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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)__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.

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.) _3.1, 3.2, 3.3, 3.4, 4.2_______________________________________

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. (Please do not list entire sections.) ___1.4,_3.2, 3.4_______________________

E.  Will the filming need to take place in multiple locations? (Y/N) ____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 number of statements have been cut for length.
A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this experiment is to demonstrate the formation of both hydrophilic and hydrophobic surfaces on silicon by irradiation with krypton fluoride and argon fluoride lasers from samples immersed in a low concentration of hydrogen peroxide solutions or methanol. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. JJD: This method can help answering some key questions in the laser-semiconductor interaction field concerning selective area chemical modification of the semiconductor surface which may be suitable for biosensing applications. 
1.2. NL: The main advantage of this technique is that it can be applied for in situ control of Si surface wettability without affecting surface morphology of the semiconductor.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. KM: We first had the idea for this method when investigating a UV laser based process for selective area formation of surface defects used in the technology known as quantum well intermixing.
1.2. NL: Visual demonstration of this method is critical as the air pocket free preparation of the sample chamber and irradiation with a homogenized beam of an excimer laser are relatively difficult steps.
JJD: Though this method provides insight into UV light induced chemical modification of Si surface in liquid environments, it can also be applied to other semiconductors, such as GaAs and InP as well as to non-semiconducting materials. 
NL: Generally, individuals new to this method could struggle before being able to establish conditions suitable for practical use of a chemically modified Si surface by a laser-based method.

NL: The problem concerns bubble formation that is related to thermal decomposition of H2O2 or evaporation of methanol. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
N/A - All demonstrators are speaking other interview statements.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) 
N/A
Protocol (read by voice talent at JoVE): 
2. Sample Preparation 
2.1. To begin, use a diamond scribe [2.1.1 - MED] to cleave an n-type, Phosphorous-doped silicon wafer with one polished side into 12 mm x 6 mm samples that are 380 microns thick. [2.1.2 - CU]
2.1.1. Talent with scribe starts to cleave wafer

2.1.2. Talent cleaves wafer into 12x6 samples
2.2. Then, clean the samples by rinsing them in d-limonene, acetone, and then isopropyl alcohol for 5 minutes each. [2.2.1 - CU]
2.2.1. Talent transfers samples from one solution to the next with all 3 lined up and labeled.

2.3. Next, etch the samples in a 0.9% hydrofluoric acid solution for 1 minute to remove the initial oxide. [2.3.1 - CU] Then, rinse them in deionized water and dry them with a stream of high-purity nitrogen. [2.3.2 - MED]
2.3.1. Talent places samples into HF solution

2.3.2. Talent rinses sample in dI water and then dries with a nitrogen stream.

2.4. Store the prepared samples in a nitrogen filled bag to curb oxidation. [2.4.1 - CU]
2.4.1. *Film as written
3. Pulsed UV Laser Irradiation in Liquid Environment

3.1. When ready to continue, place the samples in a 0.74 mm tall chamber. Fill the chamber with 0.01 to 0.2% hydrogen peroxide diluted in water, or with degassed methanol, and then seal the chamber with a fused silica window that has a high transmission UV light. Make sure no air pockets are left inside the chamber. [3.1.1 - CU]
3.1.1. *Film as written
3.2. [combined with 3.1] Fill the chamber with 0.01 to 0.2% hydrogen peroxide diluted in water or with degassed methanol. [3.2.1 - MED] Make sure no air pockets are left inside the chamber. [3.2.2 - CU]
3.2.1. *Film as written

