schematic  (10–15 minutes)
2. (Optional)  Collect the optional materials

Collect the optional materials listed on page 4 of the “Instructions” document.

Program Delivery
Time:  90 minutes
Safety
Consult the document titled “Instructions,” which is included as a resource for this activity.  The first page of this document includes a number of safety considerations.  
This activity needs to be done in a chemistry lab with fume hoods because the fumes are harmful.  
Talking points and procedure 
Notes on pronunciation:  “OLED” is pronounced like oh – led, which is pretty straightforward.  But the funny thing is that if you’re just talking about light-emitting diodes in general (LEDs), “LED” is pronounced by saying each letter separately, as in “L-E-D”.  
Making the OLEDs:

Before you start, show your students the schematic of an OLED’s structure, so that they have an idea of the materials they will be using and what they will be making.  Then talk generally about some of the techniques they will be using, such as spin coating.  

Once you have introduced the activity, have the students follow the procedure in the “Instructions” document that is included as a resource for this activity.  These steps are outlined in the “Procedure for making an OLED” section that starts on page 6 of this document.

Discussion:
It will take about 1.5 hours for the students to finish this activity.  You can have a discussion during/after this activity.  During this discussion you can cover material from the background section of this activity as well as the talking points below.  (These talking points were developed for the cart demo version of this activity, but can easily be adapted for a class/workshop.)  For example, discuss why certain materials are chosen (e.g., why substrates are transparent and conductive), the advantages of OLEDs, and what spin coating is good for.
Talking points for discussion:
Introduction to organic light-emitting diodes (OLEDs)
Introduce yourself to your students and tell them that today they are going to learn about electronic devices called organic light-emitting diodes (OLEDs).  (If you have an LED bulb, you can hold it up and see if anyone knows what it is, before introducing the activity.  You can explain that during this activity they’ll be learning about a new type of LED that uses different materials/chemicals.) 
Ask your students whether they like to watch TV or movies, or play games on devices like cell phones or iPads.  Explain that in the future, these devices may become even better and cheaper, when the displays of these devices are made of OLEDs instead of LCDs.  (LCDs are liquid crystal displays.)  (A good question is: “What do we call our big screen televisions?” Answers: LCD/ plasma, etc.)
Tell your students that today we’re going to learn about what OLEDs do, what they’re made of, and what’s so great about them. Hold up the OLED you made so your students can see it.
What can OLEDs do?  What are they used for?
Tell your students that now you’re going to show them what OLEDs can do.  Take your OLED and connect it to the positive and negative terminals of your power supply (or battery pack), to show how it produces (emits) light.  
Explain that the OLED’s ability to convert electricity into light is useful for a number of applications, such as displays.  There are devices that do the opposite of this – they convert light into electricity.  You can ask your students if anyone knows what these devices are.  (They are solar cells.) 
What are the advantages and disadvantages of OLEDs?
Learning goal:  The advantages and disadvantages of OLEDs

Learning goal:  That many consumer devices now use OLEDs
(If you have electronics with LCD  or OLED screens, show them to your students.)  Ask your students what we could do to improve current LCD displays. They may suggest things like making them bigger, more efficient, brighter, or bendable.  Discuss the advantages and disadvantages of OLEDs, as explained in the background section.  Also, give examples of consumer devices that use OLEDs.

What’s organic about organic light-emitting diodes?
Learning goal:  What organic materials are  
Ask your students if they know any of the common materials used in electronic devices.  (If this question stumps your students, you can show them a silicon wafer or a piece of one, to help prompt them.  Or, if you think it would help, you could ask them if they know where the name “Silicon Valley” comes from.)  Explain that many electronic devices use silicon.  However, not all electronic devices are made of silicon.  Increasingly scientists and engineers are using new materials, including organic materials. 

