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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N (wch)
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. No response 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document.  No response
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Daniel de Sa Pereira: Vacuum thermal evaporation is used in research and industry and is by far the most used technique to produce organic light-emitting diodes. 
1.2. Przemyslaw Data: The main advantage of this technique is the production of high quality and easily reproducible structures which can be translated into high efficiency devices.
B. Optional Interview Statements: N/A
C. Introduction of Demonstrator: N/A
D. Ethics title card: N/A
Protocol: (read by voice talent at JoVE) 
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps (marked with two-digit numbers, e.g. 2.1., 2.2.) and 60 "shots" (designated by a three-digit number, e.g. 2.1.1, 2.2.2). The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. The Substrate and Substrate Cleaning
2.1. Begin with two patterned substrates. [1-WIDE] These 24 millimeter by 24 millimeter ITO-coated glass substrates were patterned with 4 millimeter stripes. [2-CU-TXT] Rinse each substrate with acetone for about 10 seconds. [3-MED] Then, wipe them with a non-porous sheet of paper. [4-MED]
2.1.1. Talent at bench getting/inspecting substrates
2.1.2. Detail of substrates. Should be consistent with previous shot [TEXT: See text protocol for details on patterning.]
2.1.3. Talent rinsing substrate with acetone
2.1.4. Talent drying substrates

2.2. Next, submerge the substrates in a container of acetone. [1-MED] Place the container in an ultrasonic bath for 15 minutes. [2-MED-TXT] When done, transfer the substrates to a container with isopropyl alcohol. For simplicity, signal the container  on the side that is facing the ITO films. 3-MED] Place this container in the ultrasonic bath for another 15 minutes. [4-MED] 
2.2.1. Talent placing substrates in container of acetone
2.2.2. Talent (possibly just a hand) moving container to ultrasonic bath [TEXT: Ultrasonic bath: 320 W, 37 kHz, 15 minutes]

2.2.3. Talent transferring substrates to a container with alcohol
2.2.4. Talent placing container with substrates in the ultrasonic bath

2.3. After the second ultrasonic bath, remove the substrates and dry them with a nitrogen gun. [1-MED] Place dry substrates in a plasma cleaner base platform. [2-CU] Before proceeding, ensure there are no residues or smudges on the substrates. [3-CU-TXT] To ensure the ITO is facing forward, use a multimeter in the pad areas. [CU] Next, go to an oxygen plasma cleaner and place the substrates ITO-side up. Clean them for 6 minutes. [4-WIDE-TXT]
2.3.1. Talent removing substrate from container (ideally the container would be off of the ultrasonic bath) and drying it with nitrogen
2.3.2. A plasma cleaner base platform as a substrate is placed on it
2.3.3. Detail of a substrate to demonstrate it is free of residue and smudges [TEXT: Repeat rinse and ultrasonic baths as necessary] 
2.3.5. Talent testing the ITO pads with multimeter.
2.3.4. Talent placing substrates in plasma cleaner and operating the cleaner [TEXT: Plasma cleaner: 100 W, 40 kHz, oxygen flow: 2.5 L/h] 
2.3.6. Detail of plasma cleaning.
2.4. After plasma cleaning, prepare for evaporation steps. [1-MED] Attach the substrates  to the substrate holder, making sure the ITO is facin. [2-CU] If in doubt, test again with the multimeter. [CU] Then, place the substrate holder onto mask A, used for the evaporation of all organic layers. [3-CU][4-LM] Have a second mask ready, mask B, for the evaporation of aluminum. [5-CU][6-LM]
2.4.1. Talent at cleaner, preparing to attach a substrate to a holder
2.4.2. Detail of substrate(s) in holder
2.4.2.1. Talent testing the ITO with multimeter. 
2.4.3. The mask as the substrate holder is placed onto it
2.4.4. LAB MEDIA: 56593_Data_Maska.tiff (Video editor: Please show this shot with 2.4.3. Label the image “Schematic representation of Mask A”)
2.4.5. Detail of second mask
2.4.6. LAB MEDIA: 56593_Data_Maskb.tiff (Video editor: Please show this shot with 2.4.3. Label the image “Schematic representation of Mask B”)
3. Evaporation of the Organic Layers
3.1. Take the substrate holder and the masks to an evaporation chamber. [1-WIDE] Place the substrate holder with mask A on the deposition shelf. Place mask B on an alternate shelf. [2-MED]
3.1.1. Talent at evaporation chamber with substrate holder and masks
3.1.2. Talent placing holder and mask A on primary shelf, then mask B on alternate shelf
3.2. Next, prepare the different organic powders and other materials required for this device and add them to the chamber. [1-MED-TXT] Don’t forget that, if you are working in a glovebox, when adding something new to the chamber, do 3 cycles of evacuation and venting to avoid that any oxygen is entering the glovebox [CU] Then, close the chamber and initiate the vacuum procedure. [2-WIDE] When the pressure is low, start the flow of cooling water and substrate rotation. [3-MED-TXT] 
3.2.1. Representative shot of talent placing powders in evaporation chamber [TEXT: NPB; DPTZ-DBTO2; CBP; TPBi; LiF; Al–See text protocol for details]
3.2.2. Talent closing the chamber and starting vacuum procedure
3.2.3. Talent checking pressure, starting water and rotation [TEXT: Pressure < 10-5 mbar; Rotation rate: 10 rpm]
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3.2.A. talent preparing powers

