[bookmark: _GoBack]Submission ID #: 57846
Editor Name: Michael Linnes
Videographer name: François Saikaly Jr. 
Film Date: 6/1/2018
Link: http://www.jove.com/files_uploaded.php?src=17643078

Authors and Affiliations:  Thanh Huy Phung1, Soobin Oh2, Kye-Si Kwon2
1Department of Electronic Materials and Devices Engineering 2Department of Mechanical Engineering, Soonchunhyang University, 22, Soonchunhyang-Ro, Shinchang, Asan, Chungnam, 336-745, South Korea

Title: High-Resolution Patterning Using Two Modes of Electrohydrodynamic Jet: Drop on Demand and Near-Field Electrospinning 

Corresponding Author: 
Kye-Si Kwon 		(kskwon@sch.ac.kr)
Tel: Int+ 82-41-530-1670

Co-authors:
Thanh Huy Phung 	(thanhhuy.phung@gmail.com)
Soobin Oh 		(soobin9115@naver.com)

Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  
Can you record movies/images using your own microscope camera? (Y/N)___Y______(By capturing the microscope controlling PC monitor) 
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.  2.10, 2.11, 5.11 
E.  Will the filming need to take place in multiple locations? (Y/N) __N 
Extra notes: 
1.  The experimental conditions and parameter configuration may differ from that in the written manuscript. In this case, should we modify the values in the manuscript or show the new results in the filming? - YES, modify as necessary on the day of the video shoot. 

2.  To ensure about the experiments and save time, we will prepare all necessary materials and use them for the experiments. The filmed processes will be only for demonstration. Is it OK? Yes, It would be good to show how to make the reagents/materials, but you can use the pre-made versions instead of mixing for the full amount of time.

3.  Inside the protocol, interview style may not necessary; the notes could be announced directly by Jove’s talent. Each statement needs a visual.  In the case where no visual is available, but the information is still important enough to be included, then interview style is needed.

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. Prof. Kwon: Electrohydrodynamic jet printing is a non-contacting, direct patterning method that can be used in various fields, such as printed electronics, advanced materials, biotechnology, and so on. 
1.2. Prof. Kwon: The main advantage of this technique is that it can be used to print very small dots or patterns compared conventional inkjet printing methods.  

B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mr. Huy: Individuals new to this method will have a hard time obtaining proper jetting because each mode requires specific inks and different printing parameters such as voltage, the nozzle, printing speed and stand-off distance.
C.  Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.4. ** Prof Kwon: Graduate students, Mr. Phung and Mr. Oh will demonstrate two printing modes of drop on demand and near-field electrospinning using silver nano-particle ink in order to help individuals to understand the printing procedures.    
1.4.1. Interview style: Author saying the above 
1.4.2. The named students looks up from workbench or desk or microscope and acknowledges the camera. 

