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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The most important steps are steps 4.1 – 4.3 and 5

4. 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. (Please do not list entire sections.)

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? Remark: Only different lab rooms in the same facility. 



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Lisa-Marie Faller: We focus on the combination of 3D-printed substrates and inkjet-printing.  We believe that their combination can enable completely novel sensor system concepts in automated production lines and collaborative robotics [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Ali Roshanghias: The main advantage of this technique is its ease of use while it assures high-quality of the obtained measurement results, which are gathered with the developed sensor system prototypes [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Johanna Zikulnig: When combining 3D- and inkjet-printing for functionalization, it is important to consider the substrate-properties as well as the ink-properties for individual layers.  The curing dose depends on the combination of both [1].  

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.










Section - Protocol
2. Preparation of 3D-printed Substrate, Fabrication of Interconnects and Adjustment of Printer Parameters for the First Layer
2.1. Fabricate the ceramic substrate by lithography-based ceramic manufacturing technology [1-TXT]. 
2.1.1. CU: Fabricated ceramic substrate as talent displays it to the camera.  TEXT: See text for reference and preparation of alternative substrates
2.2. To fabricate interconnects on nonconductive substrates, dispense the low temperature curable conductive adhesive with a time-pressure microdispenser, mounted on a microassembly station, into the appropriate vias of the printed parts [1].
2.2.1. CU: Printed parts as talent dispenses the low temperature curable conductive adhesive with a time-pressure microdispenser mounted on a microassembly station into the appropriate vias.
2.3. Leave the fabricated interconnects to dry for 10 minutes at 23 degrees Celsius and with ambient pressure [1].
2.3.1. MED: Talent leaves the fabricated interconnects to dry.
2.4. After preparation of the inkjet printing system and inspection of the surface properties for printability as described in the text protocol, fix the substrate on the substrate table using adhesive tape and mark its position appropriately [1].
2.4.1. CU: Substrate as talent fixes it on the substrate table using adhesive tape and marks its position.
2.5. Adjust the nozzle and printing parameters in the settings of the software interface by editing the properties of the print head in the printer’s software interface [1].
2.5.1. MED: Talent pulls up the printer software interface.
2.6. Move the print head to the dropview position using the Go to dropview position option in the printer’s software interface, and observe the jetting of the ink.  If necessary, adjust the printing parameters to optimize the jetting [1].
2.6.1. SCREEN: To be provided by the authors – Screen capture movie as talent moves the print head to the dropview position using the Go to dropview position option in the printer’s software interface and observe the jetting of the ink.  Talent adjusts the printing parameters to optimize the jetting.  Authors, please upload this screen capture to your project page.
2.7. Choose a nozzle which ejects well-defined and homogeneous drops of ink for printing.  Enter the number of the chosen nozzle in the printer’s preferences [1]. 
2.7.1. SCREEN: To be provided by the authors – Screen capture movie as talent chooses a nozzle which ejects well-defined and homogeneous drops of ink for printing.  Talent enters the number of the chosen nozzle in the printer’s preferences.  Authors, please upload this screen capture to your project page.
2.8. Perform the drop size tests to determine the size of one printed drop on the substrate.  To do so, print a drop pattern, using a known printer configuration [1]. 
2.8.1. SCREEN: To be provided by the authors – Screen capture movie as talent shows how the image file for the drop size test is loaded and illustrates which preferences are necessary on the side of the printer. The result is displayed using the in-built camera of the printer.  Authors, please upload this screen capture to your project page.   
2.9. Determine the achieved drop size using a calibrated microscope or the inbuilt camera system of the printer [1].
2.9.1. SCREEN: To be provided by the authors – Screen capture movie of the camera view as talent determines the achieved drop size using a calibrated microscope.  Authors, please upload this screen capture to your project page. 
2.10. Ensure that the subsequently used printing resolution is appropriate for the observed ink wetting to fabricate a homogeneous and closed surface [1]. 
2.10.1. SCREEN: To be provided by the authors – Screen capture movie as talent sets/checks the printing resolution.  Authors, please upload this screen capture to your project page.  
3. Curing Parameter Adjustments for the First Layer
3.1. Print multiple structures, with a layer of the ink used for the first device layer, onto a dummy substrate [1].
3.1.1. MED-over the shoulder: Talent prints the dummy substrate.
3.2. Use the photonic curing process for the insulating ink on the metal substrate.  Open the tray of the photonic curing equipment containing the substrate table [1].  Move the sample to the substrate table of the photonic curing equipment and fix it accordingly [2].
3.2.1. MED: Talent opens the tray of the photonic curing equipment containing the substrate table.
3.2.2. CU: Sample as talent fixes it on the substrate table.
3.3. Adjust the height of the equipment’s substrate table, using the table spindle to move the sample to the focus plane of the curing equipment [1].
3.3.1. MED or CU: Talent uses the table spindle to move the sample to the focus plane of the curing equipment.
3.4. Close the tray [1].  Adjust the curing profile as recommended by the supplier for the printed material in the equipment’s software interface and press the start button [2].
3.4.1. CU: Photonic curing equipment as talent closes the tray.
3.4.2. MED-over the shoulder: Talent finishes up set-up and presses start button.
4. Inkjet Printing and Curing of the First Device Layer
4.1. Adjust the nozzle and printing parameters as described in the text protocol and then perform printing.  Repeat the printing of one layer of ink until the homogeneity of the print is satisfactory [1].
4.1.1. SCREEN: To be provided by the authors – Screen capture movie as talent adjusts the nozzle and printing parameters and then starts printing.  Authors, please upload this screen capture to your project page. 
4.2. Control the homogeneity of the printed layer using a calibrated microscope or using the inbuilt camera system of the printer.  Move the camera of the printer to the print position and observe the quality of the print given in the printer’s software interface [1].
4.2.1. SCREEN: To be provided by the authors – Screen capture movie as talent pulls up the in-built camera software and moves the camera to the print position and observes the quality of the print.  Authors, please upload this screen capture to your project page. 
4.3. Cure the first layer using the previously determined parameters.  For silver ink on a polymer substrate, use a 1 millisecond pulse at 250 Volts with a reduced amount of energy [1].
4.3.1. MED: Talent places the polymer substrate with silver ink into the photonic curing equipment.  [Note to editor]. Author deleted this step but didn’t provide any reason. 
4.4. For silver ink on a ceramic substrate, use heat curing in an oven as recommended with the ink [1].  To cure printed dielectric ink, use the photonic curing equipment with 200 Volts bank voltage and with 1 millisecond pulses and repeat the pulses 8 times at a frequency of 1 Hertz [2].
4.4.1. MED: Talent places the ceramic substrate with silver ink into the oven.
4.4.2. CU: Photonic curing equipment as talent places a substrate with printed dielectric ink there.
5. Inspection of the Surface Properties of the Respective Substrates for Printability and Inkjet Printing and Curing of Subsequent Device Layers
5.1. Perform profilometer measurements to determine the roughness and thickness of the printed layer [1].  Put the sample on the substrate table of the profilometer [2].  If not homed, home the measurement head using the respective button in the software [3].
5.1.1. WIDE: Establishing shot as talent approaches the profilometer with the substrate.
5.1.2. CU: Sample as talent places it on the substrate table.
5.1.3. SCREEN: To be provided by the authors – Screen capture movie as talent homes the stage.  Authors, please upload this screen capture to your project page.
5.2. Choose the resolution and area which needs to be mapped.  Place the measurement head at the starting position and start the measurement [1].  
5.2.1. SCREEN: To be provided by the authors – Screen capture movie as talent chooses the resolution and area which needs to be mapped.  Talent places the measurement head at the starting position and start the measurement. Authors, please upload this screen capture to your project page.
5.3. Upon completion of the measurement, check the result for consistency and save the data [1].
5.3.1. SCREEN: To be provided by the authors – Screen capture movie as talent checks the result for consistency and saves the data.  Authors, please upload this screen capture to your project page.
5.4. After adjustment of the printer and curing parameters for subsequent layers as described in the text protocol, fix the substrate on the substrate table at the previously marked position [1].  Adjust the nozzle and printing parameters as before [2].
5.4.1. CU: Substrate as talent fixes the substrate on the substrate table in the marked position.
5.4.2. MED: Talent adjusts the nozzle and printing parameters.
5.5. Select the appropriate reference point to print the pattern and make sure the printed patterns are well-aligned with each other to ensure proper functionality of the device afterward.  Load the respective svg file with appropriate resolution and size.  Perform printing [1].
5.5.1. SCREEN: To be provided by the authors – Screen capture movie as talent selects the appropriate reference point to print the pattern and make sure the printed patterns are well-aligned with each other to ensure proper functionality of the device afterward.  Then talent loads the respective .svg file with appropriate resolution and size.  Talent starts printing.  Authors, please upload this screen capture to your project page.
5.6. Repeat the printing of one layer of ink until the homogeneity of the print is satisfactory.  Control the homogeneity of the printed layer under a microscope.  Here, the inbuilt camera system of the printer is used [1].
5.6.1. SCREEN: To be provided by the authors – Screen capture movie as talent uses the inbuilt camera system to check the homogeneity of the printed layer.  Authors, please upload this screen capture to your project page.
5.7. Use photonic curing only for the curing of this layer. Use the parameters determined beforehand for an insulating layer or a conductive layer on the insulator [1].
5.7.1. MED: Talent places the substrate into the photonic curing equipment.
5.8. After curing, control the electrical and structural properties of the printed layer. To determine if the conductivity range of the conductive layer is acceptable, use a multimeter [1]. 
5.8.1. CU: Multimeter/printed substrate as talent checks the conductivity range of the conductive layer.
Section – Results
6. Results: Surface Analyses and Measurement Results from a Capacitive Sensor System Prototype
6.1. To determine the surface quality of the 3D-printed substrates Scanning Electron Microscopy analyses are done.  [1]. 
6.1.1. Figure 1.pdf
6.2. The surface of the copper substrate is shown, which is by far the smoothest [1].
6.2.1. Figure 1.pdf – Video editors, please emphasize the top left panel.
6.3. Conversely, steel is a substrate that is not usable for inkjet printing due to the high porosity and unstable contact angle [1]. 
6.3.1. Figure 1.pdf – Video editors, please emphasize the bottom left panel.
6.4. Also shown are SEM images of the bronze substrate… [1] and the titanium sample surface [2]. 
6.4.1. Figure 1.pdf – Video editors, please emphasize the top right panel.
6.4.2. Figure 1.pdf – Video editors, please emphasize the bottom right panel.
6.5. The conductive tracks on the alumina-based ceramic substrate have good surface homogeneity as visualized here as the smoothness of the blue curves [1].  
6.5.1. Figure 7.eps – Video editors, please emphasize the bottom plot as this point is narrated.
6.6. Additionally, surfaces which lost their structural integrity can be identified by the large gradients in their height profiles [1].
6.6.1. Figure 7.eps – Video editors, please emphasize the top two plots as this point is narrated.
6.7. These measurement results are gathered using a demonstrator which employs a capacitive sensing principle. Here, the smoothness of the curves illustrates the high achievable quality despite the structural deficiencies that might result from the printing processes [1].
6.7.1. Figure 9.eps



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Johanna Zikulnig: The most critical steps are to assure sufficient homogeneity… [1] and to control the surface properties of the printed structures [2].  These metrics are crucial enabling factors for subsequent steps [3].
7.1.1. Shot 4.2.1 can be shown here.
7.1.2. Shot 5.1.2 can be shown here.

7.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Lisa-Marie Faller: The combination of 3D-printed substrates and inkjet-printing as means for functionalization, are of high importance towards the development of future robotic devices and automated production lines [1]. 

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Lisa-Marie Faller: These techniques enable the fabrication of adaptable sensor systems to be used for retrofitting, and in conformable systems, which are considered the future of collaborative robotics [1]. 

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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