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Authors, please fill out the brief questionnaire below.

[bookmark: BackToTop]A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
If you can record images/videos using your own camera/software, then mark N.
[bookmark: Text6]If yes, please list make and model of your microscope:      
B.   Does your protocol include detailed, step-by-step descriptions of software usage? (Y/N) N
[bookmark: BackToQues]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. Please see the Screen Capture Footage Instructions section for more information.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their scripted protocol numbers. Please do not list entire sections of the protocol. 
Steps 1,3,4,5
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 by their scripted protocol numbers. Please do not list an entire section.
Step(s) 6.1
E.  Will the filming need to take place in multiple locations? (Y/N) y?
If yes, how far apart are the locations? 110 miles


1. Introduction (Experimental Goal and Author Interviews) – The introduction should clearly present the goal and significance of your method to the viewer. You may provide additional information, but the total introduction must not exceed 150 words.

A. Experimental Goal (read by voice talent at JoVE)
Authors: Please use the following prompt to describe the overall goal of your protocol in a single statement of no more than 40 words.

The overall goal of this protocol is to remove the effect of shot noise using nanoparticles and resist reflow techniques. Removal of shot noise in lithographic patterns is essential in EUV and E-beam lithographies.

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. Unless only one author will speak throughout the video, please assign each statement to a different author. Please restrict the length of each statement to no more than 30 words.
1.1. Shankar Balalasaheb Rananavare: This method can help answer key questions in the _nanopatterning field employing extreme UV and E-beam lithographies commonly employed in fabricating microprocessors and memory chips. 
1.2. Shankar Balalasaheb Rananavare: The main advantage of this technique is that the steps required are easily implemented in current semiconductor processing FABs without needing extensive modification of the existing toolsets.   

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors. These statements must be completed by different authors than those who gave the required statements, and no more than one statement should be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.3. Shankar Balalasaheb Rananavare: The implications of this technique extend toward our ability to craft sub 20 nm patterns because it would reduce dimensional fluctuations expected at these length scales due to optical and chemical shot noise effects.  
1.4. Shankar Balalasaheb Rananavare: Though this method has been demonstrated using e-beam lithography, it can also be applied to other systems based on extreme UV, X-ray or other high energy exposure systems.
1.5. [bookmark: IntroStatements]Shankar Balalasaheb Rananavare: Generally, individuals new to this method will struggle because it requires familiarity with bottom-up and top-down processing methods such as surfactant self-assembly and projection lithography.
1.6. Shankar Balalasaheb Rananavare: I developed the idea for this method when I was asked by a scientist from Intel component research to solve the problem of shot noise.
1.7. Author Name: Visual demonstration of this method is critical as the ______________ steps 
are difficult to learn, because _______________.
Authors: Please review the above statements to ensure that they comply with length restrictions.
D. Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
Authors: If one or more demonstrators are not assigned a speaking part in the introduction section, please fill out this statement. Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
1.8. Shankar Balalasaheb Rananavare: Demonstrating the procedure will be Moshood K. Morakinyo, a previous post doc from my laboratory currently at Intel.  
1.8.1. Author (Shankar Balalasaheb Rananavare) speaks towards the camera, interview style
1.8.2. Moshood K. Morakinyo looks up from  hood,  and acknowledges the camera.
Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions.
** If you have any questions (e.g. you wish to provide more statements than you have authors), please contact me at tara.cass@jove.com, and I will be happy to help.