3.2.2. Talent removes bubbles from chamber

3.3. Then, set the demagnification of the argon fluoride and krypton fluoride lasers to 2.6 and 1.8, respectively. [3.3.1 - SCREEN]   
3.3.1. Screen capture video as talent sets demagnification of lasers to values listed. 
3.3.1.2 Added shot: Video shot of light “ON” and “OFF” signs
3.4. Irradiate the sample with a homogenized beam at only 2 sites on each sample by increasing pulse number from 100 to 600 in step of 100 pulses through a circular mask, 4 mm in diameter. [3.4.1 - MED over the Shoulder] [3.4.2 - CU]
3.4.1. *Film as written [add sound effect to the laser pulsing]
3.4.2. Added shot: Talent irradiates one site on the sample, move the sample and irradiate another site on the sample 
Authors: If you would like to submit lab media for this shot, please update it to [3.4.1 - LM] and list the file name and time stamp in 3.4.1.
3.5. Next, irradiate the samples in the same way by using a “maple leaf” mask. [3.5.1 - CU]
3.5.1. Talent sets maple leaf mask into place.
3.6. When finished, rinse the samples with deionized water and then dry them with a nitrogen flush. [3.6.1 - CU]
3.6.1. *Film as written
4. Immobilization of Bio-conjugated Nanospheres

4.1. Dilute biotin-conjugated and fluorescein-stained 40-nm-diameter nanospheres with PBS to 1x1012 particles/mL at room temperature.[4.1.1 - CU]
4.1.1. *Film as written
4.2. Next, immerse the krypton fluoride laser irradiated samples for 2 hours in this solution at room temperature. [4.2.1 - CU]
4.2.1. *Film as written
4.3. Then, soak the irradiated samples in PBS for 1 minute to eliminate any un-bound fluorescein stained nanospheres from the surface. [4.3.1 - CU]
4.3.1. *Film as written
5. Contact Angle Measurement

5.1. Begin by placing the sample onto a clean, flat surface. [5.1.1 - CU] [5.1.2 - CU]
5.1.1. *Film as written
5.1.2. *Film as written
5.2. Form a drop at the tip of the micro-syringe and slowly lower it to the sample surface until it makes contact and transfers to the surface. [5.2.1 - CU]
5.2.1. *Film as written
5.3. Using a CCD camera, capture and save the water drop profile images. [5.3.1 - MED over the Shoulder] Measure each contact angle independently at each of the laser sites. [5.3.2 - CU] [5.3.3 LM]
5.3.1. *Film as written
5.3.2. Talent moves sample to measure next site.
5.3.3. [added] 52720_individual contact angle measurements
5.4. Then, load the images into ImageJ and use the drop analysis plugin “Dropsnake” to estimate and average the contact angle values. Start by turning the images into grayscale images.  [5.4.1 – SCREEN LM]
5.4.1. Screen capture video as talent loads ImageJ, opens image, and changes image to grayscale.52720_contact angle measurement (timestamp:0:00-0:05)
5.5. Next, outline the drop contour from left to right to initialize the “snake”.  Accept the curve connecting these knots and evolve the curve by pressing the “snake” button. Repeat this process for each droplet that was imaged. [5.5.1 - SCREEN LM] Calculate the average contact angle value from 4 laser irradiated sites on different samples [5.5.2_LM]. 
5.5.1. Screen capture video of the above step in the order it is listed 52720_contact angle measurement (timestamp: 0:05-0:52).
5.5.2. [added] 52720_individual contact angle measurements(Time stamp: 0:18-the end)
6. XPS Measurement 
6.1. To perform X-ray photoelectron spectroscopy, start by loading the samples into the vacuum chamber and pulling a vacuum of 1 x 10-9 Torr. [6.1.1 - MED/CU LM] 
6.1.1. Talent loads sample into the vacuum chamber. 52720_XPS measurement (Timestamp: 0:00-0:04)
6.2. Then, acquire the surface survey data in constant energy modes of a 50 eV pass energy.  Target an area, 220 µm x 220 µm using an e-beam produced aluminum K-alpha emission of 150 W power. [6.2.1 - LM]
6.2.1. 52720_XPS measurements (Timestamp: 0:04-0:08)

6.3. Next, acquire high-resolution scans from the same analyzed area using a 20 eV pass energy. [6.3.1 - LM]
6.3.1. 52720_XPS measurements (Timestamp: 0:08-0:14)

