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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 2.2, 2.5, 3.7, 3.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.__3.2.2 Usually, if the powder does not aerosolize well and/or if the filter becomes clogged quickly then no deposition results. To overcome this, I load or reload the powder before each run to ensure it is not packed to the bottom of the aerosol chamber.  I also carefully clean the filter between each run.  
E.  Will the filming need to take place in multiple locations? (Y/N) ___N__ 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the experiment is to deposit a several-micron-thick dense polycrystalline film of yttrium iron garnet onto a sapphire substrate using a room temperature deposition technique. (Intro)
This is achieved by mounting a prepared substrate onto the translation stage attached to the top cap of the apparatus. Then placing the top cap on the deposition chamber and attaching the motor control cables. (P1)
(Video editor: In  “animations-jove.pptx”, slide 1, please use the four labeled images in the top portion of the slide (or other renditions).  Please have the rectangle labeled “Deposition substrate” stand out more. Perhaps animate its placement on the “Deposition Chamber Top Cap”. For the second sentence, please put the top cap into the “Deposition chamber” and attach the “Cables” so that it all appears as the upper right image in “animations-jove.pptx”, slide 2.)
As a second step, load powder processed to posses the desired agglomeration size into the aerosol chamber. Put the aerosol chamber top-cap in place and connect it via a nozzle with the deposition chamber. (P2)
(Video editor: In  “animations-jove.pptx”, slide 1, please add the three labeled images in the bottom portion of the slide (or other renditions) to the result of P1. During the first sentence, animate the placement of the “Powder” into the “Aerosol Chamber” to achieve a result similar to “animations-jove.pptx”, slide 2, lower right .  During the second sentence, animate the placement of the “Aerosol Chamber Top Cap” and the connection between the chambers so that the end result is similar to “animations-jove.pptx”, slide 3.)
Next, establish a pressure gradient between the chambers and start gas flow into the aerosol chamber. Combine this with the action of a vibration plate to create an aerosol that passes through the nozzle into the deposition chamber. (P3)
(Video editor: “animations-jove.pptx”, slide 4 represents what is taking place in the lower chamber of the final image in P3.  Please animate the image in P3 to indicate the flow of gas into the lower chamber, and the rising of particles through the nozzle into the upper chamber. The particles entering the upper chamber should hit the area that had been labeled “Deposition Substrate”)
Deposition of the agglomerates proceeds by fracture, deformation, and fusing of the crystallites, resulting in the formation of a thick, dense film on the substrate. (P4)
(Video editor: The images in “animations-jove.pptx”, slide 5, show the “Deposition Substrate” at four different times, left to right, as aerosol particles impact it. If possible, please animate this sequence, first showing the substrate with a particle approaching, the substrate after impact with a second particle approaching, etc. There would be no need to number the particles. Also, please change the orientation so the substrate is above and the particles come from below to match the previous figures [or clue the viewers into the changed orientation somehow].)
The results show the as-deposited film is composed of densely packed, sub-micron sized particles, as confirmed using scanning electron microscopy. (P5)
(Video editor: Please use Slide4.JPG)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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Video editor: These images are in “animations-jove.pptx” at the upload site.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Scooter Johnson: The main advantage of this technique over existing methods is that it can produce very thick dense films without the need to heat the substrate or pre-cursor material. From a production standpoint, aerosol deposition also has the advantage of being done in a relatively low-vacuum environment and can deposit at a very high rate.  
Protocol (read by voice talent at JoVE):
2. Aerosol Deposition Equipment and Experiment Preparation
2.1. At the core of this experiment is the aerosol deposition setup. [2.1.1-WIDE-TXT] This schematic view of the equipment identifies the principal components. [2.1.2-LM] Place the powder to be aerosolized into the aerosol chamber and inject flow controlled carrier gas into the chamber.[2.1.3-LM] By maintaining a pressure difference between the aerosol chamber and the deposition chamber, create a flow of aerosol through the nozzle. [2.1.4-LM] Control deposition onto a sample in the deposition chamber using a translation stage.[2.1.5-LM]
2.1.1. Talent at aerosol deposition equipment, possibly removing/holding the deposition chamber top-cap 

2.1.2. LAB MEDIA: Slide2.JPG 

2.1.3. LAB MEDIA: Slide2.JPG (Video editor: Please point to/highlight the “Aerosol Chamber” from the start of the sentence. Point to/highlight the ''Carrier Gas” and the “MFC” during with “...inject flow controlled carrier gas into the chamber.”