Protocol: (read by voice talent at JoVE)  
2. Drop-on-demand Electrohydrodynamic Jet Printing Setup Using Silver Nanoparticle Ink
2.1. For drop-on-demand printing, first fill [1-MED] the ink reservoir of the electro-hydrodynamic jet printer with filtered silver nanoparticle ink.[2-CU-TXT]   
2.1.1. Talent begins to fill ink reservoir
2.1.2. Talent continues to fill the ink reservoir (TEXT: Ink Properties: Viscosity: 10 cP, Surface tension = 20-40 mN/m) 
2.2. Then, prepare the nozzle from a glass pipette as described in the accompanying text protocol. [1-MED] Assemble the nozzle holder by connecting the nozzle to the ink reservoir via Teflon tubing. [2-CU-TXT]
2.2.1. Talent picks up prepared glass pipette nozzle
2.2.2. Talent connects glass nozzle to the PTFE tubing (TEXT: Nozzle Details: ID =  5 µm)
2.3. Next, turn on the air-pressure controller and apply an air pressure of 15-20 kPa to the ink reservoir. [1-MED Over the Shoulder]
2.3.1. Talent turns on controller and adjusts the air pressure as described 
2.4. Monitor the ink’s flow through the glass nozzle and tubing to ensure that no air is trapped when supplying the ink.[1-CU] Keep applying air pressure to the reservoir until ink appears at the nozzle’s tip.[2-ECU]
2.4.1. Closeup view of the ink moving through the tubing
2.4.2. Closeup view of the ink appearing and moving through the nozzle’s tip
2.5. Author’s Name -_Mr. Oh: “Do not reduce the pressure before the ink appears at the nozzle tip because that could cause air bubble entrapment at the tip.“[1-INT]
2.5.1. Interview style of the talent speaking the above step.
2.6. Once ink appears at the nozzle’s tip, reduce the pressure to around 12 kPa. [1-CU] This will maintain the extruded meniscus without any ink dripping from the nozzle’s tip. [2-ECU] Then, fix the assembled nozzle head in the printing system. [3-CU]
2.6.1. Talent reduces the pressure
2.6.2. Closeup of tip showing the nozzle tip filled with ink
2.6.3. Talent fixes the assembly into the print system
2.7. Using a side-view camera to visualize the gap between the nozzle tip and the substrate, move the Z-axis of the stage to adjust the gap to approximately 100 µm. [1-SCREEN]
2.7.1. Screen capture video showing the side camera’s view as the gap is adjusted as described above. Authors: Please submit the screen capture video as 2_7_1_Kwon_57846.mp4/mov to this link. 
2.8. Author’s Name -_Mr. Huy_:  “A smaller gap leads to a higher electrical field, which could facilitate printing with a lower DC and pulse voltages for jetting. However, a lower gap could also lead to larger drops if the voltage is not adjusted properly.” [1-INT]
2.8.1. Interview style of the talent speaking the above step.
2.9. At this point, monitor the ink at the nozzle while beginning to apply DC and pulse voltages. Gradually increase the DC voltage at increments less than 100 V at a time. [1-SCREEN]
2.9.1. Screen capture video showing the side camera’s view and control screen as the voltage is applied and increased. Authors: Please submit the screen capture video as 2_9_1_Kwon_57846.mp4/mov to this link. 
2.10. Once the ink begins to drip from the nozzle, reduce the DC voltage slightly until the ink stops dripping from the nozzle. [1-SCREEN]
2.10.1. Screen capture video showing the side camera’s view and control screen as DC voltage is reduced and the ink stops dripping. Authors: Please submit the screen capture video as 2_10_1_Kwon_57846.mp4/mov to this link. 
2.11. Next, set a negative pulse voltage with the rise time equal to 0 - 100 µs, the dwell time equal to 300 µs, and the fall time equal to 0 µs.  Then, apply the negative pulse voltage at the substrate holder. [1-SCREEN]
2.11.1. Screen capture video as the above parameters are listed in the order they are found and the negative pulse voltage is applied to the substrate holder. Authors: Please submit the screen capture video as 2_11_1_Kwon_57846.mp4/mov to this link. 
2.12. Now, adjust the magnitude of the pulse voltage to produce one droplet per single pulse. [1-SCREEN]
2.12.1. Screen capture video showing pulse voltage being adjusted and “fire on/off” being pressed. Authors: Please submit the screen capture video as 2_12_1_Kwon_57846.mp4/mov to this link. 