6.4. Finally, process the acquired spectra with the appropriate quantification software in accordance with manufacturer’s specifications. [6.4.1 - LM]
6.4.1. 52720_XPS measurements (Timestamp: 0:14-End)

7. Results: Pulsed UV laser Irradiation Increases SiOH Surface Concentration
7.1. These contact angle results were acquired after an average 10 minute exposure to hydrogen peroxide solutions. The contact angle decreases with increasing pulse number for all the different peroxide concentrations. [7.1.1 - LM] The minimum contact angle of about 15° was obtained using both 0.02 and 0.01% hydrogen peroxide solutions at 500 pulses.   [7.1.2 - LM]
7.1.1. Figure 1 (Video Editor: Highlight the legend with the 2nd half of the 2nd sentence.)
7.1.2. Figure 1 (Video Editor: Point to the X=500, Y=15 location with an arrow or emphasize some other way.)
7.2. X-ray Photoelectron Spectroscopy data show that the quantities of silicon dioxide and silicon hydroxide on the site irradiated by a krypton fluoride laser are greater [7.2.1 - LM] than those on the non-irradiated areas [7.2.2 - LM]. 
7.2.1. Figure 3b-c (Video Editor: Highlight the SiOH and SiO2 peaks/labels in Figure 3c)

7.2.2. Figure 3b-c (Video Editor: Highlight the SiOH and SiO2 peaks/labels in Figure 3b)

7.3. Since surfaces coated with silicon dioxide have a minimum contact angle of 45° to 50°, and silicon hydroxide layers have a minimum contact angle of 13°, the superhydrophilic silicon hydroxide monolayer is most likely responsible for the decreasing contact angle in the irradiated samples.[7.3.1 - LM]
7.3.1. Figure 3b-c (Video Editor: Highlight the Blue-SiOH line and label on both graphs)
7.4. Since biotin-coated fluorescing nanospheres immobilize preferably on hydrophobic, non-irradiated silicon surfaces, the maple leaf pattern observed on the green background indicates the area of a strongly hydrophilic surface fabricated by the KrF laser. [7.4.1-LM]
7.4.1. Figure 4a 52720_Fluorescence microscopy imaging 
8. Conclusion (said by authors on camera) 
8.1. NL: While attempting this procedure, it’s important to remember to minimize the oxidation from air exposure and reduce the bubble generation during laser irradiation.

8.2. NL: Once mastered, this technique can be completed in about 30 minutes depending on the complexity of the pattern for selective area modification.

8.3. KM: Following this procedure, other methods employing, for instance, UV lamps could also be investigated to chemically modify surface wettability of materials.
8.4. KM: After watching this video, you should have a good understanding of how to use UV light of an excimer laser to control wettability of a Si surface within selected areas.

8.5. JJD: The potential advantage of this method is in its ability to transform a silicon surface from hydrophobic to hydrophilic, and vice versa, without removing the wafer from a processing chamber. 

8.6. JJD: Don't forget that working with UV light can be extremely hazardous and UV proactive gear should always be worn while performing this procedure. Also, working with hydrofluoric acid is dangerous, and requires wearing rubber gloves and face shielding equipment.  

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.  

Authors: The file names listed did not match any submitted files.  Please update this before sending in the post-shoot edits.
5.4 and 5.5-   52720_contact angle measurement.mp4 – steps of using software to estimate the contact angle;
5.3 and 5.5-  52720_individual contact angle measurements;
6-   52720_XPS measurement.mp4 – steps of XPS measurements;
7.2- 52720_O1s XPS spectra_Figure 3.tif – updated O1s XPS spectra of freshly etched, non irradiated and irradiated with 500 pulses;

7.4- 52720_Fluorescence microscopy imaging.mp4 – schematic of UV laser induced fluorescein stained nanospheres patterning of samples and the result of fluorescence microscopy imaging 

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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