2.1.4. LAB MEDIA: Slide2.JPG (Video editor: Start by keeping the “Aerosol Chamber” arrow/highlight, remove “Carrier Gas” and “MFC” arrows/highlights, and point to/highlight the “Deposition Chamber” and the two pumps. Remove all arrows/highlights, then point to the “nozzle”  (labeled “D”) during “...create a flow of aerosol through the nozzle.”

2.1.5. LAB MEDIA: Slide2.JPG (Video editor: Please remove all arrows/highlights, then point to the region labeled “B” and the region labeled “X-Y-Z Stages”) 

2.2. For this video, the first step will be to mount a prepared substrate on the translation stage. [2.2.1-WIDE-TXT]  The translation stage is part of the top cap assembly. [2.2.2-MED] First, place double-sided copper tape near the center of the stage. [2.2.3-CU] Next, get a cleaned and dried substrate and place it on the tape near the center of the stage. [2.2.4-MED] This 6 mm by 6 mm sapphire substrate is in position for the next steps in the protocol. [2.2.5-CU/ECU]

2.2.1. Talent putting top cap/translation stage into position to work with TEXT: See manuscript for substrate preparation

2.2.2. Translation stage and top cap assembly. Talent (hands) possibly pointing out stage.

2.2.3. Translation stage as copper tape is applied. Viewer should see the position of tape relative to sides of stage. 

2.2.4. Talent getting and placing substrate on stage

2.2.5. Substrate with some sense of its position on the tape/stage

2.3. Continue by using calipers to collect data needed to help align the spray nozzle. [2.3.1-MED]  Do this by measuring and recording the distance from one edge of the mounting stage to the nearest and farthest edges along one direction. [2.3.2-CU] Perform a similar measurement along the perpendicular direction. [2.3.3-MED] 

2.3.1. Talent getting calipers and beginning measurements

2.3.2. Detail of caliper measurement 

2.3.3. Talent making second measurement

2.4. After making the measurements, transport the top cap with the translation stage and sample to the deposition chamber. [2.4.1-WIDE] Lower the top cap into place to put the translation stage and sample into the chamber. [2.4.2-MED/WIDE] Once this is done, secure the top cap in by clamping the flange to seal it. [2.4.3-MED/WIDE]  Then, attach the controller cables for the translation motors. [2.4.4-MED]

2.4.1. Talent moving top cap to chamber and beginning to positioning it

2.4.2. Talent lowering top cap and sample into position

2.4.3. Talent securing the top cap

2.4.4. Talent attaching controller cables

2.5. Now move on to preparing the aerosol chamber, seen here with its top section off. [2.5.1-WIDE] Get 100 to 150 grams of sieved and dried yttrium iron garnet powder. [2.5.2-MED/WIDE-TXT] Distribute the powder over the bottom section of the aerosol chamber.  [2.5.3-MED/CU]  Next, for this setup, put a filter declogging attachment in place.[2.5.4-MED]

2.5.1. Talent turning attention to aerosol chamber

2.5.2. Talent getting powder from source next to chamber and moving it toward chamber TEXT: Powder agglomerate sizes less than 53 µm. See manuscript for powder preparation.