[bookmark: Protocol]Protocol (read by voice talent at JoVE)
Authors: This is the transcript of the spoken instructions to be illustrated by the demonstration. To ensure that your protocol can be filmed in one day, the instructions are limited to 3 pages with 0.75” margins, with each step no longer than 3 lines. The video will focus on the aspects of the procedure that benefit from visual demonstration, but all essential steps must be mentioned.
2. Derivatization and Characterization of Silicon Wafer Surfaces
2.1. To begin the procedure, prepare SC-1 and SC-2 solutions for the RCA-cleaning method. (TEXT: SC-1: 5:1:1 v/v DIH2O:NH4OH:H2O2; SC-2: 5:1:1 DIH2O:HCl:H2O2)
2.2. Immerse the silicon wafer in the SC-1 and SC-2 solutions for 10 minutes each at 70 °C. Rinse the wafer with deionized water after each immersion and then dry in a stream of nitrogen gas.
2.3. Then, soak the cleaned, dried silicon wafer in a 0.05 M solution of AATMS in dry toluene at 80 °C for 20 minutes to derivatize the wafer surface. (TEXT: AATMS: N-(2-Aminoethyl)-11-aminoundecyltrimethoxysilane)
Authors: AATMS is defined as “N-(2-Aminoethyl)-11-amino-undecyl-methoxy-silane (AATMS)” in the introduction section of the manuscript.
2.4. Sonicate the wafer in toluene at room temperature for 5 minutes at 100 W and dry the wafer with nitrogen gas.
2.5. Measure the contact angle of the derivatized wafer surface by imaging the surface with a CCD camera and running a contact angle macro in image processing software.
2.6. Use an ellipsometer to determine the film thickness. Estimate the surface elemental composition with X-ray photoelectron spectroscopy.
3. Gold Nanoparticle (GNP) Deposition into E-Beam-Patterned Holes
3.1. Apply a photoresist film of poly(methyl methacrylate) to the prepared wafer, and then pattern holes in the wafer with electron-beam lithography.
Authors: The inset image in Figure 1 will be used to illustrate this step. Please see the figure revision requests at the end of the Results section for more information about preparing images for video inclusion. If there is another image that you would like to use for this step, please see the Provided Media section.
3.2. Prepare a suspension of citrate-capped GNPs of a smaller diameter than the patterned holes. The GNP concentration may range from 5.7 x 109 to 1012 NPs/mL, depending on the GNP size.
3.3. To deposit GNPs in the patterned contact holes by immersion, soak the patterned wafer in the suspension for 24 to 48 hours, depending on the GNP size.
Authors: Does this method also require incubating the samples on a hot plate for 10 minutes after immersion? NO
3.4. Alternatively, to deposit GNPs by evaporation, first place the patterned wafer on a flat surface. Spray a GNP suspension over the entire surface of the wafer, with the spray oriented perpendicular to the wafer surface.
3.5. Heat the wafer on a hotplate at 30-35 °C for 10 minutes to evaporate the solvent.
3.6. After GNP deposition, ultrasonicate the wafer in a deionized water bath for 50 seconds at 100 W. Dry the wafer with nitrogen gas.
3.7. To perform top-down scanning electron microscopy of the wafers, set the electron beam to the lowest possible acceleration voltage and current to reduce the damage to the photoresist film during imaging.
3.8. For cross-section SEM imaging, first sputter-coat the wafer surface with a 10-nm-thick gold film. Then, cut through the holes in the wafer with a focused Ga ion beam set to 30 kV and 93 pA. Tilt the wafer to obtain the cross-section SEM images.
4. Poly(Methyl Methacrylate) (PMMA) Photoresist Reflow and Dry- and Wet-Etching
4.1. Heat the wafer on a hotplate at 100 °C for 3 minutes to facilitate reflow of the PMMA photoresist around the deposited GNPs.
4.2. Dry-etch the wafer with oxygen plasma for about 55 seconds to expose the GNPs in the contact holes without completely removing the PMMA film. Monitor the etching rate throughout the process to ensure that the PMMA film is not completely removed.
4.3. Then, wet-etch the GNPs for 10 minutes with a solution of 1.0 g of iodine crystals and 4.0 g of potassium iodide in 40 mL of deionized water to remove the GNPs from the film.
4.4. Image the wafer with scanning electron microscopy. Calculate the hole centers, GNP displacement, particle count, particle density, and fill fraction from the SEM images before and after reflow and etching.
Authors: Will you be able to provide screen capture footage of the SEM imaging? Please see the below instructions for more information. NO
[bookmark: ScreenCaptureFootageInstructions]SCREEN CAPTURE FOOTAGE INSTRUCTIONS
Authors: Please review the protocol for steps describing something shown on a computer screen.

When you receive the final script, if a shot is listed as [#-SCREEN], you will need to make a movie file of the described actions using screen capture software installed on the computer or run from a USB drive. Software options include Rylstim Screen Recorder, CamStudio, Snagit, or Quicktime X.

Make one file per [#-SCREEN] containing only the requested actions. Do not bundle several action sequences into one large file. Name each file according to the shot number (see Provided Media for more information) and upload the files to your project folder: http://www.jove.com/account/file-uploader?src=16638103

Back to Questionnaire
[bookmark: AuthorProtInterviews]OPTIONAL: AUTHOR PROTOCOL INTERVIEWS
Authors: In this optional section, you may provide a brief statement about the required technique for the single most critical step of the procedure. If there are two critical steps, you may provide two statements, but this is the maximum. Please restrict the length of each statement to 40 words or less.

This will be an interview shot interjected at the appropriate step of the protocol. Please specify who will speak these parts and the step that each statement should accompany. If you wish to make a more general statement, please consider using the introduction or conclusion sections instead.
Author name, Step            :     (write your 1st optional statement here)    
Author name, Step            :     (write your 2nd optional statement here)
RESULTS (read by voice talent at JoVE; animated by video editor at JoVE)
The representative results are a critical aspect of the video, because they show the validation of your procedure. For example, if this is a procedure for cell culture preparation, the results section will show the cells at various time points following culturing.