2.13. Then, adjust the DC background and the pulse voltages to obtain the target droplet size on the substrate while observing the jetted dots on the substrate in the side view camera image. [1-SCREEN]
2.13.1. Screen capture video showing the camera’s view as the DC and pulse voltages are adjusted. Authors: Please submit the screen capture video as 2_13_1_Kwon_57846.mp4/mov to this link. 
3. Bitmap Image Printing
3.1. First, load a bitmap image in the printing tab of the printing software and convert it into a binary image. [1-SCREEN]
3.1.1. Screen capture video showing the above step. Authors: Please submit the screen capture video as 3_1_1_Kwon_57846.mp4/mov to this link. 
3.2. Then, set the parameters for the binary image printing. For example, set the distance between two drops, or drop interval, to be 10 μm. [1-SCREEN]
3.2.1. Screen capture video showing the above step. Authors: Please submit the screen capture video as 3_2_1_Kwon_57846.mp4/mov to this link. 
3.3. Once set up, start printing using the selected bitmap on the target location of the substrate. [1-SCREEN]
3.3.1. Screen capture video showing the above step. Authors: Please submit the screen capture video as 3_3_1_Kwon_57846.mp4/mov to this link. 
4. Vector Printing
4.1. To prepare for vector printing, [1-MED Over the Shoulder] load the pattern’s CAD information into the printing software. [1-SCREEN]
4.1.1. Author sitting at computer, loads software
4.1.2. Screen capture video as the CAD file is loaded. Authors: Please submit the screen capture video as 4_1_2_Kwon_57846.mp4/mov to this link. 
4.2. Then, set the parameters for the print such as the printing speed and the dot spacing. [1-SCREEN] 
4.2.1. Screen capture video showing the above step. Authors: Please submit the screen capture video as 4_2_1_Kwon_57846.mp4/mov to this link. 
4.3. With the parameters now set, begin printing. [1-SCREEN]
4.3.1. Screen capture video showing the above step. Authors: Please submit the screen capture video as 4_3_1_Kwon_57846.mp4/mov to this link. 
5. Fine Conductive Line Patterning Using Near-field Electrospinning
5.1. To perform nearfield electrospinning, first prepare the specially formulated silver nano past ink.  [1-MED] To accomplish this, mix 3 parts ethanol and 1 part deionized water to make 12 ml of solvent. [2-CU]
5.1.1. Talent stands at bench with ink components laid out on the bench
5.1.2. Talent mixes ethanol and water as described
5.2. Then, mix 0.3 g of poly(ethylene oxide) and 9.7 g of the prepared solvent to make a 3% by weight polymer solution.  [1-MED-TXT] Using a magnetic stirrer, thoroughly mix the solution for more than 6 hours by stirring at room temperature. [2-CU]
5.2.1. Talent prepares the mixture (TEXT: PEO Mw = 400 kDa)
5.2.2. With the beaker on a stir plate, talent adds a magnetic stir bar and turns on the stir plate.
5.3. With the solvent now prepared, mix 5 parts of silver nano paste ink with 1 part of the prepared polymer solution.  [1-CU] Combine the two using a vortex mixer, mixing for 10 minutes to properly suspend the ink. [2-MED-TXT] 
5.3.1. Talent mixes the ink
5.3.2. Talent vortexes the sample (TEXT: Ag nano paste ink:  Viscosity = 11,000 cP) 
5.4. Next, fill the prepared ink into a syringe and connect the syringe to a nozzle via the Teflon connecting tube. [1-CU-TXT]
5.4.1. Talent draws up the ink solution into the syringe (TEXT: Nozzle = 100 µm ID syringe)  
5.5. Supply the ink to the nozzle by pushing the syringe manually. [1-CU] When the ink reaches the nozzle, install the syringe into the syringe pump attached to the printing system.  [2-CU]
5.5.1. Talent pushes the syringe until it comes out the tip (both syringe/tip in the shot).
5.5.2. Talent installs the syringe into the pump
5.6. Operate the syringe pump to generate an ink flow with an initial flow rate of 50 µL/minute. [1-CU] When the ink flows out of the nozzle’s tip, lower the flow rate to 1 µL/min. [2-SCREEN]
5.6.1. Talent sets the flow rate on the syringe pump.
5.6.2. Screen capture video showing the video of the ink flowing out of the nozzle’s tip. Authors: Please submit the screen capture video as 5_6_1_Kwon_57846.mp4/mov to this link. 