3.2.A.1. [CU] powder and Aluminum wires.
3.2.1.1.  talent showing 3 cycles of evacuation and venting

3.1.7. talent moving to big vacuum chamber
3.3. This is a representation of the substrate top view and cross-section of a pixel at the start of the evaporation sequence. [1-LM] (Voice talent: Spell out NPB, CBP, and DPTZ-DBTO2, with O2 said “O-two”) Deposit 40 nanometers of pre-heated NPB when its evaporation rate is around 1 Angstrom per second. [2-LM-TXT]  After the NPB crucible cools, co-evaporate 18 nanometers of pre-heated CBP and 2 nanometers of pre-heated DPTZ-DBTO2 using different evaporation rates. [3-LM-TXT] 
3.3.1. LAB MEDIA: 56593_Data_ITOtop.tif,  56593_Data_ITOcross.tif (Video editor: Please show these side-by-side in the order given. Associate with the images the text “Photoresist pattern”. Label the image on the left “Top view” and the one on the right “Cross-section”, unless it seems clear.)
3.3.2. LAB MEDIA: 56593_Data_NPBtop.tif,  56593_Data_NPBcross.tif [TEXT: Allow crucibles to cool between every step.] (Video editor: Please transition from the images in the previous shot to these images, arranged side-by-side in the order given. Associate with the images the text “NPB layer”.)
3.3.3. LAB MEDIA: 56593_Data_co-evaptop.tiff, 56593_Data_co-evapcross.tiff [TEXT: Evaporation rates: CBP – 2 Å/s; DPTZ-DBTO2 – 0.22 Å/s] (Video editor: Please transition from the images in the previous shot to these images, arranged side-by-side in the order given. Associate with the images the text “Co-evaporation layer”)
3.4. Daniel de Sa Pereira: The co-evaporation step is crucial to ensure good device performance. The rates of co-evaporation should be maintained throughout the procedure to make sure the ratio is the same across the layer.
3.4.1. Interview style: Authors stating the above
3.5. (Voice talent: Spell out TPBi) Next, evaporate 60 nanometers of pre-heated TPBi at about 1 Angstrom per second. [1-LM] Then, evaporate 1 nanometer of pre-heated lithium fluoride. [2-LM] When the lithium fluoride crucible is cool, replace mask A on the substrate holder with mask B to deposit 100 nanometers of pre-heated aluminum at about 1 Angstrom per second. [3-LM-TXT] 
3.5.1. LAB MEDIA: 56593_Data_TPBitop.tiff, 56593_Data_TPBicross.png (Video editor: Please transition from the images in the previous shot to these images, arranged side-by-side in the order given. Associate with the images the text “TPBi layer”)
3.5.2. LAB MEDIA: 56593_Data_LiFtop.tiff, 56593_Data_LiFcross.tiff (Video editor: Please transition from the images in the previous shot to these images, arranged side-by-side in the order given. Associate with the images the text “LiF layer”)
3.5.3. LAB MEDIA: 56593_Data_Fulltop_2.tiff, 56593_Data_Fullcross.tiff [TEXT: See text protocol on changing masks.](Video editor: Please transition from the images in the previous shot to these images, arranged side-by-side in the order given. Associate with the images the text “Aluminum layer”)
3.6. Remove the substrate from the evacuation chamber. [1-MED]  This is how it appears after the evaporation steps and viewed through the glass substrate. There are four pixels. [2-CU] In this schematic view, note the pixels have two different sizes, 2 by 4 centimeters square, and 4 by 4 centimeters square. [3-LM]
3.6.1. Talent removing substrate from the chamber
3.6.1.2. Talent transferring between chambers.
3.6.2. Detail of the substrate at this point in the process
3.6.3. LAB MEDIA: 56593_Data_complete.tiff (Video editor: During “2 by 4 centimeters square”, please highlight the yellow rectangular regions toward the top of the image. During “4 by 4 centimeters square”, highlight the yellow square regions toward the bottom of the image.)
4. Organic Light-emitting Diode (OLED) Encapsulation
4.1. Move the substrates to an encapsulation stage. [1-WIDE] Remove them from their holder and place them on the stage with the evaporated films facing forward. [2-CU]  [3-MED]

4.1.1. T 

4.1.2. The substrates being properly placed on the encapsulation stage
4.1.3. Talent preparing and displaying prepared resin tube while getting into position to apply resin
4.2. Disperse resin to draw a square that encompasses all of the evaporated pixels. [1-CU] Next, place an encapsulation glass on top of the resin to secure it on the device. [2-CU] When ready, UV-cure the substrates according to the resin instructions. [3-WIDE]
4.2.1. If possible, record resin being applied in a square around the pixels. Be certain to get the final result of the resin being deposited

4.2.2. Example of encapsulation glass being placed on resin. At least capture final result
4.2.3. Talent at equipment used to cure the substrates
4.3. Przemyslaw Data: Encapsulation will guarantee that the device does not degrade with oxygen or humidity in the end, ensuring its quality.
5. Organic Light-emitting Diode Characterization 
5.1. (Voice talent: Spell out “OLED”) Characterize the OLED using an integrating sphere. [1-WIDE]  Before characterization, inspect the OLED. [2-MED] Check that the ITO stripes outside of the encapsulation glass of the OLED are clean. [3-CU]
5.1.1. Talent arriving at integrating sphere with OLED 
5.1.2. Talent inspecting the OLED

5.1.3. The OLED to demonstrate the ITO stripes are clean 
5.2. Place the OLED in the integrating sphere. [1-WIDE] Confirm that the anode is connected to the ITO pad, and the cathode is connected to the aluminum pads. [2-CU][3-LM] When the connections are made, close the integrating sphere and proceed with characterization measurements. [3-WIDE]
5.2.1. Talent putting OLED in sphere 
5.2.1.2. Detail of the connections
5.2.2. Detail of connections to demonstrate they are correct (Video editor: It isn’t clear this shot is viable. If it is available, please show it with the image in 5.2.3. If not, just use 5.2.3)

5.2.2.1. Detail of pixels emitting light.
5.2.3. LAB MEDIA: 56593_Data_completecross.tiff 
5.2.4. Talent closing the integrating sphere and turning to instrumentation
6. Results: Measured Current Density, Luminance, and Efficiencies of Vacuum Deposited Organic Light Emitting Diodes 
6.1. This plot has the current density as a function of voltage in black. [1-LM] It also has  the luminance as a function of voltage in red. [2-LM] The voltage at which light is first detected is 4 Volts. [3-LM] As the voltage increases, device degradation becomes apparent with the drop in luminance at around 13 Volts. [4-LM]
6.1.1. LAB MEDIA: 56593_Data_Figure3a.tiff (Video editor: Please call attention to the black data points and curve, as well as the left vertical and the horizontal axes during this shot)
6.1.2. LAB MEDIA: 56593_Data_Figure3a.tiff (Video editor: Please call attention to the red data points and curve, as well as the right vertical and the horizontal axes during this shot)
6.1.3. LAB MEDIA: 56593_Data_Figure3a.tiff (Video editor: Please call attention to the start of the red curve at 4 on the horizontal scale)
6.1.4. LAB MEDIA: 56593_Data_Figure3a.tiff (Video editor: Please call attention to the peak in the red curve at about 13 on the horizontal scale)
6.2. These plots allow comparison with other devices. [1-LM] This is the external quantum efficiency as a function of the current density. [2-LM] Here are the  luminous efficiency, in black and referred with the left axis, and the current efficiency, in blue and referred to the right axis, each as a function of voltage. [3-LM]
6.2.1. LAB MEDIA: 56593_Data_Figure3b.tiff,  56593_Data_Figure3c.tiff
6.2.2. LAB MEDIA: 56593_Data_Figure3b.tiff, 56593_Data_Figure3c.tiff (Video editor: Please focus on “3b” [possibly putting it in the foreground] and call attention to the axes as they are said)
6.2.3. LAB MEDIA: 56593_Data_Figure3b.tiff, 56593_Data_Figure3c.tiff (Video editor: Please call attention to the black dots and curve along with the left vertical axis during “luminous efficiency...left axis”. Change the focus to the blue dots and curve along with the right vertical axis during “current efficiency...right axis”)
6.3. Finally, this plot of emitted light as a function of wavelength for different voltages demonstrates that the wavelength of peak emission does not change. This suggests the device is optically stable. [1-LM]
6.3.1. LAB MEDIA: 56593_Data_Figure3d.tiff
7. Conclusion (said by authors on camera)
7.1. Przemyslaw Data: While attempting this procedure, it’s important to remember to that all the materials and substrate surfaces are sensitive to the environment. Parameters like temperature, humidity, dust, and even oxygen influence the device performance.
7.2. Daniel de Sa Pereira: After its development, the vacuum thermal evaporation technique shown here paved the way for the current generation of OLEDs. In this generation, we explore emitters and their application in device stacks for flat panel displays and smartphones.
7.3. Przemyslaw Data: This protocol shows a simple but effective way to build device stacks with a small number of organic layers that still allows the production of high efficiency systems.
7.4. Daniel de Sa Pereira: Don't forget that working with solvents used for cleaning can be hazardous. Precautions, such as the use of appropriate gloves, lab attire, and protective glasses, should always be taken when performing this procedure.
Provided Media
Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:
6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X
Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   
Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  
All tubes/flasks should be pre-labeled neatly before we arrive.  
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
�One shot: 2.1.3. and 2.1.4.


�One shot (2.2.1. and 2.2.2.)


�One shot (2.2.3. and 2.2.4.)


�This part required some extensive revision. Please follow this table for the correct new numbering.


�This step was done manually


�Remove 4.1.1.


�One shot: 4.1.3. and 4.2.1.


�One shot: 5.1.1. and 5.1.2.


�One shot: 5.2.1.2. and 5.2.2. 





Mounting the diode from a CU into the sphere
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