The results section is limited to 200 words. Please review the narration and proposed animations to ensure that they correctly summarize your results and appropriately highlight the relevance of your procedure.
5. Results: Reduction of Shot-Noise by Deposition and Subsequent Etching of Sacrificial GNPs
5.1. Using this method, 20-nm GNPs were deposited in 80-nm holes patterned in a PMMA-coated silicon wafer. The PMMA photoresist was then heated to just below its glass transition temperature to enable photoresist reflow around the GNPs, erasing the nanohole patterns created by electron-beam lithography.
5.1.1. Figure 5a
5.1.2. Figure 5b, then 5c
5.2. After re-exposing the GNPs by dry-etching, the GNPs were removed by wet-etching, leaving 20-nm-diameter holes in the PMMA film in the same arrangement as the originally patterned holes.
5.2.1. Figure 5d
5.3. When the immersion deposition method was used, 93% of the holes were occupied by a single GNP each. Analysis of the particle displacement within the holes prior to photoresist reflow showed that 95% of the particles were deposited within 18 nm of the hole centers. The evaporation method resulted in many holes being occupied by multiple GNPs, indicating that the process requires further optimization.
5.3.1. Figure 2a, with the histogram presented separately from the SEM image and the Gaussian distribution: During “within 18 nm…centers”, highlight the blue circle in the histogram.
5.3.2. Figure 2b
5.3.3. Figure 3, lower left SEM micrograph only
5.4. Extraction of the contribution of photoresist reflow on displacement of the 20-nm GNPs indicated that the reflow process had a negligible effect on GNP positioning. 
5.4.1. 
Figures 2b and 2c, with the added caption of “”: Add the labeled values “σTotal: 11 ± 2 nm; σDeposition: 9 ± 1 nm” under the caption. Then, add “σResist-Reflow: 6 nm” as well.
5.5. The coefficient of variation of the 20-nm holes created by this method was determined to be about 9%, which was comparable to the coefficient of GNP size variation. This was roughly a sixfold improvement over the predicted CV of electron-beam lithography-patterned 20-nm holes and about a 60% improvement over the predicted CV of the original 80-nm holes.
5.5.1. Figures 2b and 2c (no caption)
[bookmark: FigureRevRequest]Authors: Please upload the Figure 1 inset; the histogram, Gaussian plot, and SEM image of 2a; Figures 2b and 2c; and the Figure 3 lower SEM micrograph all as separate image files. Please remove the a-c labels from each of these images. See the Provided Media section for more information about uploading supplemental files for video inclusion.
Authors: Does the above description accurately reflect your results? See the instructions below to make any changes.YES

RESULTS INSTRUCTIONS FOR AUTHORS:

Please limit the narration to no more than 3 lines of text per image or movie file being described. The results section is limited to 200 words total. If your manuscript results section contains more than 4 figures, please choose the most important figures to illustrate your results.

Each image or movie file supplied for the video results section should be referenced by its specific file name. Figures with multiple panels should be re-uploaded with each panel as a separate image. Your JoVE editor will ensure that the narration and proposed animations are correctly formatted.

Below is an example of results text:

5.  Results: Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected.
        5.1.1. 01234_PIname_Figure1.tif: Describe areas of the figure/table to highlight during the VO.

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        5.2.1. 01234_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal.
        5.3.1. 01234_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia.
                     5.4.1. 01234_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?status=a3603k
6. Conclusion (Said by you on camera. Don’t forget to smile!)
Authors: The video will conclude with a brief overview of your discussion section. Please complete at least one of the statements below and indicate the name of the author who will give each statement. Please restrict the length of each statement to no more than 40 words. You may revise the prompts as necessary to fit your protocol.
6.1. Shankar B. Rananavare: Once mastered, this technique can be done in 24 hours____________ (hours/min) if it is performed properly.
6.2. Shankar B. Rananavare: While attempting this procedure, it’s important to remember to use 1) monodisperse nanoparticles and 2) mild ultrasonication to remove loosely bound nanoparticles on the resist surface.
6.3. Shankar B. Rananavare: After its development, this technique paved the way for researchers in the field of lithography to remove effects of shot noise and line edge roughness in EUV and E-beam based patterning. _____________ (subdivision of field, disease, natural phenomenon) in __________ (model organism, patient demographic, organ system).
6.4. Shankar B. Rananavare: After watching this video, you should have a good understanding of how to  deposit nanoparticles, reflow resist and removal of nanoparticles by etching to reduce shot noise in nanofabrication _____________ (restate overall goal of the procedure; mention specific steps).

Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.

Back to Optional Protocol Interviews
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16638103

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

Back to Screen Capture | Back to Results

General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
 2016, Journal of Visualized Experiments
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