5.7. Next, apply the DC voltage source to the nozzle connector while the ground voltage is connected to the substrate holder. [1-CU]
5.7.1. Turn on the DC power supply source.
	5.7.2. Added shot: Talent uses software to turn on and adjust the DC voltage.
5.8. Increase the DC voltage gradually to 1.5 kV. [1-SCREEN]
5.8.1. Screen capture video showing the above step.  Authors: Please submit the screen capture video as 5_8_1_Kwon_57846.mp4/mov to this link. 
5.9. Author’s Name - Mr. Huy: “The DC voltage could be increased up to 2 kV, however, a DC voltage higher than 2 kV should be avoided since it might damage the ink.” [1-INT]
5.9.1. Interview style of the talent speaking the above step.
5.10. Once set up, start the idle printing with a printing speed of 300 mm/s for at least 10 min to obtain steady-state flow. [1-SCREEN] This is needed because the viscous ink may be compressed in the lengthy tubing.[2-CU]
5.10.1. Screen capture video showing the above step.  Authors: Please submit the screen capture video as 5_10_1_Kwon_57846.mp4/mov to this link. 
5.10.2. Closeup of physical printing platform as it moves back and forth
5.11. Adjust the printing parameters such as the DC voltage and flow rate during idle printing to obtain the desired printing results.  [1-SCREEN]
5.11.1. Screen capture video as the described parameters are modified. Authors: Please submit the screen capture video as 5_11_1_Kwon_57846.mp4/mov to this link. 
5.12. Finally, print your selected pattern on the substrate using the now defined printing parameters.   [1-CU]
5.12.1. Pattern is printed on the substrate
6. Results: Printing using Drop-on-demand and Near-field Electrospinning 
6.1. Dot-based drop-on-demand printing in raster printing uses a single axis to print dots in the main direction and then move to the next swath in the sub-direction. This raster image has a drop size of around 4 microns. [1-LM]
6.1.1. Figure 4a
6.2. In contrast, dot-based drop-on-demand printing in vector mode performs simultaneous movements in the x and y directions and is used to print the lines.  The resulting image has line widths of 4 microns. [1-LM]
6.2.1. Figure 4b 
6.3. Near-field electrospinning uses highly viscous ink to print patterns continuously. As a result, this method is suitable for printing straight lines using a high printing speed and is sensitive to changes in print speed. [1-LM] Discardable “slow regions” should be included in the design to ensure a consistent line size in the desired region. [2-LM]
6.3.1. Figure 5b (Video Editor: Highlight the “Acceleration/Deceleration” part of the image with the words “sensitive to changes in print speed”.)
6.3.2. Figure 5a (Video Editor: Highlight the “non-green” region of the top image with the words “Discardable “slow regions” should be included in the design” and the green region with the words “desired region”.)
6.4. In some cases, a low jetting speed can be used to generate a wave pattern. By using a low printing speed of less than 100 mm/s, the patterns can become wavy, as shown here. This type of wavy pattern might be useful in stretchable electronics applications.  [1-LM]
6.4.1. Figure 6
7. Conclusion (said by authors on camera) 
7.1. Prof. Kwon: After its development, this technique paved the way for researchers to produce fine patterns for their specific applications. Please note that this printing method is not limited to only silver nanoparticle ink but can be used in other applications using various inks.
7.2. Mr. Oh: While attempting this procedure, it’s important to remember to use the appropriate ink for printing. Refer to the general guidelines for ink selection provided in the text of this article.
7.3. Prof. Kwon: Be sure to adjust the printing parameters according to your ink selection and application.
7.4. Mr. Huy: Don't forget that working with chemicals, high voltage, and high pressure can be hazardous and precautions should always be taken while 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.  

Insert your media filenames here.

1.3 –   EHD_general_new.mp4


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.
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