2.5.3. If possible, chamber as powder is distributed

2.5.4. Talent putting attachment in place

2.6. Get the main body of the aerosol chamber and lower it onto the bottom section. [2.6.1-MED/WIDE] Continue by clamping the main body to the bottom section. [2.6.3-MED] Then, attach the aerosol pressure gauge to the side port. [2.6.3-MED/WIDE]

2.6.1. Talent getting main body and lowering it over bottom section

2.6.2. Talent clamping sections together

2.6.3. Talent attaching pressure gauge

2.7. Now get the nozzle inlet section and use a quick fit clamp to secure it to the top port of the main body of the aerosol chamber. [2.7.1-MED] When this is ready, raise the nozzle inlet tube into the inlet port on the deposition chamber. [2.7.2-CU/MED] Finish by securing the top and bottom fitting. [2.7.3-MED]

2.7.1. Talent clamping nozzle inlet section

2.7.2. Nozzle being raised into deposition chamber

2.7.3. Talent securing the fittings
3. Establishing the Pressure Gradient and Collecting Data
Videographer: Talent will be moving to different parts of the equipment to manipulate the valves.  Please shoot to show the action and provide context.
3.1. Start establishing a pressure gradient by isolating the roughing pump from the rest of the system, then turning it on. [3.1.2-WIDE] Open a bypass line to perform the initial pump-down to ensure a better controlled pump-down.[3.1.3-MED/WIDE] Turn on the deposition chamber illumination light. [3.1.4-MED]

3.1.1. Talent checking valves, then turning pump on

3.1.2. Talent opening bypass line

3.1.3. Talent turning on chamber light, ideally light would be seen coming on

3.2. At the computer, set up the pressure monitoring and stage controller software without starting either. [3.2.1-MED/WIDE] As pumping continues, monitor the system pressure. [3.2.2-WIDE] When the pressure reaches 150–200 Torr, adjust the bypass line pump-down rate to 1 Torr/s. [3.2.3-MED/WIDE] Once the pressure drops below 100 Torr, start the pressure monitoring and stage controller software.[3.2.4-MED/WIDE]

3.2.1. Talent moving to, then working with computer

3.2.2. Talent turning attention from computer to monitor pressure.

3.2.3. Talent adjusting valves to achieve pump rate

3.2.4. Talent returning to computer and starting software
3.3. When the pressure is about 1 Torr, close the valves to the bypass line. [3.3.1-WIDE] Continue by opening the main pumping valve. [3.3.2-MED/WIDE] As pumping continues, move to the deposition chamber and tighten the clamp to the top cap. [3.3.3-WIDE] The next step is to turn on the blower pump and open the ultra-high purity nitrogen gas cylinder to provide the carrier gas. [3.3.3-WIDE/MED]

3.3.1. Talent closing bypass line valves

3.3.2. Talent opening main pumping valve

3.3.3. Talent going to and tightening top cap of deposition chamber

3.3.4. Talent moving to and manipulating controls for the pump and gas
3.4. At the computer, use the stage controller software graphical interface to position the substrate. [3.4.1-MED] As seen through the viewport, first place the substrate over the nozzle. [3.4.-CU]  Once in place, lower the substrate until it contacts the nozzle. [3.4.-CU] Then move the substrate 7.5 mm in the vertical direction to its position. [3.4.-CU]

3.4.1. If possible, an over the shoulder shot of talent working with software

3.4.2. Shot through viewport of substrate being placed over nozzle

3.4.3. Shot through viewport of substrate of substrate being lowered until it contacts nozzle

3.4.4. Shot through viewport of substrate of substrate being moved into position

3.5. Close the main pumping line and check that the leak rate is less than about 3 mTorr/s before proceeding. [3.5.1-WIDE] Continue by setting the deposition chamber butterfly valve to its 500 Torr preset value. [3.5.2-MED/WIDE] Set the flow rate of the mass flow controller, but do not turn it on. [3.5.3-MED/WIDE-TXT] 

3.5.1. Talent at pump controls, closing line, checking leak rate

3.5.2. Talent turning attention to/working with valve

3.5.3. Talent setting flow controller TEXT: Flow rate 13.63 liters/minute.

3.6. Program a function generator to set the vibrational frequency of the agitator and turn it on. [3.6.1-MED/WIDE-TXT]  Start the nitrogen gas flow, then countdown three seconds before starting the stage controller macro on the computer. [3.6.2-WIDE]

3.6.1. Talent setting and turning on function generator TEXT:  sweep: linear; frequency: 135–145 Hz; cycle: every 10 seconds