Ask if anyone knows what the scientific definition of “organic” is.  
Organic molecules are ones associated with living things.  Organic molecules always contain carbon, but containing carbon is not enough to make something organic.  For example, diamond is made of carbon, but it is not organic.  (Which makes sense, since diamond is not alive.)  For something to be organic, it must contain carbon atoms that are bonded to hydrogen.  Examples of organic things are DNA, sugar, wood, and methane.  Conversely, examples of inorganic things are salt, carbon dioxide, glass, and metals.  See background section for more on this.
Explain to your students that the term “organic” in “organic light emitting diode” refers to the fact that OLEDs use organic materials.  Explain that an OLED often contains inorganic materials as well, but we call them organic LEDs because the most important materials (the “active” layers) are made of organic materials.  You can show your students the polymer solutions that you created to make your OLEDs.  (Have these taped or wrapped with Parafilm so that it will be harder for students to open them; also instruct your students not to open them.  When the students aren’t looking at the solution, make sure to keep the MEH:PPV solution wrapped in foil.)  
Optional:  If your students is interested, you can explain that there are two types of OLED’s: small molecule OLEDs and large molecule (polymer) OLEDs.  (These small molecules and polymers are both organic materials.)  Explain to your students/class what a polymer is, following the discussion in the background section.  MEH:PPV is a polymer, so the OLEDs the students are making are polymer OLEDs.  Polymer OLEDs are called P-OLEDs are P-LEDs.
What are OLEDs made of?  How do OLEDs work?
An OLED is like a big sandwich.  Each layer in the sandwich has an important role.  (Show your students the schematic of the OLED and your own OLED, if you have already made one.)  Explain what each layer is, and how electrodes flow into the device from the cathode.  To summarize how OLEDs work, you could say, “Simply, electrons flow through the materials in an OLED to create light.” If you have older students, you can go into the physics behind OLEDs here.   You can explain that the recombination of electrons and holes, which occurs in the emissive (MEH:PPV) layer, generates light (photons).   A more detailed description of the layers in the OLED is included in the background material.
For older students:

If you have older students, you can discuss what diodes are and how they work.  You can then discuss more of the physics behind OLEDs, including what determines their color.  

How do you make OLEDs?
Learning goal:  What a spin coater is
Explain that you made the OLED by using a technique called spin coating.  Spin coating is kind of what you imagine – you spin something around in order to coat it.  So why would you use spin coating instead of just dropping a drop of something on a surface?  
The advantage of spin coating is that you can produce thin, uniform coatings.  (Using a pipette and water you can show how it’s usually difficult to produce a uniform layer by just putting drops of a liquid onto a glass slide.)
Tell your students that now we’re going to learn a little more about spin coaters by actually seeing one in action.  Explain that spin coaters are usually really expensive, but we made a cheaper version using a computer fan. 
Show your students the spin coater and explain how you made it.  Then take a glass slide and mount it on the fan using tape.  Demonstrate how the spin coater works using water.  (Don’t let your students touch the spin coater unless they are wearing gloves, since it is likely contaminated with chemicals.)
Wrap-up

Thank your students for coming.  Remind them that organic materials are becoming increasingly important in electronic devices.  You could suggest that they pay attention in the future when they buy items like televisions or cameras, because soon they may be able to choose between devices made with LCD displays versus ones with OLED displays.
If your students are interested in other activities related to electronic devices, you could suggest some of the activities listed in the “Going Further” section of this write-up.
Tips and troubleshooting

Spin coating can sometimes be tricky, whether you have a cheap spin coater or a research-grade one!  We recommend that you give yourself extra time to test the OLED the first time, in case the spin coating doesn’t work perfectly at first.  (Sometimes you may have to adjust the spinning speeds and times to get optimal coatings.  Scientists working in research labs experience this same issue.)
If the OLED does not work:

1. Check all the electrical connections – maybe you connected the positive and negative terminals to the wrong sides of the OLED.  
2. Check the resistance between the positive and the negative terminals of the device.  If the device is good, there will be almost infinite resistance (mega-ohms). However, if there is an electrical short in your device, you will see a resistance in kilo-ohms.  A short is most often caused by the PEDOT:PSS and MEH:PPV films not covering the glass (except the taped part) uniformly.  If your device is shorted, you’ll need to make a new one. 
· The instructions on http://www.ladyada.net/library/metertut/resistance.html explain how to measure the resistance of a material with a multimeter.

3. In rare cases, if the MEH:PPV has been exposed to too much light, it may not work well.  In this case you’ll need to make a fresh MEH:PPV solution and then make a new OLED. 

Common student questions

What is a diode?

A diode is an electrical device where electrons primarily flow in one direction

What determines whether materials emit light we can see?  OR  How can we make different color OLEDs?
The band gap or HOMO-LUMO gap determines the color of the light we see.  

In inorganic semiconductors there are two sets of energy levels – the conduction band and the valence band.  The difference between the bottom of the conduction band and the top of the valence band is the band gap.

In organic semiconductors, HOMO and LUMO refer to specific molecular orbitals; HOMO means the highest occupied molecular orbital, while LUMO means the lowest unoccupied molecular orbital.  The HOMO-LUMO gap is the difference between the HOMO and LUMO energy levels.
Both band gaps and HOMO-LUMO gaps have energy units, such as electron volts (eV).  Consult background section for more information.
What’s special/great about OLEDs?

OLED displays are thinner and use less energy.  Consult background section for a more complete answer.

How did you make the spin coater?
Explain what materials you used, where you bought them, and how you built the spin coater.  

How is a spin coated film different from a film that was created by dropping solution onto a surface and letting it dry?

Dropping solution onto a surface and letting it dry is called drop casting.  Drop casting does not produce as uniform films as spin coating, because of the initial droplet shape and the speed of evaporation at different locations on the drop.  You could prepare a drop cast sample by pipetting one of the polymers onto a glass slide and letting it dry.  You could then show this drop cast film to your students.  (Drop casting should not be done on the museum floor, due to fumes.  The film should be dry before letting the students see it, so there are no fumes.)
Why can’t you make the OLED in front of us (on the museum floor)?
It can’t be done on the museum floor because it’s not good to breathe many of the chemicals.  Explain that you made the OLED using a special type of box called a chemical fume hood.  It blows air in a particular way to make sure that any chemical fumes are sent to the exhaust system and not toward scientists/engineers.
In regular LEDs, what are the active layers made of?
In OLEDs the active layers are made of organic materials, either small molecules or polymers.  In non-organic LEDs, the active layers are made of inorganic semiconductors.

Are OLEDs recyclable?








    
    OLEDs must be created in chemistry labs because hazardous fumes are created during the OLED production process.  However, once the OLEDs have been made they don’t contain very many hazardous materials.  This makes them easier to recycle than other devices.  However engineers are still working on optimizing the recyclability of OLEDs.
Are OLEDs environmentally friendly?







        OLEDs may be considered to be more environmentally favorable than LCDs (liquid crystal displays), since OLEDs use less power.  Also, unlike compact fluorescent bulbs, OLEDs don’t use mercury, which can harm the environment.  Currently, researchers and engineers are working to make OLEDs more environmentally friendly.  

Going further…

Here are some resources you can share with your students:

· Check out the excellent lab modules created by scientists at NC State University http://www.ece.ncsu.edu/oleg/wiki/NSF_Lab_Modules:Module_Summaries
· Make a liquid crystal display (LCD) pixel 
 http://www.ece.ncsu.edu/oleg/files-wiki/0/0b/ModuleOneProcedures.pdf
· Make an organic photovoltaic (OPV) solar cell http://www.ece.ncsu.edu/oleg/files-wiki/c/cc/ModuleThreeProcedures.pdf
· Make an organic thin-film transistor http://www.ece.ncsu.edu/oleg/files-wiki/3/33/ModuleFourProcedures.pdf
· Want to learn more about other types of display technologies?  Check out these liquid crystal activities
· Disassembly of a liquid crystal watch http://mrsec.wisc.edu/Edetc/nanolab/watch/index.html
· Make a liquid crystal thermometer http://mrsec.wisc.edu/Edetc/nanolab/LC_prep/index2.html
· Interested in learning more about light-emitting diodes?  Check out this activity http://mrsec.wisc.edu/Edetc/nanolab/LED/index.html
Clean Up
Time: 15 minutes

Dispose of chemical and dry waste according to your local regulations.  Many of the materials used in this activity cannot be disposed of in the trash, nor can they be poured down the drain.
As discussed in the “Instructions” document in the “Troubleshooting” section, any excess chemicals that have gotten onto the fan should be cleaned soon after using the fan.  If the fan is not cleaned before these chemicals dry, it will become much harder to clean.
Universal Design
This program has been designed to be inclusive of students, including students of different ages, backgrounds, and different physical and cognitive abilities. 

The following features of the program’s design make it accessible:

[X] 
1. Repeat and reinforce main ideas and concepts

· Explicitly state overarching main idea and supporting concepts visually and aurally.

· Actively engage students with the content visually, aurally, and tactilely.

· Deliver one core concept at a time.

· Repeat core concepts frequently during the program.

· Punctuate the delivery of key ideas by presenting them visually, aurally and tactilely.
· Check in with the audience along the way.
[X] 
2. Provide multiple entry points and multiple ways of engagement

· Enable learners to enter at different places and take away different messages.
· Actively engage audience members in the program.

· Ask questions that encourage students to relate the content to their everyday life.

· Connect the content to a range of prior experience and everyday life examples.

· Use multiple analogies to represent the same idea.
· Engage more than one sense when delivering jokes and special effects.

[X]   
3. Provide physical and sensory access to all aspects of the program
· Speak slowly and provide extra time for people to process important ideas.

· Provide auditory descriptions of models and images.

· Provide tactile models that are easy to handle and manipulate.
· Use color and/or tactile designs to impart meaning on models and images.
To give an inclusive presentation of this program:

· Ask the audience questions, and check in with them along the way to make sure they’re engaged and with you.

· Relate the topics to things students are familiar with
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