Making an OLED (Organic Light-Emitting Diode)
SAFETY CONSIDERATIONS

Caution!!  Since MEH:PPV is corrosive if not used properly, it is very essential that it not be prepared in concentrations higher than indicated.  
The gallium-indium eutectic is not very hazardous when in its liquid form.  However, the gallium-indium eutectic should not be breathed in, so processes that generate dust should be avoided.  Specifically, try to maintain the temperature of the gallium-indium above its freezing temperature (16 °C / 61 °F).  If the gallium-indium has been cooled near or below its freezing point, wait until it warms up before opening the container. 
Due to safety concerns, do not let anyone inexperienced handle the chemicals. Gloves and goggles should always be worn while handling any of the chemicals in this experiment.

Before beginning activity, consult the MSDS (materials safety data sheets) for the chemicals.  These are usually provided with chemicals and are also easily found online.
Before deciding to do this activity, make sure you have a way to safely dispose of the chemicals.  All the chemicals and dry waste should be disposed of according to regulations – most of the chemicals cannot be put into regular trash containers.  Furthermore, you must have access to a well-ventilated chemistry hood for this activity, as the fumes are harmful.
When testing the OLED, either with a power supply or a battery pack, be careful not to short the power supply (batteries).  Due to the risk of electric shocks, it is best to not go to higher voltages than are necessary to cause light emission.  10–12 volts should usually be sufficient for producing light emission from the OLED. 
Materials and Vendors   
Note: vendors (and, occasionally, part numbers) are given for products that are harder to find
Materials for making OLED
1. Indium tin oxide (ITO) coated or fluorinated tin oxide (FTO) coated glass slides             (For simplicity, the term ‘conducting glass slide’ will be used throughout the document.)   Either ITO or FTO coated glass slides can be used.  FTO coated glass slides are cheaper but are not as optically transparent as ITO coated ones.  [Hartford Glass] 
2. MEH:PPV (poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene]) [Sigma  Aldrich, 541443-1G]
3. PEDOT:PSS (poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)) [Sigma Aldrich,   483095-250G]

4. Gallium-indium eutectic [Sigma Aldrich, 495425-5G]
5. UVS 91 (UV curable adhesive) [Norland Inc]
6. Toluene  [Fischer Scientific, Sigma Aldrich and Carolina Biological Supply]
7. Ethanol   [Fischer Scientific, Sigma Aldrich and Carolina Biological Supply]
8. DI (deionized) water/distilled water

9. Double-sided tape

10. Normal Scotch tape

11. Kim wipes/any residue-free wipes [Fischer Scientific, Sigma Aldrich and Carolina    Biological Supply]
12. A hot plate  [Fischer Scientific, Sigma Aldrich and Carolina Biological Supply]
13. 2-3 pipettes (disposable or glass)

14. UV lamp (black light)  [Cole-Parmer]
15. A battery pack that can hold 12 volts of batteries (e.g., 8 AA batteries) (alternatively, a power supply capable of producing at least 12V) [Amazon]
16. A multimeter
17. Graduated cylinders

18. A scale
19. Tweezers

20. A Q-tip or wood splint (for the gallium indium eutectic)

21. Foil

22. (Optional) An X-Acto knife for cutting tape and removing the slides from the fan 

23. (Optional) Dark-colored bottle for storing the MEH:PPV solution
Materials for making a spin coater
Background on spin coaters: In order to form very thin uniform coating of solutions, research labs use spin coaters. These devices consist of a spinning disc with a sample mounting stage in the center.  When a drop of liquid is put on a sample and the disc is spun (at 1000-5000 rpm), the liquid spreads due to centrifugal forces.  The liquid will form a uniform, thin coating on the order of 10-200nm depending on the viscosity of the liquid. A lab-grade spin coater costs about $5000. However, it is possible to make a simple spin coater with a cheap, computer case fan that works very well. 
If you want to make a cheap spin coater, you will need the following materials:

1. A computer case fan that can spin around 2000 rpm [see below for specific recommendations]
2. A particle or solid wood board that is at least 8”x8”

3. 4 short wood screws (short enough that you don’t need to drill into the board)
4. A power source (battery pack for 6–8 AA batteries or portable USB battery pack)  [http://www.radioshack.com/product/index.jsp?productId=2062251]
5. Wires with alligator clips (if using the non-USB fan)  [Radio Shack]
6. Double-sided tape

7. A clear plastic container that can fit on top of the wood board without overhang, yet is large enough to completely cover the fan with room to spare.
Notes on case fans:  Common case fan sizes that would work well for this activity are 80mm, 92mm, and 120mm.  The case fan should spin around 2000 rpm.  (The spin speed controls the thickness of the final film.  In OLEDs a variety of film thicknesses are used, so it is not a problem if your fan does not spin at exactly 2000 rpm.)  If your fan normally spins at a higher speed, you can test it to see if it produces good films.  If you need the fan to spin slower, you can reduce the number of batteries in the battery pack.  For example, if your fan normally uses 12V and runs at 3000rpm, you can run it on 7.5V (5 AA batteries) to reduce the spin speed.  Examples of case fans are the SILVERSTONE FN81 80mm Case Fan and the Thermaltake AF0028 80mm Green LED Case Fan.  These are available from both www.amazon.com and www.newegg.com.

Note on lid:  The lid must completely cover the fan, while also being smaller than the wood board.  Otherwise, material will escape to the lab bench.  The lid should also be transparent, for demonstration purposes.  There are many things that could work as lids: Rubbermaid storage bins/tubs, Tupperware (food storage) containers, or clear plastic bowls.
Materials for demonstrating spin coating (on museum floor)
1. Assembled spin coater

· Previous section lists these materials
2. Glass slide

3. Double-stick tape

4. Water (can add dye to water to make it more visible, but this will likely stain spin coater)
5.  A pipette (disposable or glass)
Optional materials for showing audience during demonstration
1. Light-emitting diode (LED)  [Radio Shack or Amazon]
2. Screens/displays that use LEDs/OLEDs or LCDs (liquid crystal displays)

3. Silicon wafer or a piece of a silicon wafer  [www.universitywafer.com]
Making the spin coater
1) Place the fan on the board so that the flat, unexposed hub of the fan is facing up.
· For some fans you will first need to remove the grill.  
2) Screw the wood screws into the corner holes to affix the fan to the board.  


· The screws should be short enough that you don't have to drill into the board.  
3) You can power a USB-powered fan with a portable USB battery pack.  For non-USB fans, use the alligator clips to attach the positive and negative wires to the positive and negative ports of a cheap, 6–10 AA battery pack.  
· Make sure the cords are long enough so that the power source is outside of the clear plastic cover.  
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Figure 1.  (A) Photo of a case fan screwed onto a wood board.  A glass slide has been taped to the center of the fan, for demonstration purposes.  (This slide is not conductive.)  (B)  The complete spin coating setup, including the clear lid and battery pack.  The cords must be long enough to extend outside of the cover, as shown.
Preparing/storing materials
PEDOT:PSS is sold as an aqueous solution and MEH:PPV is sold as a very fine powder. MEH:PPV is light-sensitive, so use a dark colored bottle for the preparing and storing the aqueous solution of MEH:PPV.  To prepare the MEH:PPV solution, dissolve 2 mg of MEH:PPV in 2 ml of toluene.  If the MEH:PPV does not completely dissolve, then let the solution sit until any undissolved material precipitates to the bottom.  When not in use, wrap both the solution and the powder forms of MEH:PPV in foil and put them in the refrigerator. 

Procedure for making an OLED
The directions below will make one OLED.
1. Pre-heat the hot plate to 140 °C.

2. Identify the conducting sides of two conductive glass slides. (This can be done with a multimeter.) 
· The instructions at http://www.ladyada.net/library/metertut/continuity.html explain how to use a multimeter to test for continuity/conductivity.
3. Clean glass slides with ethanol and water. Wipe dry with Kim wipes or any other residue-free wipes.  Put the slides on a Kim wipe, with the conductive sides facing up. 
· Cleaning the second slide is optional.  We will clean the second slide later (step 21), in case dust falls on it while we are going through the other steps.
4. Cover one of the conductive glass slides (on the conductive side) with a piece of normal Scotch tape as shown in Fig 2.
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Figure 2
5. Place a piece of double-stick tape in the center of the spin coater fan.  (The double-stick tape should be bigger than the slide.) 

6. Firmly place the taped conductive slide, with the taped side up, on the fan so that it is secured onto the double stick tape.  (You might want to practice the spinning by turning the spin coater on at this point.  This will let you determine if the glass slide is stable (is stuck).  After you test it, turn the spin coater off before proceeding to the next step.)
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Figure 3.  Images of the OLED production process

7. Put approximately 10–12 drops of PEDOT:PSS solution onto the center of the glass.  (Don’t use too much or the solution may spread to the backside of the glass, which can create a mess.)  
8. COVER THE SPIN COATER WITH THE LID!  
9. Turn on the spin coater (to about 2000 rpm) and let it run for 60 seconds. When it’s finished, remove the lid.
10. Take the glass slide off carefully, holding by its sides, and let it air dry for a few minutes. (If it’s hard to remove the glass slide, you can use a thin piece of metal, like an X-Acto knife, to pry/pop it off.  You can also try to squirt ethanol between the slide and the tape, but don’t let ethanol touch the PEDOT:PSS film.)  Take a look at the film on the glass to make sure that it is uniform and is covering all of the exposed glass. If it is not uniform, clean the glass slide with water and ethanol and redo steps 1–5.  

11. Carefully peel the Scotch tape off without destroying the PEDOT:PSS film.  Put the glass slide on the hotplate (140 °C) to dry for about 15 minutes.
12. After 15 minutes, turn off the hotplate and leave the glass slide on the hot plate, so that it can cool off. It is better to let it cool on the hot plate. If the hot glass comes into sudden contact with a cold surface, it can shatter.
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Figure 4
13. Once the glass slide is completely cooled, put another piece of tape on the slide so that it covers the area that does not have any PEDOT:PSS.  See Fig. 4.
14. Place the slide, tape side up again, firmly onto the double stick tape on the spin coater fan.  (If the double stick tape is not sticky anymore, replace the double stick tape.)

15. Now put about 7–8 drops of MEH-PPV solution onto the glass slide, attempting to cover the entire slide. Before filling the dropper, do not shake or stir the bottle, since we don’t want any residue to get into the dropper. COVER THE SPIN COATER WITH THE LID!
16. Again run the spin coater (at about 2000 rpm) for 60s.
17.  When complete, remove the glass slide from the spin coater, remove the tape and put the glass slide on the hotplate at 140 °C to dry for ONLY 3 minutes.
18. Again let the slide cool completely before handling.

19. Now, using a Q-tip, or a thin stick with a rounded end (to avoid scratching or scraping), place a very small quantity (2 mm in diameter) of the gallium-indium (GaIn) eutectic on top of the MEH:PPV.  See Fig. 5.
20. Fill a syringe with the UV curable adhesive and put a thin circle around the GaIn eutectic.  See Fig. 5 below:
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Figure 5

21. Prepare the second conductive glass slide.  (If you don’t remember which side is the conductive side, identify the conducting side now.)  Clean the slide with ethanol and water. Wipe dry with Kim wipes or any other residue-free wipes. 
22. Now assemble the OLED “sandwich”.  Carefully place the second conductive glass slide on top of the first glass slide, as in Fig. 6.  It is crucial that you place this second glass slide such that:
a. The conductive side is facing the PEDOT:PSS/MEH:PPV/GaIn eutectic/UV curing adhesive

b. It only covers the (PEDOT:PSS/MEH:PPV/GaIn eutectic/UV curing adhesive)-covered region, leaving the clear strip for making the electrical contacts.
The OLED sandwich now looks like this:
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Figure 6.  Schematic of finished OLED
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Figure 7.  Photo of finished OLED
23. Once the sandwich is ready, put it under the UV lamp for 1 minute, to cure the adhesive. This will seal the OLED device. 
24. Connect the glass slide coated with the polymer films to the positive terminal and the slide coated with the gallium-indium to the negative terminal, as in Fig. 6.  If you have an adjustable power supply (or if you can easily adjust the number of batteries in your battery pack), you can slowly ramp up the voltage until you see a response from the OLED.  You should see light emission around 10-12 volts.
25. Remove the double-stick tape from the center of the fan.  If lots of chemicals got on the fan and you want to try to clean it, do it now.  If the fan is not cleaned soon after it is used, the chemicals may turn into a sticky layer that is hard to clean.
Procedure for demonstrating the spin coater
1. Place a piece of double-stick tape in the center of the spin coater fan (the double-stick tape should be bigger than the slide).  

2. Firmly place a glass slide on the fan so that it is secured onto the double stick tape.

3. Pipette water onto the slide.  (You can use dyed water if you are ok with it staining the spin coater.)
4. Cover the spin coater with the lid.

5. Turn the spin coater on to the desired speed and let it run.
Troubleshooting 
If it’s hard to remove slides or finished OLEDs from the double-sided tape:

To remove slides from the double-sided tape on the spin coater fan, you can use an X-Acto knife.  You can also try pulling up on one side of the slide and squirt ethanol between the tape and the slide.  Note: if you try this with an actual OLED (as opposed to a normal glass slide), you should make sure that the ethanol does not seep between the OLED’s glass slides, where the polymer films are, since ethanol would harm them.

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. 
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