3.6.2. Talent starting gas flow, pausing, then turning to work with the computer

3.7. Adjust the gas flow rate to keep the desired constant pressure difference, in this case about 500 Torr. [3.7.1-CU][3.7.2-WIDE] Make use of the viewport to visually monitor the deposition. [3.7.3-CU/ECU] At the end of the deposition, note the exact run time, shut off the nitrogen gas, the function generator, and the pumps. [3.7.4-WIDE] Open the deposition chamber butterfly valve completely. [3.7.5-WIDE/MED]

3.7.1. Screen showing pressure curve remaining constant.
If possible, show how curve has evolved and reached a plateau. Authors: You can attempt a screen capture (Video editor: If this shot isn't viable, use 3.7.2)

3.7.2. Talent working to adjust gas flow

3.7.3. If possible, sample as deposition takes place.  Otherwise, motion of sample stage and other activity in chamber during deposition. (Video editor: This can be removed if nothing is viable/informative)

3.7.4. Talent shutting off the gas, generator, and pumps.

3.7.5. Talent working with the butterfly valve


3.8. Open the bypass valve to the deposition chamber, turn the house nitrogen gas regulator to zero, and redirect the gas into the deposition chamber. [3.8.1-MED/WIDE] Close the main pumping valve while slowly increasing the house gas pressure. [3.8.2-MED/WIDE]

3.8.1. Talent working to open bypass valve and redirect nitrogen

3.8.2. Talent closing main valve

3.9. Return to the computer to use the stage controller software to home the nozzle, and then close the program. [3.9.1-MED/WIDE] When the pressure is above 100 Torr, stop the pressure monitoring software. [3.9.3-MED] Continue to adjust the house gas as necessary until the system reaches atmosphere.  [3.9.4-WIDE]

3.9.1. Talent returning to computer and working with it

3.9.2. Talent at computer, monitoring pressure, closing software

3.9.3. Talent leaving computer to adjust house gas

3.10. To recover the sample, detach the cables for the translation motors from the top of the deposition chamber. [3.10.1-MED/WIDE] Remove the top cap from the deposition chamber and take it to a workbench. [3.10.2-WIDE] At the bench, orient the top cap to gain access to the sample. [3.10.3-MED/WIDE] Unmount the sample to prepare it for characterization. [3.10.3-MED]

3.10.1. Talent detaching cables

3.10.2. Talent removing top cap and moving toward workbench

3.10.3. Talent at bench orienting top cap

3.10.4. Talent unmounting the sample
4. Results: Morphology and Properties of an Aerosol Deposition Film of YIG on a Sapphire Substrate
4.1. This is a scanning electron micrograph of an yttrium iron garnet film on a sapphire substrate. The deposition sweep moved at 0.65 mm/s and covered an area of 75 square millimeters. The film is somewhat rough and well-compacted with few voids.

4.1.1. LAB MEDIA: Slide4.JPG

4.2. The dense nature of the film is also seen in this scanning electron micrograph of the cross-section of the film on the sapphire substrate.  The main image shows the edge of the as-deposited sample as formed during deposition; it is not a cleaved section of the film.  The inset is a magnified view of the cross-section.

4.2.1. LAB MEDIA: Slide5.JPG

4.3. A step was created by removing a portion of the film along one edge.  The data in black gives the step height of the film. The red line indicates an average film thickness of about 11 micrometers. The roughness is about 1.4 micrometers. 

4.3.1. LAB MEDIA: Slide6.JPG

4.4. In this plot, ferromagnetic resonance absorption derivative data is in black, and a Lorentzian derivative lineshape fit to the data is in red. Both the signal location and shape for the data are comparable to typical spectra for polycrystalline yttrium iron garnet grown using other methods.  The good Lorentzian fit suggests a uniform film.

4.4.1. LAB MEDIA: Slide7.JPG
5. Conclusion (said by authors on camera)
5.1. Scooter Johnson: After watching this video, you should have a good understanding of how the aerosol deposition process works and how to perform aerosol deposition using this system.
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.  

Insert your media filenames here.

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, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments


